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184. The Synthesis and Properties of 2-Iodo-1-vinylacetylene. 


By Tuomas H. VAuGHN and J. A. NIEUWLAND. 


MONOSUBSTITUTED acetylenes are iodinated by iodine in liquid ammonia (Vaughn and 
Nieuwland, J. Amer. Chem. Soc., 1933, 55, 2150), and 2-iodo-1-vinylacetylene is thus 
obtainable from vinylacetylene at — 34° in an almost theoretical yield. In this respect 
vinylacetylene differs from the alkylacetylenes, which require higher temperatures and 
give a low yield of the iodoacetylene, and resembles more closely the arylacetylenes. 
Preparation.—To iodine (100 g.), dissolved in liquid ammonia (1-7 1.), vinylacetylene (35 g.) 
was added and after 20 hours the ammonia was boiled off over a water-bath until the residual 
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volume was about 250 c.c. Water (1 1.) was slowly added in a fine stream and the heavy oil 
which separated was washed with water, dried over calcium chloride at 0°, and distilled, giving 
67-0 g. (96% of the theoretical amount) of material, b. p. 71-5—71-6°/102 mm. (Found: 1, 
71-2. Calc. for CyH,I: I, 71-35%). 

The freshly prepared, pure liquid is colourless and has an extremely unpleasant odour 
resembling that of di-iodoacetylene. j}° 1-58904; d® 1-8874; [Rz]p 31-77 (calc., 31-45); y™ 
34-62 dynes (maximum bubble pressure method; Sugden, J., 1924, 125, 27); [P] 230-3 
(calc., 230-0, from values given by Mumford and Phillips, J., 1929, 2113). Vapour pressures 
(mm. + 0-3 mm.) 97-5/70°, 115-7/75°, 139-0/80°, 168-0/85°, 201-5/90°; whence, by interpol- 
ation, the b. p. at 125 mm. is 77-5°. 

In the presence of air 2-iodo-l-vinylacetylene polymerised at room ‘temperature. The 
colourless liquid turned yellow, then brown, jellied, and finally set to a hard resin-like mass. 
After 40 days at 40° the material was hard and brittle. Another sample of the same specimen 
kept at 25° polymerised in the same time to a soft jelly. Still another sample kept at — 34° 
underwent no apparent change. 
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Oxygen appears to be necessary for the change and is absorbed in large quantities: the 
rate of polymerisation seems to be a function of its partial pressure. In pure oxygen at 25° 
the change is very rapid, the gel stage being reached in 10—14 hours. Samples sealed in tubes 
with air and oxygen darkened and underwent an initial change, but did not solidify even after 
7 months. As would be expected, anti-oxidants exert a retarding influence on the change. 
Samples of iodovinylacetylene stabilised with 1% of quinol, after being kept at 40° for 40 days 
and then at room temperature for 2 months, had only polymerised to a thick viscous liquid. 
That this change is polymerisation and not merely oxidation is shown by the enormous increase 
in the average molecular weight of the material during the change. At 0° this increase was 100% 
in 10 hours. It is probable that the total change represents both oxidation and polymerisation. 
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Iodine and, less effectively, hydrogen iodide and ammonia each accelerate the change. 
The surface tension of the compound remained constant up to the gel stage, where measurement 
became difficult, but other physical properties underwent pronounced change during the 
polymerisation. The density at 30° of a sample kept at 42° in contact with air increased from 
1-875 to 2-040 in 89 hours. 

The change in the refractive index was used to study the polymerisation. Fig. 1 shows 
the change of nj" with time for samples of the material contained in loosely stoppered bottles 
and thus having limited access to oxygen. A comparison of curve C with curve D clearly 
shows the retarding action of quinol. 

The effect of iodine and hydrogen iodide is brought out in Fig. 2 by plotting »?" against time 
for materials kept at 42° in open glass bottles providing a freer contact with oxygen: this 
condition, together with the slightly higher temperature, accounts for the more rapid change 
in curve A (Fig. 2) as compared with curve B (Fig. 1). 

The hard masses produced by the polymerisation of the unstabilised iodovinylacetylene are 
sensitive toshock. When struck sharply or rubbed harshly, the polymeride deflagrates, emitting 
iodine vapour and clouds of heavy brownish smoke. Polymerides in the soft jelly stage are not 
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inflammable. If a portion of this jelly is washed with ether or alcohol, a light buff-coloured 
precipitate separates and the unchanged iodovinylacetylene goes into solution. The precipitate 
is very sensitive to oxygen, darkening rapidly in its presence. The dry precipitate on warming 
decomposes violently, giving iodine vapour and leaving a swollen mass of carbon. The sub- 
stance is sensitive to shock in much the same way as the totally polymerised material. 

By the same method of washing, polymerides can be isolated in the early stages of the 
polymerisation. Such material is very light in colour and avidly takes up oxygen. It does not 
seem to be as combustible as polymerides obtained at a later stage of the change. Polymerides 
from material stabilised with anti-oxidants are difficultly inflammable, but are quite insensitive 
to shock. 


THE UNIVERSITY, NotRE DAME, INDIANA. [Received, A pril 27th, 1933.] 





185. The Photochemical Union of Chlorine and Hydrogen in the Presence 
of Oxygen, and the Relative Rates of Formation of Water and Hydrogen 
Chloride in Illuminated Mixtures of the Three Gases Rich in Oxygen. 


By Davip L. CHAPMAN and JOHN S. WATKINS. 


In 1913 Chapman and Underhill (J., 108, 496) observed that hydrogen has an inhibitive 
effect on the rate of photochemical union of chlorine and hydrogen when oxygen is present 
in the mixture and the partial pressure of the hydrogen exceeds a given value. The 
result was confirmed by Jones and by M. C. C. Chapman (J., 1923, 123, 3062), who also 
showed that the inhibitive effect of oxygen is inappreciable when the pressure of the 
hydrogen is very low. Bearing on this question are some results recently obtained by 
Gibbs (Nature, 1931, 127, 854) which have not yet been published in detail. These have 
shown that when specially purified moist chlorine and hydrogen (the latter gas being. 
at a low pressure) are exposed to light, the rate of formation of hydrogen chloride is pro- 
portional to the square root of the intensity of the light * and is not affected by the 
addition of small amounts of oxygen. 

Mrs. Chapman’s results were expressed by the formula 

a[HCl] (at = hyT{Ch]*(Ho] {el Ha]*“[04] + [C1] 
in which J is the intensity of the light and x is a number between 0 and }. The formula 
expresses the fact that hydrogen can become an inhibitor and that oxygen can cease to 
be an inhibitor when the pressure of the hydrogen is low. It was, however, deduced on 
the assumption that the photochemical change in question obeys in all circumstances 
Draper’s law and will therefore need modification ; this is not discussed at present. 

Thon (Z. physikal. Chem., 1926, 124, 332) contests Underhill’s results, and modifies 
Mrs. Chapman’s formula to one of a similar character which, however, does not indicate 
that oxygen practically ceases to act as an inhibitor when the concentration of the hydrogen 
is low, or that hydrogen can act as an inhibitor. Bodenstein and Schenk (zbid., 1933, 
B, 20, 420) refer to Thon’s formula as “‘ Das Gesetz, das sich insbesondere in den sehr 
exakten Messungen von Thon dusserst bestimmt bewdhrt hat,’’ and base a theory con- 
cerning the simultaneous photochemical formation of water and hydrogen chloride from 
a mixture of the elements on the law. To this theory we shall refer later. 

Mrs. Chapman at the end of her paper stated that her results could be explained with 
appropriate assumptions by Nernst’s theory. The suitable assumptions were not given. 
They concerned the mechanism of the formation of water, about which very little was 
known, and might at the time have been considered fanciful. However, in the mean- 
time, through the researches of Taylor, Hinshelwood, Marshall and Bates, Haber, Franken- 
burger, Bonhoeffer, and others, sufficient is now known about the interaction of hydrogen 
and oxygen to justify speculation concerning the mode of formation of water in an 
illuminated mixture of hydrogen, oxygen, and chlorine. Let us see which of the theories 
proposed by the above investigators will explain Underhill’s and Chapman’s results. 

* This result was predicted by Berthoud, who was the first to demonstrate clearly that photo- 
chemical changes can be proportional to the square root of the intensity of the light. 
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A Nernst scheme which will account for the inhibitive effect of oxygen is : 


(1) Cl, + hv = 2Cl (3) H+ Cl, = HCl+4 Cl 
(2) Cl+ H, = HCl+H (4) H + 0, = HO, 


If it be assumed that the last reaction is not reversible, and that the hypothetical com- 
pound HO, decomposes without interaction with any of the atoms or molecules present 
in the reacting mixture, it is obvious that the amount of hydrogen which combines with 
oxygen in the most favourable circumstances should not exceed that which combines 
with chlorine. Since our results show, however, that the former can exceed the latter, 
the simple scheme proposed above is incorrect. 

Moreover, the following differential equation can be derived from the proposed scheme : 

a{HCl] /dt = 2(kykg/Rq)I[Cl.]?/[O,] + Rk Z[Chk] . . . . - (1) 
which is incompatible with both Underhill’s and Mrs. Chapman’s results. 

If, however, we replace equation (4) in the above scheme by the more probable 
equation 

(4’) H+ H, + O, = H,O + OH 
and assume with Haber that the neutral hydroxyl cannot interact with molecules of 
hydrogen at the temperature of the experiment to regenerate atoms of hydrogen, then 
the hydrogen which combines with oxygen can exceed that which combines with chlorine, 
in agreement with the results of our experiments. 

Again, from the scheme thus modified the following differential equation can be deduced : 

a{HCl]  2k,k, I[Cl,]? , 

di ~ k’, (H,][0,] 2 
making both hydrogen and oxygen inhibitors, in agreement with Underhill’s and Mrs. 
Chapman’s results at moderate concentrations of hydrogen and oxygen. 

There is an apparent paradox in equations (1) and (2). Equation (1) makes the rate 
of formation of hydrogen chloride independent of the concentration of the hydrogen at 
all concentrations of that element, and according to equation (2) the rate of formation of 
hydrogen chloride becomes infinitely great when the concentration of the hydrogen is 
infinitely small. The apparent paradox is due to the neglect to take into account the 
effects of homogeneous and heterogeneous recombination of the atoms and other causes 
of retardation in deducing the formule. 

There are other modifications of the Nernst scheme which will account approximately 
for the results of Underhill, Mrs. Chapman, and ourselves. The consideration of these 
will be omitted, as we think that in the present state of our knowledge an exhaustive 
examination of all the possibilities would be tedious and unprofitable. We must, how- 
ever, consider briefly the paper of Bodenstein and Schenk mentioned above, and draw 
attention to an argument contained therein which appears to be inconclusive. 

Thon’s formula, which, as the authors state correctly, does not indicate a trace of 
inhibition by hydrogen, chlorine, or hydrogen chloride, is : * 

QHCY A JansAglHe][Cle] 
dt —egfOn]{[Hg] + Aghs[Cly] /Aghg} 
and follows with legitimate approximations from the Nernst scheme as above with the 
addition of 





(5) Cl + O, = ClO, 
Bodenstein and Schenk, having modified (4) and (5) so as to include the third molecule, 
M, required to stabilise the products HO, and ClO, (M being a molecule of any one of 
the interacting gases chlorine, hydrogen chloride, or hydrogen, each of which is assumed 
to be equally effective as a “ third body’’), make the necessary correction in Thon’s 


formula and write it 
a{HCl] _ 4 J ys kg[H,][Cly] 


dt [On] M{[Hg] + Agk [Clo] /Aaha} 


* We have corrected an obvious misprint in the text of their paper. 
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But owing to the equal effectiveness of molecules H,, Cl,, and HCl as “ third bodies,” M 
stands for [H,] + [HCI] + [Cl,], and the modified formula indicates that there can be 
inhibition by both hydrogen and hydrogen chloride.* In other words, Bodenstein and 
Schenk’s modified formula and Thon’s formula are inconsistent unless the k, and k; of 
the latter are not true velocity constants of chemical reaction but merely quantities which 
remain constant under conditions restricting the concentrations of the gases in the system. 

We raise no objection to the modified formula provided that it be admitted that (1) 
Thon’s method of investigation was incapable of demonstrating whether there was or 
was not an inhibition by hydrogen or hydrogen chloride, (2) the formula is not applicable 
to the range of concentrations where oxygen practically ceases to act as an inhibitor. 

Researches on the subject of this communication have been published by Weigert 
(Ann. Physik, 1907, 24, 253), who discovered that water is formed when a mixture of 
hydrogen, chlorine, and oxygen is exposed to light; Norrish and Rideal (J., 1925, 127, 
787); Cremer (Z. physikal. Chem., 1927, 128, 285), and Bodenstein and Schenk 
(loc. cit.). Norrish (Trans. Faraday Soc., 1931, 27, 461) has shown that hydrogen peroxide 
is one of the products of the photochemical interaction of hydrogen, chlorine, and oxygen. 

Our aim has been, as stated above, to determine the highest attainable ratio of the 
number of water molecules to those of hydrogen chloride, and we have shown that this 
ratio can exceed 0-5. We are unable to say whether the ratio approaches a fixed number 
asymptotically. This question could probably only be decided by performing experi- 
ments with mixtures at pressures considerably above that of an atmosphere, and in such 
circumstances the analyses would present considerable difficulties. The result we have 
obtained is in theoretical agreement with the fact that the molecules of water produced 
per quantum can rise as high as 2, and can therefore be regarded as giving support to 
the interpretation of the latter fact. 


EXPERIMENTAL. 


The all-glass apparatus consisted of two glass containers of unequal capacity which could 
be brought into communication by opening a tap. Generally, the capacity of one container 
was not more than 3 c.c. and that of the other not less than 70 c.c. To perform an expt., the 
smaller container was filled with dry Cl at a recorded temp. and press., and the larger with a 
dry mixture of Hand O. The intercommunication tap was then opened, and the gases allowed 
to mix in the dark. The apparatus was exposed to sunlight for at least 12 hr. Sunlight was 
more effective than that of a 1000-watt W-filament lamp. After the illumination, the total 
vol. of H and O contained in the apparatus was determined by gas analysis, and the HCl and 

H combined with O 


i 1, esti in tl ; i ‘O1N- : i ro 
uncombined Cl, estimated in the usual way with 0-01N-I aq. The ratio H combined with Cl’ 





2 Is. of HO f > 
4.é., - Pn os :. : ) Semes, calculated from the Cl taken and Cl uncombined and the con- 
mols. of HCl formed 


traction of the total vol. of H and O reduced to N.T.P., is given in the last column of the 
following table, in which all quantities (except the ratio) represent millimols. 





H,+0O, H,+0O, Cl, cl 2xH,O H,+0, H,+0O, Cl, Cl, 2x H,O 
taken. found. taken. found. HCl ° taken. found. taken. found. HCl * 
Ratio H,: O, = 2:1. 
4°238 2°327 1:191 0°025 0°43 3°320 3°170 0°0861 0°0045 0°55 


4°215 2°923 1-184 0°175 0°12 
Ratio H,: O, = 1: 2. 


8°330 7°879 0°1227 0°0025 1-83 6°073 5°974 0°0314 0-0001 1°55 
8°258 7°877 0°1216 0°0015 1°45 8-802 8°576 0:0629 00017 1°68 
6°189 5°909 0-0775 0:0025 1°81 8°445 8183 0°0893 0-0015 1-39 


6°680 6°512 0°0482 0:0008 1-71 


Str LEOLINE JENKINS LABORATORIES, 
Jesus COLLEGE, OxXFoRD. [Received, April 27th, 1933.] 





* According to this formula, if the concentrations of the chlorine and hydrogen chloride are kept 
constant, a maximum rate of combination occurs when [H,] = 0°317(Cl,], it being assumed that 
kk;/k.k, = 0°1 as found by Thon at atmospheric pressure. Mrs. Chapman found a maximum rate 
when the concentration of the hydrogen was between 0°20 and 0°25 that of the chlorine. 
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186. The Oxidation of Dimethylzine. 
By H. W. Tuompson and N. S. KELLAND. 


KINETIC measurements upon the oxidation of hydrocarbons and certain of their simpler 
derivatives have been made in recent years with a view to determining the mechanism of 
these processes. It has in general been found that the idea of reaction chains suffices to 
explain the observed phenomena, and a formal understanding of the reactions has been 
arrived at. Many of the details involved are not, however, clear. Of these, probably the 
most significant is the knowledge of the precise intermediate products and “‘ elementary 
processes ’’ in the reactions. Several investigators suggest the production of free alkyl 
radicals, which are subsequently oxidised, but in all cases the mechanisms proposed are 
mainly hypothetical. It therefore seemed desirable to examine if possible the oxidation 
of free alkyl radicals in separate experiments. 

Few measurements of this kind have so far been made. There are obvious difficulties 
involved, e.g., the lack of certainty of the production of the free radicals and their short 
life when produced (Paneth and Hofeditz, Ber., 1929, 62, 1335; Paneth and Lautsch, 
Nature, 1930, 125, 564; see also Meinert, J. Amer. Chem. Soc., 1933, 55, 979; Simons, 
McNamee, and Hurd, J. Physical Chem., 1932, 36, 939; Geddes and Mack, J. Amer. Chem. 
Soc., 1930, 52,4372; Taylor and Jones, ibid., p.1111). The most relevant work is that of 
Bates and Spence (ib7d., 1931, 53, 1689), who studied the photochemical oxidation of 
methyl iodide. The absorption spectrum of methyl iodide vapour, together with quantum- 
efficiency experiments, indicated that the primary act in the absorption of the radiation 
by the methyl iodide is one of splitting into the methyl radical and an iodine atom. Sub- 
sequent oxidation of the methyl radical occurs. 

It seemed probable that measurements on the oxidation of the vapours of alkyl deriv- 
atives of certain elements would be helpful, and dimethyl- and diethyl-zinc, tetraethyl- 
lead, triethylphosphine, and trialkylamines were chosen. These measurements have 
additional interest in two directions. First, it is well known that tetraethyl-lead and 
similar substances may be used as anti-knocks in the combustion of hydrocarbons, although 
their exact function is not known. Secondly, it is remarkable that dimethylzinc and 
diethylzinc ignite spontaneously in air or oxygen at ordinary temperatures. In the oxid- 
ation of phosphine, again, explosion-limit phenomena have been discovered of a type 
sometimes noticed in chain reactions. It was thought interesting to ascertain whether 
triethylphosphine, which is spontaneously oxidised, also exhibits such behaviour, for in 
this case it might be possible to correlate the various sets of phenomena. 

The experiments to be described relate to the oxidation of dimethylzinc vapour. No 
kinetic measurements on this process have previously been made. The products of the 
action of oxygen on dimethyl- and diethyl-zinc, usually in solvents, have been examined 
by Frankland, Butlerow, and Meyer individually. Frankland (Annalen, 1853, 85, 347) 
found that dimethylzinc “ inflames”’ in air with the production of white fumes, while in 
pure oxygen “‘ explosion ’’’ occurs; the products of the slow reaction were long in doubt, 
and those of the explosion are not reported. Frankland first thought that the white fumes 
consisted of zinc oxide, but later work on the oxidation of diethylzinc in ethereal solution 
led him to propose the formation of an alkoxide, Zn(OCHs). 

On the other hand, Butlerow (Z. Pharm. Chem., 1864, 7, 402) argued for the formation 
of a methoxy-methy]l derivative in the oxidation of dimethylzinc in methyl iodide solution, 
the latter being used, like Frankland’s ether, to prevent the explosive oxidation; the white 
crystalline product, on hydrolysis by water, liberated one equivalent each of methyl 
alcohol and methane, and on analysis proved to be largely methylzinc methoxide, 
ZnMe-OMe, mixed with a little zinc methoxide, Zn(OMe),. In confirmation of this view, 
he showed that the product of the interaction of one equivalent of dimethylzinc with one 
of methyl alcohol was identical with that of the slow oxidation of dimethylzinc, although 
excess of methyl alcohol yielded a new product which, on hydrolysis with dilute sulphuric 
acid, yielded two equivalents of alcohol and was hence the dimethoxy-derivative. The 
same arguments applied to the oxidation of diethylzinc. 
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In view of this evidence Frankland suggested that, in the oxidation in ethereal solution, 
methylzinc methoxide is first formed as a cloud, but dissolves in the ether, and on further 
oxidation the dimethoxy-derivative separates. He supposed that in Butlerow’s experi- 
ments the former compound separated owing to its insolubility in methyl iodide. 

The question was reopened in 1890 by Meyer (Ber., 283, 396) when he oxidised diethylzinc 
in ligroin, and obtained a product which he regarded as a type of peroxide since it liberated 
iodine from potassium iodide. On hydrolysis with acid it gave ethyl alcohol and no 
hydrocarbon, and it was further quite different from the product of the reaction between 
diethylzinc and ethyl alcohol. Meyer also observed that this oxidation product decom- 
posed explosively on heating and assigned to it the structure ZnEt‘O-OEt. Hydrolysis to 
ethyl alcohol could then be explained in the following manner : 


C,H;"\Zn-O-iO0C,H 
HO} iH 

For the reaction in the gas phase it now appears possible to reconcile the various 
observations. Dimethylzinc under certain conditions of pressure undergoes a slow oxid- 
ation in which methylzinc methoxide is the final product, but the peroxidic compound 
ZnMe,O, or ZnMe-O-OMe or Zn(OMe), may be an intermediate stage. Preliminary 
experiments on the oxidation of diethylzinc (following paper) show that the more fully 
oxygenated compound ZnEt,O, is probably the final product. In the explosive oxidation 
of dimethylzinc, decompcsition of the oxygenated compounds occurs, giving gaseous 
products and zinc oxide, with some zinc or carbon. 


5 __» 9C,H,-OH + ZnO. 


EXPERIMENTAL. 


The reaction was followed by the static method usually employed where a change in pressure 
accompanies the reaction. The reaction vessel was suspended in a water-bath, the temp. of 
whichcould be varied. Later expts. showed that a more careful control of temp. was unnecessary 
since the reaction velocity is hardly affected by changes in temp. Dead space was minimised 
by using capillary connecting tubes, and pressure changes were recorded on a Hg manometer. 
Since the press. changes involved were rather small, this procedure might be criticised, but it 
was the most convenient available, and experience showed that trustworthy results could be 
obtained. Attempts to use a H,SO, manometer failed both because the acid reacted with the 
ZnMe, and because the time of lag of the viscous liquid was too great. The reaction vessel was 
connected to storage vessels containing ZnMe,, O,, and inert gas respectively, to a pump, and to 
a pipette into which gas samples could be drawn. The apparatus was evacuated by means of 
a Hg-vapour pump backed by a H,O pump, and finally by a vacuum bottle. 

The ZnMe, was supplied (Harrington) in sealed tubes, which were cracked by shaking in the 
evacuated storage vessel; the first fractions were somewhat impure, but after removal of these, 
reproducible results were obtained. O,, N,, and A were taken from cylinders and dried by P,O,. 
CO, was prepared by heating MgCO,, and Me,O which was used in certain expts. was obtained 
by the general method from MeOH and conc. H,SO,. Mel (Harrington) was used as supplied 
pure. 

ZnMe, was added first to the reaction vessel, then inert gas, if required, and finally O, as 
rapidly as possible, since the reaction is very rapid. The start of the reaction was taken as the 
moment of complete addition of the O,. Reversal of the order of addition of the gases did not 
appreciably alter the results, but since, as shown later, the rate is more dependent upon the 
concn. of ZnMe, than on that of O,, it was desirable to add the former first and measure its 
press. accurately. 

Apiezon tap grease was employed; it was not rapidly attacked by the ZnMe, vapour and 
no great inconvenience was caused in this respect (contrast ZnEt,, succeeding paper). 


Results. 
The expts. to be described indicate that at low press. and room temp. it is possible to measure 
a very rapid reaction between ZnMe, vapour and O,. With higher pressures of either reactant 
explosion occurs. The products of the slow reaction are solid at the temps. employed, but in 
the ignition, gaseous products are obtained, consisting mainly of CO, CH,, and H; a solid 
product is also formed in the explosion. The solid formed in the slow reaction is amorphous 
and white, whereas that deposited in the ignition is darker; the former consists primarily of 
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ZnMe-OMe, and the latter of Zn and ZnO. The influence of various factors, e.g., initial press., 
temp., vessel dimensions, and the addition of inert gases, upon the velocity of the slow reaction 
has been investigated. The manner in which this slow reaction passes into explosion, and the 
influence of similar factors upon the highest pressures employable for the maintenance of a slow 
reaction have also been studied. 

The Measurable Reaction.—In the measurable reaction a decrease of press. is observed 
which is always approx. 150% of the initial press. of ZnMe,, provided that the initial press. of O, 
exceed one-half that of the ZnMe,; if this condition is not fulfilled, the decrease in press. is 
three times the initial press. of O, : 


Initl. press., f ZnMe, ...... 12 8 8 6 12 15 9 22 19 15 17 
mm, { _) rr 60 60 20 60 40 20 30 12 10 5 5°5 
Press. decrease, mm. ...... 18 115 12 95 175 225 14 34 28 15 17°5 


The gases remaining were analysed. It is significant that CO, CO,, CH,, C,H,, and H were 
not present in appreciable quantity. Tests for CH,O by Schryver’s reaction (cf. Thorpe and 
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Whiteley, ‘‘ Organic Analysis,” p. 99) gave negative results. Aldehydes and methylal were 
shown to be absent by means of resorcinol and conc. H,SQO, (op. cit., p. 100). In those expts. in 
which the initial press. of O, exceeded half the press. of ZnMe, the only gas remaining was O,, and 
with initial mixtures 2ZnMe, + 10, the press. fell to almost zero. 

The white amorphous solid product of the measurable reaction reacted vigorously with H,O, 
evolving CH,. Of the possible explanations of these facts, only two are probable. (1) It is 
conceivable that Me,O is first produced, co-ordinating itself rapidly with a second mol. of ZnMe, : 
ZnMe, -+- O, —-> ZnO + Me,O; Me,O + ZnMe, —-> ZnMe,,Me,0O, as in the co-ordination of 
Et,O with Grignard reagents. Moreover, Frankland found that Et,S is formed in the reaction 
of S with ZnEty,. 

(2) ZnMe-OMe is formed, but, unless it is assumed that the O, mol. is dissociated in some 
way into atoms, the production of this substance in one stage would necessitate the ternary 
collision 2ZnMe, +- O,—-> 2ZnMe-OMe; it seems more probable, therefore, that this com- 
pound would be formed in two stages: ZnMe, + O,——> ZnMe,:O,; ZnMe,:O, + ZnMe, —> 
2ZnMe-OMe. 

The first alternative has been tested by allowing ZnMe, vapour to remain in contact with 
Me,O at the appropriate temps. No interaction could be observed over long periods, even 
when using pressures much higher than would be involved in the particular case. The second 
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alternative is therefore favoured, and agrees with the earlier results already outlined. Several 
structures are possible for the addition compound of the ZnMe, with O,: it may be either the 
dimethoxide, or a substance of peroxidic character and formula ZnMe-O-OMe, or O,->ZnMe,. 
Compounds of the latter type can definitely be isolated. The kinetic experiments given below 
appear to substantiate the idea of the primary peroxide formation. 

“‘ Order”’ and course of the reaction. The curves shown in Fig. 1 exhibit the course of the 
measurable reaction for a series of different initial reactant concns. (see Table I). Measurement 
of the initial rates in such expts. shows that the “ order ”’ is approx. unity with respect to ZnMe, 
and zero with respect to O,. It is important, however, to note that a slight induction period 
precedes the reaction. This might be due to autocatalysis, in which case measurement of the 
initial rate would be difficult; its significance is discussed below. The values given for the 
order ignore the induction period, the ‘‘ start ” being taken as the instant when press. decrease 
is first observed. 


TABLE I. 
Initl. press., mm. Initial Initl. press., mm. _Initial 
rate, rate, 
ZnMe,. O,. mm. /sec. #. y. ZnMe,. O,. mm. /sec. #. y. 
8 20 0°6 | 0-0 12 20 0°83 —0°1 
8 30 0°65 ' Joo = 12 40 0°72 00 — 
8 60 055 Jol 12 60 0°82 0-1 
6 20 0°38 lee 6 20 0°38 te \ 10 
6 60 0°40 J mae 12 20 0°83 
6 60 0-40 7 \1-0 
12 60 0°83 


x = order with respect to oxygen, y = order with respect to dimethylzinc. 


The direct proportionality between rate and ZnMe, concn. is better shown in the following 
table, which gives values for the proportionality const., k = [ZnMe,]/rate. 


SAMs GOMER. scccnvessessece 20 15 14 12 10 9 8 6 
BIE BED ccssccsccscconcis 1:45 1:00 0°91 0°80 0°67 0°62 0°54 0°40 
DB: sicndtiancaddaniniamiaheraves 13°8 15-0 15°4 15°0 15°0 14°5 15°4 15°0 


That the period of half change in the reaction is approx. const. when different initial concns. 
are used is further confirmation of the result that the total order of the reaction is nearly unity. 

The induction period is decreased, and the velocity slightly increased, as the clean reaction 
vessel becomes coated with deposit; the first runs in a clean vessel are rather slow, and in these 
circumstances the total order of reaction is usually rather higher than unity, approaching a 
value of two. 

With some samples of ZnMe, the first fractions appeared extremely unreactive, but the 
inertness disappeared after some of the liquid had been distilled off. It was at first thought that 
traces of Mel were responsible for the anomaly, since this substance may well remain in the 
ZnMe, after its prepn. The addition of MeI vapour in subsequent expts. proved, however, 
that this was not so; in fact, this substance behaves as an inert gas. This phenomenon still 
awaits explanation. 

Influence of temperature. Measurements were made at several temps. over the range 0—40° 
and also at 100°. The velocity of the measurable reaction is hardly at all dependent upon 
temp. and the end-point is unaffected. Over the range 0—40° there is no noticeable change ; 
at 100° the rate is somewhat greater, but probably is not more than three times that at 0°. It 
is therefore evident that some process is occurring with very small energy of activation. 

Influence of vessel dimensions. The velocity of the measurable reaction for given initial 
concns. was compared in two cylindrical vessels 4-5 and 2-5 cm. in diam. The difference was 
not marked. In a vessel packed with glass wool the rate was increased 3- or 4-fold. 

Addition of inert gases. In the presence of A and CO,, the reaction velocity is not noticeably 
affected and the end-point remains the same (see Fig. 2). 

The Explosive Reaction.—If the pressures of ZnMe, and O, exceed certain values, the 
measurable reaction gives way to an explosive oxidation, preceded, as before, by an induction 
period. With higher pressures of O,, there is an increase in press. in the explosion, accompanied 
by a flash and the production of a black solid, but with lower O, concn. a decrease in press. 
without flash is observed, sometimes corresponding to that decrease which would be obtained 
in the measurable reaction; when such a decrease in press. occurs the deposit is white. The 
two processes are essentially different (see p. 753), the latter being an oxidation, as in the 
measurable reaction, and the former an explosive decomposition. 
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The gaseous products of the instantaneous reaction were analysed. It is remarkable that 
CO, is hardly ever found in appreciable quantity; qualitative tests with baryta indicated that 
it was formed in those cases only in which a high proportion of O, was used. Qualitative tests for 
formaldehyde (Schryver’s reaction) and for acetaldehyde proved negative. The principal 
products are CO, CH,, and H,; C,H, was occasionally found in small quantity. The ratio 
CO/CH, increased with increase in the ratio O,/ZnMe,. The results are shown in Table II. 
CO, was absorbed by KOH, O, by alk. pyrogallol, C,H, by Br aq., CO by ammoniacal CuCl, and 
CH, and H, were determined by combustion. 

The investigation of this ‘‘ explosion ’’ phenomenon centres on the determination of the 
limiting pressures required to bring it about, and the way in which these pressures are affected 
by a variety of circumstances. In general, for any initial concn. of ZnMe,, there exists a 
limiting O, press. and vice versa; although with ZnMe, concns. below a certain value no increase 
of O, press. is sufficient to bring about explosion. 
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TABLE II. 
Press., mm. Gaseous products, %. 

ZnMe,. O,. Ratio. CO,. O,. co. C,Hy,. CH,. H,. Total.t 
22 40 0°55 0°7 10°0 30°4 1°6 18°6 35°3 96°6 
24 26 0-9 0-9 2°6 34°3 0-0 19-0 41:2 98-0 
23 24 0°95 1°8 2°7 35°3 1-1 15°6 40°0 96°5 
25 25 1:0 1°95 2°7 33°6 0°3 17°6 40°9 97°0 
19 16 1°2 1°4 4°1 32°9 0-0 14°1 44°7 97°2 
21 14 15 11 3°7 30°6 1-9 17°1 44°0 98°4 
29 18 1°6 3°4 2°9 22°4 6°4 31°6 32°2 98°9 
28 17 1°6 2-0 51 15°0 8°5 43°2 24-2 98-0 
26 16 1°6 19 3°8 23°6 63 32°4 29°9 97°9 
20 10 2-0 2°6 5:2 15°6 not analysed 
19 8 2°4* 2°0 3°5 25°85 1°65 24:0 40°0 97°0 


* With very low proportions of O,, the gases were difficult to analyse owing to the small amounts 
available. 

t The failure to total 100% is due to the fact that the combustion data do not exactly tally. The 
contraction in the combustion is always rather less than would be expected on the basis of the given 
composition (in terms of CH, and H,). This seems not to be due to error but rather to some other 
products, ¢.g., other hydrocarbons, which mask the analyses. 
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Fig. 3 exhibits (a) the relationship between the press. of ZnMe, and QO, in a vessel 4-5 cm. in 
diam. at three temps., and (b) the same relationship in two different vessels at the same temp. 
It is clear from Fig. 3 that increase in temp. diminishes the limiting pressures for the explosion. 
The quant. significance of this is discussed below. 
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For the purpose of constructing some mechanism for the process, it was interesting to discover 
the precise relationship between the press. of ZnMe, and of O, in a given vessel at a given temp. 
The data are summarised in Table III. 


TABLE III. 
p, = Pressure of ZnMe,, mm.; p, = pressure of O,. 


A. Larger reaction vessel; 4°5 cm. internal diameter. 


Pr- P2- PiPs- Pi®hs Pr t+ Pe Pr P2- Pi: Pips. Pit Pe 
Temp. 0°. 
30 10 300 9000 40 20 18 360 7200 38 
28 11 308 8626 39 18°5 20 370 6845 38°5 
23 14 322 7405 37 18 27 486 8750 45 
Temp. 19°. 
20 4 80 1600 24 15 9 135 2025 24 
18 6 108 1944 24 14 10 140 1966 24 
17 7 119 2023 24 13 13 169 2197 26 
Temp. 100°. 
12 4°5 54 720 16°5 7 10 70 490 17 
10 6 60 600 16 6°5 11°5 74°5 486 18 
9 7 63 637 16 55 17°5 96 529 23 
B. Smaller reaction vessel; 2°4 cm. internal diameter; temp. 19°. 
30 3 90 2700 33 24 10°5 252 6048 34°5 
27 5 135 3645 32 21 15 315 6615 36 
26 7 182 4732 33 19 20 380 7220 39 
9 225 5634 34 17 40 680 11560 57 
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It is clear that although /,/, is not const. in a given vessel at any temp., yet p,?/, is fairly 
so except in the narrower vessel. ‘The remarkable fact is that the sum of the partial pressures 
of ZnMe, and O, is const. at any temp. in a given vessel. 

The addition of CO, affects the limiting pressures of ZnMe, and O, for the explosion. With 
a given press. of ZnMe, the lowest press. of O, for explosion is in general raised in the presence of 
inert gas. The curves exhibiting this relationship (Figs. 4 and 5) show that the effect is not 
uniform; at relatively low pressures of inert gas the O, limit is not much affected, but at a 
certain concn. of inert gas there is a rather sudden increase in this limit. 
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DISCUSSION. 


The processes involved in the reaction between dimethylzinc vapour and oxygen are 
very complicated. Although the following discussion affords a reasonable explanation of 
their general nature, it can only be regarded as preliminary pending further work. It is 
hoped that the systematic examination of the oxidation of the vapours of the series of 
metal and non-metal alkyls indicated on p. 746 will provide data for a more precise theory, 
which will disclose their individual similarities and differences. 

It is first important to notice that in the oxidation of dimethylzinc vapour under the 
conditions described above, the process consists, not in oxidation of alkyl groups, but in 
oxidation of the molecule as a whole, and in the “ explosion,’ a decomposition of the 
oxygenated product takes place, the products being carbon monoxide, methane, hydrogen, 
and zinc oxide. Aldehydes or carbon dioxide are not found in appreciable quantity. 

There are many peculiar features of the process. Perhaps the most striking is the 
extreme rapidity of the measurable oxidation. At all pressures, from those giving rise to 
instantaneous reaction down to the smallest which could be conveniently measured, the 
process was completed within ca. 2 minutes, the period of half change being as short as 
20 seconds. At the very small pressures involved, this corresponds to a very rapid process 
indeed. Attempts to retard the reaction by decrease of either pressure or temperature are 
frustrated—on the one hand, because a satisfactory measurement of the extremely low 
and rapidly changing pressures has not yet been devised (although one is now being con- 
sidered), and on the other, because the vapour pressure of dimethylzinc rapidly decreases 
below 0°; our measurements indicate, however, that in the vicinity of 0°, at least, the rate 
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is not much affected by temperature. Since the reaction velocity is approximately trebled 
over the range 0—100°, the energy of activation must be very low—of the order 3000 cals. 
The process is, however, probably highly exothermic. 

Characteristics of this kind suggest a similarity of the process to those involved in the 
so-called highly diluted flames of Polanyi and his co-workers (Polanyi, ““ Atomic Reactions,”’ 
London, 1932; Schay, “‘ Hochverdiinnte Flammen,”’ Fortschr. Chem. Physik, 1930, 21, 1). 
It might be argued that the measurable interaction of dimethylzinc and oxygen is a “ slow ”’ 
flame, and it is possible that further examination will reveal some connexion between the 
individual groups of phenomena. Nevertheless, the reaction under consideration seems a 
quite definite and measurable process: the curves exhibiting its course are precise and of 
the usual type, and the end-points are reproducible. 

Moreover, if the measurable process were simply a “ slow ’’ flame, it would be expected 
that increase in concentration of the reactants should accelerate the process uniformly up 
to the point of explosion. Whilst the oxygen concentration has no noticeable effect upon 
the reaction velocity, increase in that of dimethylzinc usually leads to increased rate, 
culminating in instantaneous reaction. At the same time it is possible under certain 
conditions (not entirely controllable) to convert a reaction rate which is by no means the 
highest amenable to measurement into instantaneous interaction by a very small pressure 
change of dimethylzinc. Thus the idea that with increasing concentrations of reactants the 
process gradually becomes non-isothermal is weakened. 

Apart from this, however, there are important reasons for believing that the measurable 
change is in principle to be differentiated from the explosive one. For example, although 
oxygen concentration has no noticeable influence upon the measurable rate, yet in general 
it facilitates the explosion, in the sense that a decrease in the dimethylzinc concentration 
below the explosion limit can be compensated by an increase in that of oxygen (Fig. 3). 
Further, although increase of temperature does not appreciably affect the velocity, yet it 
reduces the explosion limits (Fig. 3). The influence of the dimensions of the reaction 
vessel is somewhat uncertain; although the rate of the measurable process is not much 
affected by packing, yet the explosion is completely stopped in a vessel packed with glass 
wool. Decrease in the vessel diameter also displaces the explosion limit curve, Panicu 
plotted against fo,, to higher values of pressure. 

The function of added inert gas is perhaps the most striking. Argon and nitrogen 
have little influence upon the measurable interaction, but in the explosion they have a 
peculiar effect (see Figs. 4 and 5): for a given concentration of dimethylzinc, the critical 
oxygen pressure is at first not much affected by increasing addition of inert gas, but eventually 
a point is reached when the critical oxygen pressure very suddenly rises to high values. There 
is here a kind of “limit ’’ phenomenon. The high rate of reaction and the marked exo- 
thermic nature of the changes suggest the intervention of reaction chains; moreover, the 
final product, methylzinc methoxide, could only be produced in one stage by a ternary 
collision and at the pressures involved this is extremely unlikely. 

The theory of reaction chains (cf. Hinshelwood, “ Kinetics of Chemical Change,” 
Chap. 6) provides a general expression for the rate of a reaction of the form 

rate = f(c)/[f'(o) +f’"(s) + AL — @)] 
where f(c), f’(c), f(s) are functions of the reactant concentrations (c) or of surface (s), 
A is a constant, and « a measure of the probability that a chain shall branch. « varies 
with the pressure of the reactants, and f’(c) and /’’(s) involve processes of deactivation by 
gas or wall. So long as «<1, the expression has a finite value, which can either be large 
or small according to the relative values of f(c) and f’(c) + f’’(s). If «>1 there will be 
conditions such that the denominator of the above expression becomes zero and the rate 
infinite, 7.e., explosive. This change in « from <1 to >1 might occur with a minute 
alteration in pressure and if /’(c) + f’’(s) were very small, the slight change in « necessary 
would mean that the transition to explosion should be abrupt. Formally, therefore, we 
should expect to find two types of reaction chain; examples of both types have been 
described (Hinshelwood, of. cit.). The important result is that in the examples so far 
studied the conditions of temperature and pressure required for abrupt discontinuity 


a) 
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(limit phenomena) are not at all the same as those which give a conveniently rapid measur- 
able reaction : there is either a fairly rapid but measurable change tending to “ thermal ”’ 
ignition at higher pressures, or a very low reaction velocity which can pass suddenly into 
explosion. Nevertheless, there is no reason why, if f(c) is very large, a region of high but 
measurable reaction rate should not overlap one of “ branching chain ”’ explosion, and this 
seems to occur in the oxidation of dimethylzinc. 

The details of the process have still to be explained. At first, the low order, independ- 
ence of the rate of oxygen concentration, its very small temperature coefficient, and 
independence of added inert gases, suggested that the measurable reaction was a surface 
process. Against this supposition was the very slight effect of packing with glass-wool, 
and also the fact that the white nuclei of the product are first seen to form in the gas and 
then to separate slowly on to the walls of the vessel; moreover, the temperature coefficient 
is abnormally low. 

If reaction chains are involved, packing would retard the process if the active centres 
were destroyed on the walls. That this does not occur implies that the principal deactiv- 
ation is in the gas, and also that chains may be short. If by a suitable alteration in 
conditions, such as increase of dimethylzinc concentration above a certain value, « becomes 
greater than 1, then the chains may rapidly lengthen and the activation processes get out 
of hand as compared with those leading to chain stoppage. This will lead to inflammation. 

The effect of added inert gases suggests that they bring about the removal of active 
centres in some way, and at the appropriate pressure can become so effective as to reduce « 
below unity and convert an unstable state into a stable one. The inert gas does not lower, 
but raises the critical pressure of oxygen for a given dimethylzinc concentration, and 
cannot therefore, primarily at any rate, function in such a way as to prevent a diffusion of 
active centres to the walls where they may be destroyed (cf. Melville and Ludlam, Proc. 
Roy. Soc., 1931, 182, A, 108; Thompson, Hovde, and Cairns, this vol., p. 208; Melville, 
Trans. Faraday Soc., 1932, 28, 814). (Surface deactivation plays an insignificant réle in 
the measurable reaction where the chains are probably short, but with long chains it is 
more in evidence, and the vessel dimensions somewhat affect the limiting pressures.) 

It seems unlikely, however, that the inert gases simply take away excess energy from 
active products and “ cool’’ the mixture, for if this were so, argon should be slightly more 
effective than nitrogen or carbon dioxide, whereas the reverse is found. If nitrogen is 
effective by a physical process of any kind, oxygen also should possess this property to 
some degree : in the same way that nitrogen at a certain concentration suddenly inhibits 
the explosion, so we might expect oxygen to be effective, and there should be an “ upper ”’ 
limit in the pzacuy,-Po, graph, t.e., for any given pressure of dimethylzinc there should 
be both a lower and an upper limiting pressure of oxygen for explosion, higher pressures 
producing only a rapid reaction. The detection of this limit is difficult for experimental 
reasons, but the following experiment shows that it exists. 

Dimethylzinc vapour was sealed in small thin-walled tubes (of known volume) at 
different known pressures. A tube filled in this way was introduced into a spherical glass 
globe, which was then evacuated, filled with oxygen to a measured pressure, and the tube 
broken by shaking. The volumes were so arranged that the pressure of the dimethylzinc 
after the breaking was approximately 20 mm.—well above the ‘‘ minimum ”’ pressure for 
explosion at 18°. On breaking there was no flash or sign of explosion if the pressure of 
oxygen exceeded about 600 mm., but the white solid product was rapidly formed. 

The failure of inert gases to retard the measurable process is probably to be explained 
by the fact that the chains are short; and the independence of rate of oxygen concen- 
tration might be due to a compensation of deactivating processes by those leading to the 
production of the active centres. 

If it is assumed that the active agency in the chains is an oxygenated dimethylzinc, a 
series of elementary processes may be visualised which lead to the following value for the 
rate of the reaction : 

kyky[Zn(CHs)2}?[O9] 


rate = ka + hq + kglOo] + Rolo] — ak,|Zn(CHg)] oo Bk[Zn(CHg).0,]. 
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In the deduction of this expression it is assumed that dimethylzinc peroxide, ZnMe,0O,, 
is first formed in the gas; the question as to whether such a binary collision can be fruitful 
without the intervention of a third body is for the moment ignored, since in any case there 
will be a thermal equilibrium between dimethylzinc, oxygen, and the peroxide. The active 
centres are regarded as being deactivated by collision with oxygen or with nitrogen in the 
gas or on the vessel walls. Collision of the active centres with dimethylzinc leads to 
reaction and a propagation of the chain («); collision with each other also leads to products 
and probably chain propagation too (8). It may be that the collisions of the peroxide with 
dimethylzinc lead to methylzinc methoxide—the product of the slow reaction—whereas 
interaction of two peroxide molecules gives rise to the products of the explosion; the 
probability of collisions between the peroxide molecules will be small at the lower and 
only important at the higher pressures. 

The above expression, although it may not be complete, indicates the manner in which 
a limit phenomenon may arise. When, with increasing pressure, « or 8 or both attain the 
necessary value, the denominator may become zero and the rate infinite. The restoration 
of a finite rate by added inert gases is also explained. 

But there is a very important difficulty in this theory, viz., that the rate of the 
measurable reaction should be proportional to a power of the dimethylzinc concentration 
higher than the first, and it should also depend upon the oxygen concentration; this is 
not in conformity with our results (see p. 749). The following modification of the 
above hypothesis is therefore suggested. The active centres are indeed the peroxide 
molecules, but these are first formed by a collision of dimethylzinc with oxygen on the wall. 
It is becoming increasingly evident that such a process, in which reaction centres are 
formed at and then leave a surface, is common among chain reactions (Melville, Proc. Roy. 
Soc., 1932, 185, A, 315; Taylor, Chem. Rev., 1931, 9, 12). The relative adsorbabilities of 
the reactants on the wall will now become significant, and if the rate of the measurable 
reaction is determined largely by the rate of production of the active centres, subsequent 
processes being faster, it is possible to understand the apparent “‘ order ” of the process. 
Alternatively, if the rate of production of the peroxide molecules is constant, the reaction 
velocity will be proportional to the rate at which these collide with dimethylzinc, and hence 
proportional to the pressure of the latter. The rapid transition to explosion could still be 
explained as due to the production of branching chains when the concentration of peroxide 
becomes too big. 

This idea has the advantage that it explains the induction period, which would be the 
time essential for the establishment of adsorption equilibria; and it also suggests why the 
rate, at first abnormally small in a clean vessel, steadily rises to a constant value as the 
vessel becomes dirty. 

Many alternative theories have been considered, but none is so satisfactory. It does 
not seem possible to discard the idea of reaction chains in favour of a purely “ thermal ”’ 
process, for this would fail to interpret many of the facts; inert gases do not apparently 
function by virtue of their thermal conductivities alone ; moreover, in a reaction of such a 
low temperature coefficient, 7.e., low critical increment, it seems likely that increase of the 
reaction velocity steadily up to that required for ignition would involve an unusually 
large degree of local heating. In reactions of this kind, where solid products are formed, 
it is conceivable that nuclei are first formed in the gas and catalyse the process, and it 
would be reasonable to suppose that the dimethylzinc reacts with the solid nuclei; such a 
mechanism would explain some of the phenomena observed, but it involves considerable 
difficulties and does not appear to be applicable. 


SUMMARY. 


The oxidation of dimethylzinc vapour has been studied kinetically. At very low 
pressures there is an extremely rapid oxidation, methylzinc methoxide being the final 
product. Thus the process is not a simple oxidation of alkyl groups. At higher pressures 
an explosive decomposition of the oxygenated compounds occurs, the principal products in 
which are carbon monoxide, methane, and hydrogen. 
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The rate of the measurable reaction is independent of the oxygen concentration and 
proportional to that of dimethylzinc; it is unaffected by the addition of inert gases and 
only very slightly increased by increase in temperature. It is not much influenced by 
vessel dimensions. 

For the explosion, there is, if the dimethylzinc pressure is above a certain minimum, 
for any given pressure of dimethylzinc, a critical pressure of oxygen, and vice versa. The 
plot of dimethylzinc concentration against that of oxygen is displaced to lower values with 
increasing temperature, or with increase in diameter of the cylindrical reaction vessel. 
Inert gases affect the critical explosion pressures in a peculiar manner: for any given 
dimethylzinc concentration the requisite oxygen concentration is at first not much changed 
by the presence of the inert gas, but at higher concentrations of the diluent there is a 
rather sudden increase in the oxygen pressure needed for explosion. 

It is suggested that reaction chains are involved. These are formed when active 
centres of a peroxidic nature, formed on the surface, escape into the gas. Under certain 
conditions the chains may branch and the reaction velocity become infinite. Attention is 
drawn to the extreme rapidity of the measurable process and its possible analogies with the 
reactions occurring in the highly diluted flames studied by Polanyi and his co-workers. 
The possibility that solid nuclei play a part in reactions of this kind is mentioned but 
rejected for this reaction. 


THE OLp CHEMISTRY DEPARTMENT, 
UNIVERSITY MusEuUM, OXFORD. (Received, April 1st, 1933.] 





187. The Oxidation of Diethylzinc. 
By H. W. THompson and N. S. KELLAND., 


WITH the objects outlined in the preceding paper, the oxidation of diethylzinc has been 
studied. Since a more elaborate technique will be necessary to obtain fuller data, it seems 
desirable to summarise the results now available, especially as they throw further light upon 
the oxidation of dimethylzinc. 

This reaction is more difficult to investigate than that with dimethylzinc. The diethyl 
compound boils at a much higher temperature, and accordingly its vapour pressure at 
room temperature is too low for experimental purposes; the liquid therefore has to be 
warmed in order to introduce the vapour into the reaction vessel to the desired pressure, 
and this causes rapid attack on the grease lubricant employed in the taps. Phosphoric 
acid was unsatisfactory as lubricant, and it will be necessary to design an all-glass apparatus 
with some form of glass valves. 


The ZnEt, was supplied by Messrs. Harrington in sealed tubes, and the exptl. method was 
essentially as described in the foregoing paper. 

The oxidation of ZnEt, proceeds at about 50° at a measurable rate, although at higher 
pressures of ZnEt, the rate becomes so high that reaction proceeds as the O, is introduced, i.e., 
there is a type of explosion. This reaction is accompanied by a decrease in press. A sharp 
flash with expansion, such as was observed in the oxidation of ZnMe,, is never noticed. In the 
measurable reaction, the product is a white solid, and, in general, the press. decrease is approx. 
200% of the initial press. of ZnEt,, as the following table shows : 


Initial press., mm. Press. Press. Initial press.,mm. Press. Press. 
(a, de- change, as % —_—_—"" de- change, as % 
Temp. ZnEt,. O,. crease. ZnEt, press. Temp. ZnEty,. O,. crease. ZnEt, press. 
45° 5 45 9°0 180 65° 9 45 18°5 206 
58 10 38 20 200 65 12 51 25 208 
60 75 42 14 187 70 5 45 10 200 
60 8 37 14°5 178 70 7 42 12°5 179 


This result is in accord with either of the final products suggested by Frankland or by 
Meyer, viz., Zn(OEt), and ZnEt-O-OEt, respectively. It therefore appears that the product 
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is a type of peroxide ZnEt,O,, although its exact structural formula is indefinite. There is here 
a difference from the oxidation of ZnMe,, where the final product of the measurable reaction 
was ZnMe-OMe. 

The measurable reaction of ZnEt, with O, is followed by a very slow press. increase, only 
appreciable at higher temps.; this is probably due to the decomp. of the peroxide. 

Although the data are fragmentary, the measurable reaction appears to have an “ order ”’ 
of approx. unity with respect to ZnEt, and zero with respect to O,. It is preceded by an 
induction period. Measurement made over the range 45—70° indicate an energy of activation 
of the order 15,000—20,000 cals. 

As examples of the course of the reaction, the following two runs at 60° are given : 


‘ 


ZnEt,, 9 mm.; O,, 45 mm. ZnEt,, 12 mm.; O,, 51 mm. 
Time, Press. Time, Press. Time, Press. Time, Press. 
secs, decrease. secs, decrease. secs. decrease. secs. decrease. 

6 start 90 14 3 start 82 18°5 
8 1 120 15°5 5 1 105 20°5 
15 5 150 16 13 6 120 21°5 
25 8 180 16°5 19 8 145 22 
36 10 255 18 25 10 185 23°5 
58 12 540 18°5 35 13 250 24°5 
45 15 305 25 
60 17 480 25 


Although below certain pressures of ZnEt, the 200% press. decrease described above occurs, 
yet with higher initial pressures the press. decrease on adding O, is much diminished. Investig- 
ation by introduction of a known press. of O, (as described on p. 754 of preceding paper) showed 
that when addition was complete the total press. in the reaction vessel was less than the sum of 
the individual pressures. It appears that above a certain concn. of -ZnEt, the reaction is so 
rapid that it is almost completed as the O, is introduced. The important point is that no 
increase of press. corresponding to that in the “‘ explosion’ of ZnMe, with O, occurs. There is’ 
apparently no explosive decomp. of the primary products. 


Discussion.—A discussion of the above data in relation to the oxidation of dimethylzinc 
is interesting. Diethylzinc appears to react with oxygen directly, the resulting peroxide 
being stable and constituting the final product. The nature of the process and its “‘ order ”’ 
suggest that it occurs largely on the vessel walls. If active peroxide molecules escape into 
the gas, they do not react further with diethylzinc, 7.e., chains are not set up in the gas. 
This may explain why the process is slower than that with dimethylzinc. The latter 
process was largely determined by chains in the gas, and had a small heat of activation ; 
the present reaction has a much higher energy of activation. The absence of reaction 
chains in the gas may explain the failure to observe explosion phenomena leading to 
decomposition of the primary products. 

It is of interest that the literature records a decrease in “‘ explosibility ’’ of alkylzincs 
as the number of carbon atoms in the alkyl radical increases. 


SUMMARY. 


The product of the oxidation of diethylzinc is a solid of formula Zn(C,H;),0,. The 
process appears to occur largely on the vessel walls, has a “ total’’ order of approximately 
unity, and an energy of activation of 15,000—20,000 cals. The peroxide does not 
apparently set up reaction chains in the gas, in contrast with the mechanism in the oxid- 
ation of dimethylzinc. Explosion phenomena of the type observed in the latter case are 
absent here. 


We thank the Chemical Society for a grant. 


THE OLD CHEMISTRY DEPARTMENT, 
UNIVERSITY MUSEUM, OXFORD. [Received, May 4th, 1933.] 
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188. Explosions of Methane and Air: Propagation through a Restricted 
Tube. 


By H. Rosinson and R. V. WHEELER. 





































Mason and WHEELER (J., 1920, 117, 47) observed that during explosions of methane and 
air in a steel tube 90 m. long and 30-5 cm. in diameter, open at both ends and restricted 
at two points by thin steel rings which reduced the diameter to 28-6 cm., combustion of an 
intensity comparable with that in the detonation wave seemed imminent. Chapman and 
Wheeler (J., 1926, 2139) studied closely the effect on the propagation of flame, in mixtures 
of methane and air, of restrictions in a brass tube 240 cm. long and 5 cm. in diameter. The 
maximum speed observed was 420 m./sec., obtained after the flame in a mixture con- 
taining 9-75%, of methane had passed through 12 restricting rings each reducing the diameter 
of the tube to 2-5 cm. and set at intervals of 5 cm. 


We have extended this work by experiments in a steel tube 32-3 m. long and 30-5 cm. in 
diameter, open at both ends, fitted with a series of 11 restricting rings at intervals of 30-5 cm., 
each reducing the diameter to 10-2 cm. The first ring was 13-4 m. from the end at which 
ignition was effected. 

The tube was built up from flanged sections mounted horizontally on concrete piers. One 
section contained the eleven restricting rings, which were mounted together on a rigid frame. 

An explosive mixture (9-8—10-0% CH, in air) was prepared by measuring through a meter 
into the tube the required quantity of methane, obtained from a natural source, and circulating 
the whole of the contents of the tube, by means of a fan installed in a by-pass main, during 
40 minutes. During this operation, the flanged ends of the tube were closed by steel blanks 
which, when greased, made gas-tight covers. 

Immediately before ignition of the mixture, both blanks were released by electromagnetic 
devices which allowed them to fall clear of the ends of the tube. Ignition was effected by 
passing an electric current, sufficient to cause fusion, through a strand of fine copper wire 
stretched across the tube 0-6 m. from the end. 

Photographic records on a revolving drum were obtained, through a series of small windows 
in the tube, of the movements of the flame as it passed through the restricted portion of the tube ; 
but most attention was directed to measurements of the speed attained in the later unrestricted 
portion, 15-8 m. long, for it seemed possible, from Chapman and Wheeler’s experiments (loc. cit., 
p. 2144), that a constant high speed might be maintained. 

For some of the experiments the windows were 1-25 cm. in diameter and 2-5 cm. apart. 
They were covered by a ribbon of transparent “‘ cellophane ”’ held in position by long strips of 
steel with rubber gaskets. The cellophane was tough and only on rare occasions was it ruptured 
by the force of the explosion. 

In the first series of experiments, the camera had a field of view of 2-4m., and successive 
lengths of the tube were photographed, each slightly overlapping the next, so that a com- 
posite was obtained. The revolving film received light from 96 windows, and the photograph 
consisted of that number of dark bands alternating with light bands of the same width (see 
Plate I). In other experiments, in which 15-8 m. of the tube were photographed at once, the 
windows were 2-5 cm. in diameter and 0-61 m. apart; the camera was at a distance of 32 m. 
from the tube and the experiments were carried out at night. 

Propagation of Flame through the Restricted Zone.—No measurements were made of the speed 
of the flame between the point of ignition (one end of the tube) and the first restricting ring. 
From earlier work (see Mason and Wheeler, /oc. cit.) it is known that the initial speed was slow 
(about 2 m./sec.) and nearly uniform. Soon after entering the restricted zone, however, the 
flame attained a high speed and its progress was signalised by a sharp report similar to that 
accompanying detonation. The mean speeds of the flames between successive restricting rings, 
as determined in 5 typical experiments, are recorded in Table I. In general, the flame was not 
of sufficiently high actinic value to be photographed on a revolving film until it had passed 
the fourth restriction. 

The reason why the speed of the flame is increased so rapidly within the restricted zone of 
the tube can be understood if each pair of restrictions is regarded as forming a chamber, com- 
munication between successive chambers being through an orifice the area of which is small 
(one-ninth) compared with the cross-sectional area of the partition. The propagation of 
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Propagation through a Restricted Tube. 













































TABLE I. 
Explosions of Methane and Air through a Restricted Tube. 
Between Mean speed, m./sec. 
restrictions Average 
Nos. (1). (2). (3). (4). (5). values. 
2— 3 — _— 174 — —_— 174 
3— 4 --- — 204 — — 204 
4— 5 218 272 266 222 216 239 
5— 6 290 289 298 287 281 289 
f6— 7 396 383 376 365 366 377 
\6— 7 326 — 325 407 343 350 
7— 8 403 —_— 373 417 359 388 
8— 9 432 355 402 402 410 401 
9—10 453 412 395 422 436 423 
10—11 471 431 448 444 447 a 
10—11 442 441 454 466 469 454 


flame up to the restricted zone proceeds slowly and smoothly so that, at the moment when the 
flame passes into the first ‘‘ chamber,’’ the mixture within the series of chambers is quiescent. 
As soon as the mixture within the first chamber is inflamed, however, the conditions of com- 
bustion suddenly change: whereas formerly they approximated to those of the ‘‘ uniform 
movement,” they now approach those of explosion in a closed cylinder. Release of pressure 
from the first chamber not only produces turbulence of the mixture in the successive chambers, 
but launches a tongue of flame through it, so that the area of the flame surface is much increased 
and combustion therefore becomes rapid and violent. 

A study of the photographic records (e.g., Fig. 1) fails to reveal any discontinuity in the 
combustion within the restricted zone, or any sudden increment in speed of the flame such as 
occurs when the detonation wave is initiated. On the contrary, the acceleration in the speed 
of the flame from about 2 to 450 m./sec., although it occurs within 0-01 sec., is smooth and - 
continuous. 

Propagation of Flame Beyond the Restricted Zone.—The speed over the last 15-8 m., as shown 
by photographs of each 2-4 m. length in successive experiments, was not constant but steadily 
decreased, from 450 m./sec., as the flame left the restricted zone, to 300 m./sec. at a distance 
of 5m. After remaining nearly constant over a short distance, it gradually increased again 
until it attained 600 m. /sec. as the flame approached the open end of the tube. 

Many of the records, one of which is reproduced in Fig. 2, show reflected compression waves 
traversing the flame front and the burning gases behind it. A strong compression wave is 
produced on the sudden combustion of the mixture within the restricted zone, and travels 
ahead of the flame. Ata point 3-6 m. from the open end of the tube, a slight obstruction (due 
to an imperfectly aligned flange) presented a reflecting surface. The reflected wave recorded 
in Fig. 2 (accentuated by broken line) has a speed of 700 m./sec. . 

The variations in speed of the flame beyond the restricted zone are well shown by the record 
reproduced in Fig. 3, obtained from a single photograph of the final 15-8 m., whilst Fig. 4 
shows a record of reflected waves. The latter photograph is of an experiment in which the 
far end of the tube was partly obstructed. The wave reflected from the obstruction has met 
the flame front at a point 13-4 m. from the last restricting ring (No. 11), checking the flame and 
causing increased luminosity of the burning gases behind the flame front as it travels through 
them. On meeting restricting ring No. 11, the wave is reflected back again. 


Discussion of Results.—It is clear from these records that, despite the high speed at 
which the flame travelled after it had passed through the restricted zone, a constant 
régime comparable with that of the detonation-wave was not established. 

The luminosity observed immediately beyond the restricted zone is probably not that 
of flame “‘ propagated ”’ in the usual manner, but rather that of a tongue of flame, a metre 
or more in length, projected through the final restricting ring. Such a projected flame 
would be expected to have a high initial speed, which would gradually decrease as the 
pressure within the restricted zone obtained release. 

The propagation of flame further beyond the restricted zone (as recorded photo- 
graphically) would then be from the tip of the projected tongue of flame centrally along the 
tube, whilst from every part of the surface of this tongue flame would propagate towards 
the wall. The pressure in this part of the tube, which would be behind the flame front 
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proper, would therefore increase rapidly and cause a bodily movement of the column of 
unburnt mixture towards the open end of the tube. So long as the pressure behind the 
flame front continued to increase, the speed of movement of the column of unburnt mixture 
would increase and the flame would thus travel in a medium which was itself moving at an 


increasing speed. 


This work forms part of researches carried out for the Safety in Mines Research Board, to 
whom our thanks are due for permission to publish the results. 


SAFETY IN MINES RESEARCH STATION, BUXTON. [Received, April 13th, 1933.] 





189. The Influence of Solvents and of Other Factors on the Rotation of 
Optically Active Compounds. Part XXXI. The Rotation Dispersion 
of the Nitrobenzyl Tartrates. 

By T. S. Patterson and Davip McCREATH. 


IN earlier papers of this series, it has been suggested that if the rotation of tartaric acid or 
its derivatives could be examined over a sufficient range, the temperature-rotation curves 
for different colours of light would show a number of maxima and minima in the manner 
represented in Fig. 1c inset, and that other active compounds appear to behave in a similar 
fashion. 

In continuance of this investigation, we have compared the rotations of the three 
nitrobenzyl esters of d-tartaric acid under different conditions. Their acetyl and benzoyl 
derivatives are not easily soluble in convenient organic media, and were generally examined 
in pyridine, quinoline, and nitromethane; the melting points of these derivatives being a 
little high, we have not examined the substances in the homogeneous condition. 

m-Nitrobenzyl d-Tartrate and its Derivatives.—The data for these three compounds are 
given on p. 765 and are represented by the graphs in Fig. 1A, where the behaviour for green 
light only is shown, that for other colours being sufficiently indicated by the inset diagram. 

The rotation of m-nitrobenzyl d-tartrate * is much the same for mercury green light 
in pyridine (pf = 2-76), and in quinoline (p = 1-56, graphs 1 and 2), but, as the temper- 
ature rises, it diminishes slightly from + 73-5° and 77° respectively at 0°, to + 55° and 
53-5° at 90°, the diminution being a little more rapid in pyridine than in quinoline. The 
family of 7—R curves is very similar in the two cases, and closely resembles the general 
curves Fig. lc in the region 7k, all the graphs being convex to the point of origin of the 
diagram, but they are apparently approaching a minimum value. In nitromethane 
(p = 1-39, graph 7), a minimum does actually appear; the general curves of Fig. lc are 
shifted so far to the left that the region klm has come into view. This minimum moves to 
a lower temperature as the wave-length of the light decreases. 

The diacetyl derivative, at the ordinary temperature, has a considerably higher rotation 
in quinoline (/ = 1-48, graph 4) than has the parent substance, and the rotation diminishes, 
also much more rapidly, from 174° at 0°, to 82-5° at 90°. The influence of pyridine (¢ = 
1-66, graph 3) is of like character, but less marked; the rotation diminishes from 77° at 
zero, to 38° at 90°. The dibenzoyl derivative shows a similar behaviour in an exaggerated 
fashion, the rotation faliing from 322° at zero to 87-4° at 90° in quinoline (# = 1-47, graph 
6), and in pyridine (/ = 1-63, graph 5) from 148° at zero to 26-5° at 90°. The family of 
T-R curves for the diacetyl and the dibenzoyl derivative, in both pyridine and quinoline, 
appears to belong to the region 7k of the general curves, but pyridine displaces the graph 
more towards the left, so that, in it, the minimum is a little more nearly approached. 

p-Nitrobenzyl d-Tarirate and its Derivatives.—The general behaviour of these compounds 
is of a very similar character, but with slight variations. The rotations of the parent 
ester in quinoline (p = 4-213, Fig. 1B, graph 2) and in pyridine (f = 2-205, graph 1) lie 

* This ester was first prepared by Miss Isabella S. Caldwell, who also made some measurements 
of its rotation dispersion. 
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fairly close, but not quite so close, together; the corresponding graphs (4 and 3) for the 
diacetyl derivative are depressed and do not intersect, whilst those for the dibenzoyl 


derivative (graphs 6 and 5) are raised and rather more separated from each other. 


various families of graphs appear 
to correspond to much the same 
region, 7k, of the general curves 
of Fig. lc, but, also as before, 
pyridine appears to displace the 
T-R curves as a whole more 
towards the left. The parent 
ester was too little soluble in 
nitromethane to permit of 
examination. Its behaviour, 
therefore, cannot be compared 
with that of m-nitrobenzyl 
d-tartrate in this solvent. 

In all these cases the families 
of graphs suggest a minimum 
similar to that shown in Fig. Ic, 
at 7. Further, the graphs of any 
one family show no tendency to 
cut each other, and therefore 
give no definite indication of 
anomalous dispersion in this 
region. 

0-Nitrobenzyl d-Tartrate and 
its Derivatives.— These esters 
proved to be of special interest, 
since, although they exhibited 
features similar to some already 
recorded, they also presented a 
behaviour not hitherto observed 
in the tartrates. The relevant 
graphs are shown in Figs. 2, 3, 
and 4, where the 7—R curves for 
all the colours of light used are 
reproduced, since the evidential 
value of a family of curves is 
much greater than that of a 
single curve. 

The rotational behaviour of 
the simple ester o-nitrobenzyl 
d-tartrate, Fig. 2, in pyridine 
(f = 1-62) is shown in the upper- 
most group of curves (thin lines). 
It is to be noticed that, (1) the 
sequence of the rotations is in 
the normal order, violet greatest 
and red least; (2) the v curve 
exhibits a maximum in the 
neighbourhood of a temperature 
of 25°, there being, perhaps, a 
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Fic. 1B.—Temperature-rotation curves for p-nitrobenzyl d- 
tartrate and derivatives in various solvents. (Graph 4, in quinoline, 

= 1°55.) 

Fic. 1a.—Temperature-rotation curves for m-nitrobenzyl d- 
tartrate and derivatives in various solvents. (Graph 1, in pyridine, 
p = 2°76. Graph 2, in quinoline, p = 1°56.) 


slight shift of this maximum towards a lower temperature as the wave-length of the light 


increases. 


In quinoline (thick lines) the behaviour is similar, but the maximum occurs at a some- 
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what higher temperature, viz., in the neighbourhood of 35°. The temperature at which 
the maximum rotation occurs does not alter much with change of wave-length. 

In nitromethane the rotation is less, and the trend of the graphs suggests 4 maximum 
at some high temperature, probably ca. 150°. At the same time there is much less separ- 
ation (dispersion) of the curves. The curvature, as in the two previous cases, is concave 
to the point of origin of the diagram. 

In general, the maximum in the 7-R curves for different solvents occurs at lower tem- 
peratures as its value increases, much as in ethyl tartrate itself (J., 1908, 93, 1844; 1913, 
103, 148). 

The uppermost set of curves for the diacetyl derivative (Fig. 3) represents the influence 
of quinoline, and the general behaviour is apparently similar to that of the m- and #-esters 

: in this solvent. The graphs, which 
vigrtgll _ are widely separated at low temper- 
Temperature-rotation curves for o-nitrobenzyl d-tartrate in atures, approach one another gradu- 


various solvents. . 
ally in such a way as to suggest a 




















: minimum rotation at a moderately 

- high temperature. 
v Nein pyridine, p-16Z "h iiien, which, as a rule, has 
+100° -+| avery similar influence to quinoline, 
y “ quite a different behaviour is ob- 
ee ay served, the form of the curves being 
* reversed. The rotation rises with 
- b S/n quinoline, p ee increase of temperature, in such a 
y See a way as to display a perfectly distinct 
8 region of anomalous dispersion. The 
. aS Hs sets of curves for this ester in 
eS ES, ie ethylene bromide and in _nitro- 
& +50" a o- -+ methane are very similar to each 
S eB Sx 7 other and to those in pyridine; 
[Oey pyridine having the least, nitro- 
pape ne Th mon 2@/¥} methane the greatest, depressing 
influence. In the diagram, which 





+25° would otherwise be very confused, 
only the lines for green and violet in 
nitromethane and ethylene bromide 


are shown; they suffice to give an 
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—®@—  /n nitromethane, p-139 
it 











' = . a idea of the depression. These curves 
0 25 Tem dl ent sd are certainly similar to those for 
“ ethyl tartrate (J., 1916, 109, 1145) 


and, taken in pairs, would appear to intersect one another as nearly at the same rotation 
values as can reasonably be expected. For instance, the graphs for ) and 7 in homogeneous 
ethyl tartrate intersect at a specific rotation of 8-1° whilst those for the same colours for 
o-nitrobenzyl diacetyl-d-tartrate intersect at 12°; those for g and b in the former intersect 
at 11°, and in the latter at 14-5°. 

Owing to the physical properties of the ester (see p. 767), it is difficult to correlate its 
behaviour in pyridine with that in quinoline. We therefore attempted to trace the relation- 
ship between the two sets of graphs by examining the rotation of the ester in mixtures of 
pyridine and quinoline, with the object of following the manner of change-over from the 
one shape into the other. Ina solvent containing approximately two parts of pyridine to 
one of quinoline (Mixture I), the graphs—also shown in Fig. 3—were obtained: the rate 
of increase of rotation for violet with rise in temperature is distinctly slower than in pyridine 
itself, whilst, on the other hand, for yellow and green light, the rotation diminishes. Ina 
solution containing approximately equal quantities of quinoline and pyridine (Mixture I), 
the graph for violet lies wholly above that for green and yellow, and its shape suggests a 
maximum towards the left of the diagram. We consider this to indicate that if the graphs 
representing the behaviour of this ester in quinoline were extended towards the left of the 
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diagram, they would reach maximum values and then diminish to show a region of anomal- 
ous dispersion, analogous, at least, to that produced by pyridine, nitromethane, and ethyl- 
ene bromide. And conversely, if the pyridine graphs could be extended towards the right 
of the diagram, they would reach maximum values—for 7, this was actually observed— 
and then diminish similarly to those for quinoline, but of course in a much less pronounced 
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Fic. 3.—Temperature-rotation curves for o-nitrobenzyl diacetyl-d-tartrate in various solvents. 
Fic. 4.—Temperature-rotation curves for o-nitrobenzyl dibenzoyl-d-tartrate in various solvents. 


degree; or, in other words, the curves for quinoline correspond to the region Aik of Fig. 
Ic, and those for the other three solvents to the region efg. 

The behaviour of the dibenzoyl ester (Fig. 4) is similar in pyridine (p = 1-55, heavy 
lines), ethylene bromide (p = 0-66, the lowest set of light lines), and in nitromethane (6 = 
1-53, broken lines). The rotations are almost entirely negative, and, of the three solvents, 
nitromethane has the greatest depressing effect. In all three cases minima are evident in 
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the 7-R curves, their positions occurring at different temperatures for different colours of 
light, moving towards a lower temperature as the wave-length diminishes. The whole 
family of graphs appears to be displaced to about an equal extent towards the left in pyrid- 
ine and in ethylene bromide, but less than in nitromethane. The graphs thus appear to 
correspond to the region xyz of Fig. 1c, and to be analogous to those for ethyl dibenzoyl- 
tartrate (Frankland and Wharton, J., 1896, 69, 1583), and for zsobutyl dibenzoyltartrate 
(Proc. Roy. Soc. Edin., 1918—19, 39, 26). In the present case, however, especially in 
pyridine and in ethylene bromide, there is a marked increase of rotation towards the left 
of the diagram, so much so that, in pyridine, for the least refrangible colours, the rotation 
just becomes positive. 

The data obtained for this ester in quinoline (Fig. 4, upper set of light lines) are of 
special interest, and strengthen the inference just drawn. At higher temperatures the 
sequence of the rotations is the same as that shown in the other solvents examined, but 
even at as high a temperature as 90° the rotation for the least refrangible colours has become 
positive. With falling temperature the rotation increases in such a way that the different 
graphs cut, successively, the axes of zero rotation, and then intersect one another so as 
to produce a well-marked region of visibly anomalous rotation dispersion, and at a 
temperature of zero the sequence of the rotations is the opposite to that which holds 
at 100°. This set of curves, therefore, has the appearance that might be expected on 
extrapolating those in ethylene bromide and in pyridine towards the left. It seems 
clear that towards the right of the diagram the graphs for quinoline are tending 
towards a minimum value, and there is a slight indication of inflexion in the curves 
towards the left of the diagram, which suggests that they are rising there towards 
another maximum. 

It is noticeable that this region of visibly anomalous dispersion is of a different character 
from that observed in ethyl tartrate and other similar simple esters. In the latter, with 
increase of temperature, the rotation increases in passing through the anomalous region, and 
in the former it decreases. We therefore feel justified in suggesting the extension of the 
general temperature-rotation curves for the tartrates, shown in the inset diagram of Fig. 4. 
If such curves for any single tartrate could be examined over a sufficiently wide range of 
temperature, it seems probable that there would be at low temperatures a region of visibly 
anomalous dispersion s/wv, succeeded by a low-value minimum xyz, proceeding at higher tem- 
peratures to another region of visibly anomalous dispersion, defg, which is actually exhibited 
by ethyl tartrate, etc., and then to a maximum rotation, ghi, followed by a minimum, kim, 
without intersection * of the graphs, rising again to another maximum value. Hitherto, 
no compound has been found exhibiting two such regions of visibly anomalous dispersion, 
within the range of ordinarily attainable temperatures ; the nearest approach to it hitherto 
recorded being that observed for certain solutions of malic acid in the presence of sodium 
molybdate (Patterson and Buchanan, J., 1928, 3011). 

In recent parts of this series of investigations, stress has been laid on the usefulness of 
the characteristic diagram of Armstrong and Walker, in correlating optical rotation data. 
It has been pointed out, however (J., 1916, 109, 1197; Proc. Roy. Soc. Edin., loc. cit.), 
that, in the region of a maximum or a minimum, the characteristic diagram can be of little 
use since, in general, the 7—R curves for different colours of light reach their maximum or 
minimum values at different temperatures; and further, that a characteristic diagram 
for the region abcdefg of the general curves of Fig. 44 would probably or possibly not 
be the same as one for the region Aiki. The data presented in this paper belong 
largely to regions of maxima and minima and also, we consider, to widely separated 
regions of the general curves, so that characteristic diagrams could not be expected 
to correlate them. It seems therefore unnecessary at present to enter into a discussion 

of the matter. 


* It seems possible that if the rotation in the neighbourhood of this minimum could be sufficiently 
depressed by some solvent, the different graphs might intersect in such a way as to produce two regions 
of visibly anomalous dispersion, one on each side of the minimum. 
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EXPERIMENTAL. 
The colours of light used were as follows : 
73. Yo. y- g. b. 
TR nicateasniinniens 6716 6234 5790 5461 4916 
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v. 
4358 


m-Nitrobenzyl d-Tartrate——This ester was prepared by heating a mixture of tartaric acid 


(11 g.) and m-nitrobenzy] alcohol (32 g.) in a current of dry air to 140° for 15 hours. 


The result- 


ing syrup was dissolved in methyl alcohol and set aside for several days; the ester, which gradu- 
ally separated, was repeatedly recrystallised from methyl alcohol, and obtained as small, white, 
hard crystals, m. p. 119°; yield 50% (Found: N, 6-72. C,,H,,0,)>N, requires N, 6-67%). 


m-Nitrobenzyl d-tartrate in pyridine, p = 2-761. 


zt. d, [ar [a], [a]y. [a]y. [a]. 

0° 1-01 * +48°54° +57-06° +66°68° +76°95° +97:97° 
14 0°9968 45°97 54°23 63°72 72°73 91°83 
37 0°9745 42-90 49°72 57°62 66°37 84°10 
59 0°9523 39°54 45°42 53°57 60°85 77°14 
88°25 0°9217 35°00 40°40 47°73 53°87 68°74 

m-Nitrobenzyl d-tartrate in quinoline, p = 1°56. 

0 11135* +47°31 +54°81 + 64°33 +73°50 +92°04 
16 1-101 45°39 51°77 60°95 70°17 88°65 
36 1-085 42°30 48°46 57°03 64°71 83°85 
65°5 1-062 38°69 43°49 51-99 58°99 75°09 
90 1-042 34°98 40°44 48°72 54°94 70°46 

m-Nitrobenzyl d-tartrate in nitromethane, p = 1°39. 

t. d. [a], [a]y. [a]s. [a]}-. 
18-5° 1-144 +13°69° +17:03° +18-09° +19°54° 
40 1114 12-72 17:07 18°11 20°50 
60°25 1-087 12°86 17°42 19°73 21°30 
76 1-065 13°60 17°95 20°73 25°89 


[a], 
+130°7° 
121-9 
113-0 
103°6 
92-1 


+-122-2 
118-2 
109°4 
103°3 
92°28 


* Density values marked by an asterisk, here and throughout, were obtained by extrapolation from 


the other data. 


m-Nitrobenzyl Diacetyl-d-tarivate—This was prepared from nitrobenzyl tartrate by the 
action of acetyl chloride, with the addition of a drop of pyridine; very fine white crystals, m. p. 


107°; yield 33:3% (Found: N, 5-64. C,,H,,0,.N, requires N, 5-55%). 
m-Nitrobenzyl diacetyl-d-tartrate in pyridine, p = 1-658. 


t d. [2]. [a], [al,. [a],. [a}p. 

0° 1-0055* +50°07° +56°33° +66°83° +77:09° +98°83° 
17°5 0°9888 42°82 49°00 58°87 67°04 85°33 
37 0°9694 38°78 43°12 51°81 57°65 74°59 
61°5 0°9448 32°65 36°24 41°51 48°89 62°66 
85°5 0°9194 — 30°88 35°02 40°19 — 

m-Nitrobenzyl1 diacetyl-d-tartrate in quinoline, p = 1-479. 

0 1-1122* — +124 +150°4 +1743 +230°8 
13°5 1-102 — 110°4 131-7 153°8 202°4 
35°5 1-084 — 92°74 109°9 128°3 170°0 
60 1-065 o= 76°45 89°7 106-0 139°8 
90 1-041 ~~ 63°30 70°7 81:3 107°5 


[a]p- 
+139°2° 
120°0 
104°7 
87:2 


+330°4 
291°8 
245°4 
200-0 
152°8 


m-Nitrobenzyl Dibenzoyl-d-tartvate.—Prepared by the action of benzoyl chloride on a pyridine 
solution of m-nitrobenzyl tartrate, this formed fine, felted, white needles, m. p. 109°; yield 


17% (Found: N, 4:41. C,,H,,0,.N, requires N, 4-46%). 
m-Nitrobenzyl dibenzoyl-d-tartrate in pyridine, p = 1°629. 


0 1:0075* +9428 +109°1 +1248 +147°9 +190°5 
19 0°9888 71°53 83°26 99°08 112°4 142-0 
37°5 0:9701 53°18 61°87 72°13 81°62 103°4 
55°5 0°9521 39°42 45°80 50°75 60°66 76°00 
72 0°9353 28°85 32°75 34°55 42°27 52°32 
89 0°9179 14-42 20°94 — 27°64 32°66 

m-Nitrobenzyl dibenzoyl-d-tartrate in quinoline, p = 1°468. 

0 1°1135* +197°0 +233°4 +277°5 +322°3 +426°1 
16°75 1-100 159°8 188-2 224°7 257°2 342°4 
35 1-085 123-9 147-0 174°6 202°8 265°7 
52 1-072 99°13 116°6 138°7 160°6 210°8 
72°5 1:055 74°47 86°6 103°7 118-0 154°6 
90 1-041 56°87 65:1 75°6 87°4 114°4 





+259°4 

192-1 

138°1 
99°93 
67°84 


+606°6 
486°5 
376°5 
297°5 
216°9 
158°9 
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p-Nitrobenzyl d-Tarirate.—By the action of p-nitrobenzyl bromide (23 g.) on sodium tartrate 
(12 g.) in aqueous alcohol (Reid, J.Amer. Chem. Soc., 1917, 39, 124), followed by recrystallisation 
from absolute alcohol until of constant rotation in pyridine, this ester was obtained as fine white 
crystals, m. p. 164-5°; yield 20%. 








































p-Nitrobenzyl d-tartrate in pyridine, p = 2°205. 


t d. [a),,. [a,y. [a]y. [al,. [a)s. [a).. 
° 0° 1-:0097* +61°15° +68°89° +83°14° +93°80° +121°5° a 
14 0°9956 54°50 64°30 78°54 89°54 114°1 +158°2° 
33 0°:9770 51°31 60°29 71°17 80°97 107°1 146°9 
55 0°9543 47°19 54°87 63°63 74°57 97°74 131-2 
73 0°9362* 44°25 50°58 60°87 70°57 88°06 122°6 
92 0°9168 41°57 46°62 56°69 62°77 83°75 110°6 


p-Nitrobenzyl d-tartrate in quinoline, p = 4°213. 


0 1°125* +70°57 + 83°22 +100°2 +1161 +150°3 +213°5 
17 1-108 64°36 76°15 91°22 106-4 137°7 194°6 
36°5 1-092 59°0 69°45 83°49 95°79 124°5 177°3 
59°25 1-074 52°62 61°42 74°04 85°61 111°3 156°1 
90°5 1049 45°71 53°25 63°43 73°16 93°9 135°2 


p-Nitrobenzyl Diacetyl-d-tartrate—When prepared as was the corresponding m-derivative, 
and purified by recrystallisation from absolute alcohol, this gave a 60% yield of fine, white 
crystals, m. p. 141-5 (Found: N, 5-64. C,,H,.0,,N, requires N, 5-56%). 


p-Nitrobenzyl diacetyl-d-tartrate in pyridine, p = 1°782. 


0 1:00675* +34°35 +39°08 +46°5 +52°84 +66°19 +86°28 
16°5 09913 30°91 35°19 42°03 46°82 58°92 76°90 
44 0°9642 26°69 29°52 — 38°43 48°98 63°65 
60°5 0°9471 23°10 26°36 _— 34°76 43°17 56°58 


p-Nitrobenzyl diacetyl-d-tartrate in quinoline, p = 1°552. 


0 1-1117* +71°15 + 82°54 + 99°02 +113°8 +149°6 +210°6 
14 1-101 62°09 74°37 88°39 102°1 132°3 184°6 
36 1-084 54°83 63°13 75°16 86°98 113°1 155°6 
58 1-067 46°72 54°41 63°08 73°65 97°07 132-0 
81 1-048 — 45°74 53°43 62-0 81°41 113-1 


p-Nitrobenzyl Dibenzoyl-d-tartrate—To p-nitrobenzyl d-tartrate (3 g.) dissolved in pyridine, 
excess benzoyl chloride (18 g.) was slowly added, with heating. After standing over-night, the 
reaction mixture was poured into water and gently warmed to decompose the excess benzoyl 
chloride. The benzene extract of this was washed with hydrochloric acid, water, then sodium 
carbonate solution. After drying over potassium carbonate, the benzene was distilled off and 
the residue recrystallised from aqueous alcohol; white flaky crystals, m. p. 114°; yield 55-7% 
(Found: N, 4-61. (C,,H,,0,,N, requires N, 4-46%). 


p-Nitrobenzyl dibenzoyl-d-tartrate in pyridine, p = 1-631. 


0 1-:008* +129°4 +161-0 +190°4 +224-0 +295°2 +425°'8 
17°5 0°9906 113°4 132°3 160°1 185°6 243°8 353°8 
33°5 0°9745 93°71 110-0 132°6 151°0 201°1 292°6 
53 0°9550 74°63 87°44 103-0 120°7 157°9 228°3 
68 0°9396 61°87 70°96 81°77 97°25 126°6 183°1 


p-Nitrobenzyl dibenzoyl-d-tartrate in quinoline, = 1°522. 


0 1°1125* +243°8 +289°4 +346°9 +405°8 +541°9 +792°7 
17°5 1-099 200°6 240°5 289°9 338°3 450°9 658-0 
35°75 1-085 168°1 192-4 235°5 275°9 367°7 537°1 
51°5 1-073 _ 164°9 199°1 230°5 307°7 447°8 
68°25 1-059 _— 136°7 162-9 190°7 253°9 368°4 
82°5 1-047 _— 113-2 134°7 155°8 209°1 303°7 


o-Nitrobenzyl d-Tartrate—A mixture of tartaric acid (10 g.) with excess of o-nitrobenzyl 
alcohol (30 g.) was heated in a current of dry hydrogen chloride to 110° for 8 hours. The 
product was repeatedly recrystallised from alcohol (charcoal at first); white, nacreous crystals, 
m. p. 131°; yield 50% (Found: N, 6-67. C,gH,,O,9N; requires N, 6-67%). 
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o-Nitrobenzyl d-tartrate in pyridine, p = 1°624. 


t. d. [a],,- [a]-,- [a]y- [a],- [a]s. 

0° 1-0085* — +-45°40° +54°25° +60°81° +76°54° 
20°5 0°9881 +39°68° 44°51 53°20 59°39 76°74 
40 0°9685 37°08 42-99 49°63 57°35 74:50 
63°75 0°9443 35°67 40°27 47°68 53°93 69-05 
76 0°9315 33°91 39°16 45°25 51°89 66°15 

o-Nitrobenzyl d-tartrate in quinoline, p = 1°35. 

0 1°1145* +30°12 +34°69 +40°93 +45°55 +58°29 
18 1-100 31°50 35°83 42°65 47°42 61°66 
39 1-083 31°63 36°98 43°38 48°99 62°84 
55 1-070 31°66 36°34 42°83 47°71 62°24 
73 1-056 — 35°46 41°43 46°04 59°80 
90 1-042 — — — 44°54 — 

o-Nitrobenzyl d-tartrate in nitromethane, p = 1°387. 

0 1-171* +13°05 +14:05 +15°97 +17°78 -++-21°67 
18 1-145 13°51 15°01 16°39 18°71 22°33 
37°5 1-118 13°58 14°91 16°93 18°66 23°46 
55°5 1-094 13°30 15°70 17°51 19°77 24°84 
70°5 1-073 14°16 16°14 17°99 19°96 24°88 
92 1-042 15°01 16°35 18°39 20°76 25°61 
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[a]e- 
+103-0° 
105-0 
102°8 
96°6 
92°9 


+88°76 
92°19 
92°76 
91°70 
90°28 


+25°60 
26°81 
29°43 
30°70 
31°73 
32°58 


o-Nitrobenzyl Diacetyl-d-tartrate.—The action of acetyl chloride on o-nitrobenzyl tartrate 
in pyridine afforded crystals of the monoacetyl derivative, m. p. 118—120° (Found: N, 6-16. 


CopH 1 ,0,,N, requires N, 6-05%). 


By the action of acetic anhydride with addition of a drop 


of concentrated sulphuric acid, the diacetyliarirate was obtained, m. p. 75°; it was purified by 
recrystallisation from methyl alcohol (Found: N, 5-6. C,,H,»0,.N, requires N, 5-56%). 


o-Nitrobenzyl diacetyl-d-tartrate in pyridine, p = 2°162, 


t. d. [a]y,- [a],- [a],. 
0° 1:0085* +10°61° +10°96° +10°64° 
16 0°9926 +10°98 +11°39 +11°7 
39°5 0°9690 + 12°27 +13°34 +13°49 
56°75 0°9517 +12°27 +13°58 +14°04 
69 0°9396 +12°03 +13°91 +14°31 
o-Nitrobenzyl diacetyl-d-tartrate in quinoline, p = 
0 1-114* +62°88 +74°59 -+84°26 
16°75 1-101 57°51 67°33 76°78 
39 1:083 49°63 . 59°40 66°53 
54 1°:071 45°06 53°13 60°46 
69°5 1-059 41°19 49°12 54°80 
84 1:047 37°42 44°39 50°05 


[a]s. 
+- 5°393° 
+ 7°894 
+10°71 
+13°03 
+13°94 


1°899. 
+106°5 
96°70 
83°39 
75°46 
68°50 
62°50 


o-Nitrobenzyl diacetyl-d-tartrate in pyridine—-quinoline mixtures. 


Mixture I (C,H,N : C,H,N = 22-1730 : 10-5907, 


[a]. 
— 15°46° 
9°06 
1°25 
+ 3°10 
+ 6°06 


+138°2 
123°6 
105°7 
95°7 
86°8 
78°9 


Mixture II (C;H,N : C,H,N = 22-4708 : 22-2395, 


by wt.), p= 1°986. by wt.), = 1°969. 
£. d. [a]. [al,. [a]y. t. d. [a]y- [a],- [a]e. 
0° 1:04* +24-47° +26-°08° -+-17°76° 0° 1:059* -+34:68° +37°17° +38°56° 
15°25 = 1026 23°59 25°77 18°78 15°5 1-045 32°23 35°91 38°19 
35 1-007 23°02 24°99 20°95 34°5 1:0275* 29°94 33°13 35°88 
49°25 0°9940 21°81 24:05 21°20 47 1-016 29°26 32°32 35°48 
63 0°9809 21°56 22°94 22°94 62°25 1:003 27°57 29°82 34°35 
78 0°9665 20°25 22°07 23°21 74°75 O0°9915 24°52 27°31 — 
o-Nitrobenzyl diacetyl-d-tartrate in nitromethane, p = 1°778. 
t. d. [a]y,- [a]y. [a]y. [a]o. [a]e. 
0° 1-1675* —0°722° — 2°378° — 4:395° — 13-06° —39°50° 
16 1-147 +1379 +1-042 — 1:165 — 8063 — 28°85 
43°5 1-11 +4°81 +4590 + 3°988 — 0°886 — 15°86 
65°5 1-08 +6866 +8:037 + 6°704 + 3°286 — 7:22 
90 1-0465* +8°90 +9°439 +10°21 + 8364 + 1°78 
o-Nitrobenzyl diacetyl-d-tartrate in ethylene bromide, p = 1°1. 
16 2°175 +0°941 —0°157 — 1:96 —8°778 — 26°96 
38 2°13 +2°188 +1361 +0°0800 —4°455 — 18°91 
58 2-089 +3°255 +3-038 +2°251 — 1-601 — 12-28 
79°5 2-044 +4366 +5°284 +4°449 +1°974 — 6°507 
100 1-999 +5°685 +5°772 +6°198 +4°691 — 0°995 
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o-Nitrobenzyl Dibenzoyl-d-tartrate.—Prepared as for the m- and p-isomerides, and repeatedly 
recrystallised from absolute alcohol, this formed fine, very slightly yellow crystals, m. p. 126-5— 
127°; yield 53-56% (Found: N, 4-62. C,,H,,0,,.N, requires N, 4-46%). 


o-Nitrobenzyl dibenzoyl-d-tartrate in pyridine, p = 1-551. 


d. [a]. [a}ry- [a]y- [a],. 
1-0085* +2°079° + 0°0800° — 2°159° — 6°60° 
0°9922 — 1-706 — 3°25 — 6°094 —11°5 
0°9696 — 5°53 — 7982 —12°6 — 16°34 
0°9519 —7°114 —10°21 — 14°95 — 20°03 
0°9328 — 8989 — 12°23 —17°24 —21°74 


o-Nitrobenzyl dibenzoyl-d-tartrate in quinoline, p = 1°457. 


[a]. 
— 62°48° 
— 66°67 
— 70°44 
— 69°95 
— 66°42 


[a]o. 
— 19°84° 
— 25°19 
— 30°56 
— 32°82 
—33°79 


1-114* +38°23 
1-100 +28°97 
1-084 +19°82 
1-069 +11°62 
1-054 + 6°545 
1038 + 0°909 


+43°81 
+33°34 
-+21°80 
+13°71 
+ 6°829 
+ 1°322 


+50°08 
+38°60 
+24°92 
+13°55 


+ 6°992 
— 00826 


+55°84 
+42°1& 
+26°22 
+14°63 
+ 6°504 
— 1529 


+65°24 
+46°51 
+28°04 
+13:71 
+ 2°521 


— 6°404 


o-Nitrobenzyl dibenzoyl-d-tartrate in nitromethane, p = 1°529. 


—8°818 
9°086 
9°683 

10°73 
11°51 
11°89 


1-1685* 
1-148 
1-119 
1-094 
1-069 
1-046 


— 11°82 
12°93 
12°86 
14:20 
15°94 
15°33 


— 16°87 
17°64 
17°65 
18°76 
19°01 
19°59 


— 23°34 
24°05 
24°30 
24°36 
25°43 
24:24 


— 41°82 
41°42 
41‘1l 
41°15 
39°61 
38°04 


o-Nitrobenzyl dibenzoyl-d-tartrate in ethylene bromide, p = 0°6546. 


—9°044 
2°137 11°57 
2-100* 12°74 
2-099 — 
2-065 14:06 


2°175 


— 12°86 
15°01 
16°28 
16°74 
18-06 


— 16°07 
18°63 
20°91 
21°88 
22°54 


—21°73 
24°35 
26°28 
27°06 
28°54 


— 35°60 
38°02 
39°42 


40°84 
40°61 


-+- 67°87 
+ 42°15 
+17°09 
+ 0°682 
— 12°36 
—23°18 


— 95°19 
91°16 
85°33 
81°83 
76°00 
72°76 


— 70°63 
73°23 
72°93 
72°43 
71-08 


2-024 14°47 


SUMMARY. 


An examination of the optical behaviour of the nitrobenzyl esters of tartaric acid, and 
their acetyl and benzoyl derivatives, has shown that the corresponding m- and p-derivatives 
behave in similar fashion in quinoline and pyridine, giving 7—R curves belonging to the 
region ik in Fig. 44. The o-derivatives, on the other hand, appear to belong to several 
different regions of the general curves, and, in particular, the dibenzoyl ester in quinoline 
solution exhibits a region and type of rotation dispersion not hitherto observed in the 


tartrates. 
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190. The Dielectric Constants of Some Organic Liquids. 
By SAMUEL SUGDEN. 


AT present, there are few absolute measurements of dielectric constant which have an 
accuracy of a few parts in a thousand; the most important are those of Hartshorn (Proc. 
Roy. Soc., 1929, A, 128, 664) on benzene, and of Ball (J., 1930, 570) on benzene, chloroform, 
benzonitrile, and nitrobenzene. The work described below was undertaken to confirm 
these measurements. Since Hartshorn and Ball both used a bridge method of measure- 
ment at audio-frequencies it seemed desirable to use some other method at higher fre- 
quencies. The simple resonance method at radio-frequencies was therefore used and 
found to be capable of sufficient accuracy and flexibility. 
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Method of Measurement.—The arrangement of apparatus is shown in Fig. 1. The valve 
V, generates oscillations whose frequency is determined by the capacity of the condenser C, 
and the inductance of the associated coil. Instead of the “‘ Dynatron ”’ oscillator shown, a 
magnetically coupled triode oscillator, and a triode oscillator controlled by a quartz crystal 
were also used. Both gave good results, but the dynatron was found to give as steady a fre- 
quency as the quartz oscillator and could readily be arranged to give a wide range of frequencies. 
With a triode oscillator a marked drift of frequency with time was found and the valve had to 
be run for an hour before the frequency was steady enough for measurements to be made. The 
dynatron gave a frequency which was independent of small changes in filament and anode 
voltages and showed no appreciable drift. A Mullard P.M. 12 valve was used for the dynatron 
circuit and gave sufficient amplitude of oscillations when the grid was connected to the positive 
end of the filament. To ensure steadiness, the anode and screening grid potentials were obtained 
from a 60-volt battery of accumulators. 

The oscillator valve and its associated apparatus were completely screened in an earthed 
tinned-iron box as shown by the broken line in Fig. 1. The resonance coil was also screened, and 
a light fixed coupling between the oscillator coil and the resonance coil provided by means of 
one or two turns of wire wound about 1 cm. from the end of each coil and connected as shown. 


Fic. 1, 
H.F.C., High-frequency choke ; Cy, Cy, Cg, 2 pF C3, 200 pF ; Cs, 100 pp F ; R, 100,000 ohms. 
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The resonance coil was tuned by the variable condensers C, and Cy; C4, was an inexpensive 
variable condenser used chiefly to adjust the position of resonance to a suitable point on the 
scale of the measuring condenser Cy. The latter was a standard laboratory pattern supplied by 
Messrs. H. W. Sullivan, of maximum capacity 1200 micro-microfarads (uwyF) ; it was fitted with 
a degree scale and vernier which could be read by a lens to 0-02°. The measuring condenser was 
calibrated by taking readings with a small fixed air condenser at various points on the scale ; 
its capacity was found to-be accurately a linear function of the scale reading between 40° and 
165°, and the corrections were determined outside these limits. 

The attainment of resonance was detected by means of the valve voltmeter V,. This con- 
sisted of an Osram H.L. 210 valve, the grid of which was biassed to — 3-0 volts through a resist- 
ance of 100,000 ohms. The alternating potential built up across a portion of the resonance coil 
was applied to the grid of this valve through a small fixed condenser and the resultant rectified 
anode current was measured by the microammeter G. This arrangement gave ample sensitivity, 
as an applied grid potential of 1-5 volts gave a full scale deflexion of the microammeter. The 
voltmeter was calibrated by applying known steady potentials between grid and filament; 
since the resistance of the microammeter (500 ohms) is small compared with the anode-filament 
resistance of the valve (ca. 30,000 ohms), this static characteristic could be used if necessary to 
convert microammeter readings into grid volts. 

The method of measurement used was to find two points on the measuring condenser which 
gave the same reading of the microammeter at some point on the steep part of the resonance 
curve. Switch S (Fig. 1) was then closed and a similar pair of points found on the new resonance 
curve. The mean of the second pair of condenser readings was subtracted from the mean of the 
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first pair to obtain the capacity of the experimental cell. This method of working gives very 
accurate readings because of the steep slope of the resonance curve; in most of the observations, 
the limit of accuracy was imposed, not by the setting of the microammeter, but by the reading 
of the measuring condenser, which might with advantage have had a more finely divided scale. 
The quantity measured by the thermionic voltmeter is the potential developed across the 
parallel condensers in the resonance circuit; hence the curve can be taken as accurately sym- 
metrical except very near the tip (see Moullin, ‘‘ Radio Frequency Measurements,” Griffin & 
Co., 1931, p. 373)... The mid-point of the curve is displaced very slightly from the true resonance 
capacity, but this introduces no error if the two resonances curves have the same shape. Liquids 
which possess appreciable conductivity give marked damping when the cell is placed in circuit ; 
by making the total capacity in circuit large, this damping can be considerably diminished, and 
it was found possible to make observations at frequencies of 100 kc. /sec. with liquids possessing a 
specific conductivity up to 10* mho. With the most conducting liquid used, the error 
introduced by the slight shift of the resonance curve was computed 
from Moullin’s equation to be less than 1 part in 2000 and can therefore 
be neglected. 

Design of the Experimental Cell.—The cells used were all of the 
type introduced by Sayce and Briscoe (J., 1925, 127, 315) and used 
later by Ball (loc. cit.), in which the liquid is placed between two films 
of silver deposited on concentric glass tubes. The pattern used is 

4 shown in Fig. 2; it differs from that of Sayce and Briscoe only in the 
arrangement for making contact with the inner silver layer. Several 
cells were made of sizes suitable for use with liquids of a range of 
dielectric constants. Those used in the final series of measurements 
had the following approximate capacities when filled with air : 


Cell. A. B. E. F. G, 
Air capacity, pp ..........cceeeeee 30 100 190 20 18 


The switch which puts the cell in and out of circuit consisted of a 
central glass tube, the lower half of which contained a copper wire that 
made contact with the inner silver film through a pool of mercury and 
a platinum wire sealed through the glass as shown in Fig. 2. The 
upper end of the copper wire passed through a small plug of sealing 
wax and was covered by a few drops of mercury into which dipped a 
fine wire leading to the high-potential terminal of the measuring 
condenser. The circuit was broken by raising this wire until the end 
was lcm. above the mercury. This arrangement allowed the position 
of the make-and-break to be adjusted to a suitable position with respect 
to the upper end of the silver layers (see p. 772). 

Some difficulty was experienced at first owing to a gradual disintegration of the silver films, 
which, in bad cases, became detached from the glass. The first symptom of this change was 
the appearance of white patches on the bright surface; these attained a considerable size before 
any measurable change was observed in the capacity of the cell. This difficulty was overcome 
by modifying the silvering solution. The process described below has given very durable 
films; one cell has survived 2 years without developing any blemishes and without any measur- 
able change in capacity. 

To 6 g. of silver nitrate in about 100 c.c. of water, aqueous ammonia was added until the 
precipitate redissolved; 70 c.c. of 3% sodium hydroxide solution were added (potassium hydr- 
oxide gives less stable films) and more ammonia until the solution was just clear; this solution 
was diluted to 500c.c. 8 G. of glucose in 150 c.c. of water and 0-5 c.c. of nitric acid were boiled 
for 2 minutes, cooled, and 150 c.c. of methylated spirit added. The cell was cleaned with a 
hot mixture of chromic and nitric acids, washed thoroughly with water, and finally rinsed with 
spirit. 10 Parts of the silver solution were mixed with 1 part of the glucose solution and poured 
into the cell through the tube b. After $ hour, a dense adherent film was formed. The spent 
solution was withdrawn through 8, and fresh solution introduced. After three such treatments 
the cell was thoroughly washed with water and dried bya current ofair. In subsequent cleaning 
operations, the cell was rinsed with benzene and dried by a current of air. The use of ether 
was avoided, as it attacked the silver film. Cells thus prepared showed very small damping 
when introduced into a resonant circuit; from the amount of damping the total resistance of 
the leads and the silver films was calculated to be less than 0-5 ohm. 


Fic. 2. 
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End and Lead Corrections.—The chief advantage of the Sayce-Briscoe type of cell lies 
in the fact that there is no solid dielectric between the silver plates and very little in the 
neighbourhood of their edges. The distance between the plates can also be made small 
compared with their linear dimensions, and, since the outer plate is earthed in the arrange- 
ment of apparatus shown in Fig. 1, it provides an almost complete screen. The cell thus 
approximates closely to an absolute condenser, i.e., one in which the capacity is strictly 
proportional to the dielectric constant of the liquid between the plates. There is, however, 
a small end effect to be evaluated, which is caused by the capacity of the upper end of the 
inner layer to earthed objects other than the outer film, and a second, rather smaller, error 
dependent on the position of the make-and-break. 

The end effect became evident when the capacity of a cell containing air was measured 
(a) remote from conductors and (b) immersed in an earthed water-bath. Condition (a) 
was realised by mounting the cell on a wooden stand and removing all conductors to a 
distance of more than 30 cm. from the upper end of the silver films. For cell B the change 
from (a) to (b) gave an increase in capacity of 0-62 uuF or about 0-6%. Following Ball 
(loc. cit.), an attempt was made to eliminate this effect by using a guard ring. A special 
cell C was constructed with the necessary extra platinum contact and, by careful silvering, 
a guard ring was deposited which approached to within 1-5 mm. of the main pair of plates. 
This cell showed, however, a difference in capacity of the same order of magnitude when 
measured under conditions (a) and (b). This behaviour becomes explicable when the 
dimensions of the cells are considered. The increase in capacity is equivalent to an increase 
in length of the cell of less than 1 mm.; also the distance between the silver films is about 
1 mm. Hence, a guard ring, to be effective, should approach to within 0-1 mm. of the 
main pair of films, and it is quite impracticable to construct such a guard ring using silver 
films. 

It is not sufficient to subtract the measured end effect with air as dielectric from ob- , 
servations on other dielectrics. The main part of the end effect must be the capacity of 
the upper end of the inner film to the water-bath through the cell contents and the outer 
glass tube, and thus involves a mixed dielectric. It should thus be proportional to 1/(d,/e, 
+ d,/e,), where d, is the thickness of the glass, ¢, its dielectric constant, and d, and ¢, the 
corresponding quantities for the fluid in the cell. For cell B, d, = 1-5 mm., d, = 1-1 mm., 
and if e, for glass be taken as 7, the end effect should vary as 1/(0-21 + 1-l/e,). Hence 
when chlorobenzene (¢ = 5-6) is substituted for air (¢ = 1) the end effect increases in the 
ratio of approx. 1:3. This increase was verified experimentally for benzene and chloro- 
benzene at room temperature. The end effect, or the part of it due to capacity to the 
water-bath, is therefore not proportional to the dielectric constant of the cell contents, nor 
is it independent of the cell contents. The latter result can, however, be attained by 
immersing the cell in a large bath of paraffin, which is itself immersed in the earthed water- 
bath. This reduces the capacity of the inner layer to the water, and makes the liquid in 
the cell a small fraction of the total dielectric. With a paraffin-bath 20 cm. in diameter, 
the capacity of cell B was found to be only 0-15 yuF higher than when measured remote 
from conductors. A rough calculation, treating the problem as one of a cylindrical con- 
denser with parallel layers of dielectrics, indicated that the effect should have been 0-05 pyF. 
The difference is not much larger than the error of measurement and is probably due to the 
capacity of the inner layer to other earthed conductors, e.g., stands and stirrers. Since the 
total end effect is now only 0-15% of the air capacity and must be nearly independent of the 
liquid in the cell, the value found for air can safely be subtracted from the readings found 
for other dielectrics. 

The lead correction was eliminated in the following manner. In Fig. 3, C represents 
the capacity it is desired to measure, c, that of the lead to the inner layer to earth down to 
the switch, and c, that of the inner lead below the switch to earth. If the switch is above 
the end of the silver film this will not be completely screened and c, will be appreciable. 
With the switch closed, the capacity of this system is C + c, + cg, and with the switch 
open the capacity in parallel with the measuring condenser is c,; hence the change in 
capacity on opening the switch is C +- c, and is too large. If the switch is in some position 
within the screen as at B, then the change in capacity on opening the switch is C — Cg, 
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where c, is the capacity of the portion of the lead within the screen to the inner film (since 
this is in series with the much larger capacity C). The value of cz depends chiefly upon 
the length of lead within the screen and cannot be eliminated by using very fine wire. The 
problem is that of a cylindrical condenser and cg should be given approximately in pyF 
by the expression //(1-8 loge 7,/r,), where /is the length of wire within the screen, 7, its radius, 
and 7, the radius of the inner silver film. For cell B and a 5-cm. length of No, 22 S.W.G. 
wire, 7, = 1-8 cm., 7, = 0-036 cm., and cs = 0-70 p»F. Ifa 5-cm. length of No. 46 S.W.G. 
wire is substituted (which is difficult to handle owing to its fragility), 7, — 0-003 cm. and 
Cz = 0-43 uzF. It is evident that the best position of the switch must be somewhere near 
the top of the silver films to eliminate this effect. The exact position will depend upon 
the stray capacities which determine c, and was therefore determined experimentally. 
A series of measurements was made on cell B in position in the thermostat in which the 
mercury surface of the switch was x cm. below the top of the silver films. The wire was 
moved to a point 1 cm. above the mercury surface to 
, ae F open the switch, since it was found that this distance 
—¢ A was sufficient to give negligible terminal capacity. 
ee / With thick and thin wires the following values were 
- found. 








0 1 cm, 2 cm. 
102-49 102°38 102°15 ppF 
102-44 102-41 102°36 pyF 


Cpe = 
No. 16 ~ 
NCS f= 
With x = ca. 1, the measured capacity is independent 
of the thickness of the wire; above and below this 
point, the thick wire gives capacities which are 
respectively larger and smaller, indicating that cy, is 
appreciable in the one position or that the major 
effect is due to c, in the other. In all subsequent 
measurements the switch was adjusted so that the 
mercury surface was 1 cm. below the top of the 
silver films; a lead of No. 40 S.W.G. wire was used 

as it is rather more easily handled than No. 46. 
Other important corrections, which depend upon 
CS the resistance of the cell, the inductance of the leads, 
and the frequency of the alternating current, are 


discussed in the appendix (p. 774) and were applied where necessary. 


Purification of Liquids.—Benzene. A.R. Reagent was frozen with stirring to produce small 
crystals, which were separated from mother-liquor on a Buchner funnel. This process was 
repeated 12 times, and the product then had constant f. p. 5-62° in the presence of phosphoric 
oxide ; D? 0-8739. Perkin (J., 1896, 69, 1191) found 0-8741 for benzene from calcium benzoate, 
and Tyrer (J., 1914, 105, 2534) 0-8735 for coal-tar benzene. The benzene was dried over 
phosphoric oxide, distilled, and stored over phosphoric oxide or sodium, from which it was 
decanted for measurement. 

Chlorobenzene. This was repeatedly fractionated. The main product boiled within less 
than 0-1°; it was dried over phosphoric oxide, and distilled immediately before measurement ; 
D® 1-1011, in good agreement with Perkin (1-1010) and Tyrer (1-1010). 

Ethylene dichloride. The technical quality was fractionated and gave a main fraction 
boiling within 0-1°. This was dried over phosphoric oxide and further fractionated; D?* 
1-2445, which is lower than those found by Perkin (1-2458) and Tyrer (1-2468). 

Acetophenone. This was frozen out until the ternary f. p. in contact with liquid water was 
constant to 0-2°. It was dried over calcium chloride and repeatedly distilled at 2 mm. to give a 
product of low conductivity (« = 2 x 107); D%® 1-0237 (Perkin, 1-0236). 

Benzonitrile. The liquid was repeatedly fractionated at atmospheric pressure in all-glass 
apparatus; it was thus readily brought to low conductivity (« = 1 x 10~’) and constant b. p.; 
D? 1-0006 (Perkin, 1-0007). 

Nitrobenzene. This was steam-distilled and repeatedly frozen till the f. p. became constant 
at 5-72° in the presence of phosphoric oxide. It was dried over phosphoric oxide and distilled 
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twice at 2mm.; it then had low conductivity (« = 1 x 10-?); D} 1-1982 (Perkin, 1-1985; Tyrer, 
1-1984). 

Calculation of Dielectric Constants.—To save space, this is given in detail for two cells 
only (E, andG,). Air was aspirated through cell EF, for some hours and the capacity deter- 
mined with the cell remote from conductors. The mean of several successive measure- 
ments was C,;, = 189-43 + 0-05 uF. If we take «,;, = 1-0006, this gives C,,. = 
189-32. The cell was then placed in position in the paraffin-bath and re-measured, giving 
Cir = 189-68. Hence the end correction is 0-25. When the cell was filled with benzene 
at 25°, the capacity was 430-58 uuF at a frequency of 157 kc./sec. The lead-inductance 
correction [—8, + 8(2 + c/cy); cf. Appendix, p. 775] is 0-17; deduction of this and the 
end correction gives C.o,, = 430-16, whence ¢ = 2-271. 

Smaller cells with larger spacing between the silver films had to be used for liquids of 
higher dielectric constant. The air capacity of these cells was too small to be measured 
with sufficient accuracy; they were therefore calibrated with benzene and chlorobenzene, 
for which the dielectric constants were known from measurements on the large cells B and 
E. The method of calibration may be illustrated by data for the smallest cell Gg. 

In the standard position in the paraffin-bath, this cell had the following capacities in 
vuuF : filled benzene 41-47, filled chlorobenzene 101-86. If 8 is the end correction and Cy 
the vacuum capacity, then 41-47 = 8 + 2-272C,; 101-86 = 8 + 5-612Cy. Solution of 
these equations gives 8 = 0-40 and Cy = 18-08; hence for this cell ¢e = (C — 0-40)/18-08. 

The data found for other liquids in this cell are : 


Liquid. C,H,Cl | PhCOCH;. —PhCN. PhNO,,. 


Coors HEF 188-0 315°1 454-9 627-0 
10°38 17-41 25°14 34-66 


The values deduced in this way for ethylene dichloride and acetophenone agree with 
those found in the larger cells (see table below). 

Discussion of Results—The results of the measurements on a number of cells are collected 
below, together with the mean value of the dielectric constant and the mean deviation. All 
the measurements were made at 25° and at frequencies of 200 kc./sec. or less in order to 
minimise lead induction corrections. 


Dielectric Constants at 25°. 

Benzene. Chlorobenzene. Ethylene dichloride. 
€o5°+ Cell. €o5° Cell. €o5°- 

2-273 B, 5°606 Ey 10°34 

2-271 a 5607 ci 10°35 

2-272 E, 5°620 A, 10°33 

2-272 pe 5619 Fy 10°36 

Mean 2°272 » 5°609 Fs 10°37 
Mean 5-612 + 0-006. G, 10°38 

Mean 10°36 + 0°02. 
Acetophenone. Benzonitrile. Nitrobenzene. 

17°39 Fy 25°23 34°87 

17°35 Gs 25°14 , 34°77 


17°41 Mean 25°19 -+- 0°04. ; 34-71 
17-41 34-66 


Mean 17°39 + 0°02. Mean 34°75 + 0:07. 


The value found for benzene is in very satisfactory agreement with that of Hartshorn 
(loc. cit.), viz., 2-2725; this agreement indicates that the method used for eliminating the 
end effect is satisfactory. The value for benzonitrile agrees well with Ball’s value of 25-20 
(loc. cit.); for nitrobenzene, Ball gives 34-89 which is 0-26% higher than the mean value 
given above. The difference is not much larger than the mean deviation of the present 
series of measurements. 

Influence of frequency. Since Ball used audio-frequencies and the values in the above 
table were determined at radio-frequencies, it would seem that the dielectric constant is 
independent of frequency over a wide range. To test this point, further measurements 

3F 
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were made up to nearly 2000 kc./sec. Small cells were used for the liquids of high dielectric 
constant to minimise lead inductance corrections. When this correction was applied, 
no change in dielectric constant was found for any of six liquids examined. To save space 
the data for one liquid only are given below. 


Dielectric Constant of Ethylene Dichloride at Higher Frequencies. 


Frequency, kc./sec. 5 840 500 395 157 67 
Wave-length, m. 357 600 760 1910 4477 
€,,° (uncorr.) . 10°46 10°42 10°39 10°38 10°38 
€,,° (corr. for lead inductance) ... . 10°35 10°39 10°39 10°38 10°38 


The dielectric constant is therefore independent of frequency up to frequencies of the 
order of 10° kc. /sec. (cf. Lunt and Rau, Proc. Roy. Soc., 1930, 126, 213). Higher frequencies 
were not used since the inductance of the measuring condenser introduced large uncertain- 
ties (see Appendix). Definite variations in dielectric constant were found by Colley (Physi- 
kal. Z., 1910, 11, 324) at frequencies of the order of 10° kc./sec. 


SUMMARY. 


(1) A simple resonance method of measuring dielectric constants is described, and 
the errors due to the cell and circuit are discussed and evaluated. 

(2) The following values are found for the dielectric constant at 25°: benzene 2-272, 
chlorobenzene 5-612, ethylene dichloride 10°36, acetophenone 17-39, benzonitrile 25-19, 
nitrobenzene 34-75. 

(3) The dielectric constant of these six liquids is found to be independent of frequency 
up to 10° kc./sec. 

Appendix. Calculation of Residuals. 
The series resonant circuit used can be represented by Fig. 4. Here L and ¢ are the 
inductance and resistance of the resonance coil which is tuned by the three condensers. C 
represents the capacity of the experimental cell, and L, 
Fic. 4. the inductance of its leads between the points A and B. 
It was proved experimentally that the series resistance in 
this branch was negligible; the shunt resistance due to 
the conductivity of the liquid is represented by R. Ly, 
and Cy represent the inductance and capacity in the 
branch containing the measuring condenser. ZL, was 
reduced to a minimum by making the points A and B the 
terminals of this condenser; the series and shunt resist- 
ances in this branch can be neglected. C, represents the 
effective capacity of the loading condenser; there is no 
need to consider inductance or resistance in this branch 
since it remains unchanged during an experiment. 

When the switch S is closed the coil is tuned to 
resonance by the effective capacity of the three parallel 
condensers; the value of this effective capacity and 
B resistance may be calculated by the method of impedance 
operators or by using the appropriate formule for the 
shunt capacities of each branch. 

If y is the equivalent series resistance, Cr the capacity of the network between A 
and B (Fig. 4), and # = 2x x frequency, then 


a A ee ee 
Cr = Co(1 — «8,) es 6 wl (2) 
Cy = C(L + 8, + 82) + Cu(l + 85) + Cy 

a = C(C, — C)/C*; 3, = 1/R*w?C?; 8, = w®L,C; 8, = w7L Cy. 








VVVVVVV¥ 














From (1) it is evident that the damping due to RF can be diminished by increasing the 
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total capacity Cy. This is conveniently done by putting fixed condensers in parallel with 
the measuring system. In this way liquids with appreciable conductivity could be 
measured. 

Expanding the expression for C; in (2), we have 


Cr = C,(1 — «8,) + Cy(1 — «8, + 8) + C{l + (1 — «)8, + 8} 


when products of the small quantities 5,, 8,, 8, are neglected. 
When the switch S is opened and the measuring condenser adjusted to give resonance 
at a new setting Cy)’, 


Ce = C, + Cy’(1 + 8,’), where 8, == wD Cy’. 


The quantity measured experimentally is the difference between the two settings of 
the measuring condenser, or Cy,.. = Cy’ — Cy. 
Equating the two expressions for C; given above and re-arranging, a 


Cops. = C{l + 84(1 — a) + 8 — (85’Cy’ — 83Cyp + 43Cy + 08,C,)/C}. 


Putting 8,’ = w*L,(Cy + C), « = C(Cy — C)/C,?, and assuming Cy = C; + Cy +C in 
terms involving 8,, this reduces to 


Covs, = C{l + 8,C/Cy + 8, — 8,(2 + C/Cy)}. 
Hence the true capacity of the experimental cell, C, is given by 
C = Cops.{l — 8yC/Co — 8, + 83(2 + C/Cy)}. 


The term involving 8, depends chiefly upon the ratio of the dielectric constant « to the 
conductivity of the liquid, since for any condenser RC = 8-84 x 107%¢/x, where « is thé 
specific conductivity in mhos. The smallest value of ¢/« for the liquids used was found 
with acetophenone, with « = 17-4 and« = 2 x 107. Hence for cells containing this liquid 
at a pulsatance w = 10® (wave-length 1885 m.) 


8, = 1/R®a*C? = 1-7 x 10+. 


For experiments with this substance the ratio C/Cy had to be made small (0-2—0-1) to 
minimise the damping ; hence the correction term involving 3, is negligible at this and higher 
frequencies. From the form of this term, it is evident that at lower frequencies it may have 
a very large value. 

An approximate value of L, was obtained by measuring the capacity of a cell at a high 
frequency (# = 107), large and small values of Cy, being used. From these observations it 
was found that L, = 100 cm. approx. This is chiefly due to the leads inside the case of 
the condenser, but is partly due to the plates. The latter part of L, would vary with the 
setting of the condenser; the observations indicated that this effect was appreciable, and 
introduced an uncertainty of the order of 10% in the value of L,. For measurements at 
lower frequencies, Cy, was adjusted to about 300 uzF; the correction term, 8,(2 + C/Cy), 
for a cell of 300 uF capacity has the following magnitudes when @ varies from 10® to 107. 


1 x 108 2 x 10° 4 x 10° 6 x 10° 10 x 10° 
0-09 x 10-3 0«36 x 10-3 1-44 x 10° 3°24 x 10°% 9°0 x lo 


It is evident that this correction becomes appreciable when o is greater than 3 x 10°. 
The uncertainty in the value of L, and its variation with the setting of the condenser make 
it difficult to compute this correction with accuracy; hence a value of w of the order of 10° 
was used in most of the measurements. For accurate work at higher frequencies, a measur- 
ing condenser with much smaller inductance is evidently necessary. 

The value of L, was determined from observations on a cell of 500 uF capacity over a 
range of frequencies from # = 10® to 10’. The dielectric used was air, hence the apparent 
change could be ascribed to lead-inductance corrections. After allowing for the effect of 
lead inductance in the branch containing the measuring condenser, L, = 1230 cm. This 
agrees approximately with the value calculated from the dimensions and shape of the leads. 
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Since 8, = w?L,C, the value of this term increases with the capacity and with the frequency. 
At w = 10% and C = 100 pyF, 8, = 1-2 x 10°, and is negligible; at higher frequencies 
and with larger capacities 8, becomes appreciable and the appropriate corrections were 
made to the observed capacities. 


BIRKBECK COLLEGE, Lonpon, E.C. 4. [Received, May 8th, 1933.] 





191. The Constitutions of Some Phosphorus Derivatives of 
T'riphenylmethane. 


By Haroitp H. Hatt. 


IN a previous paper (J., 1929, 2412) the author showed that the evidence then available 
did no®permit of a decision between the two formule (I and II) proposed by Boyd and Chig- 
nell (J., 1923, 123, 813) and A. E. and B. A. Arbusov (J. Russ. Phys. Chem. Soc., 1929, 61, 
217) respectively for the substance obtained by the action of phosphorus trichloride on 
triphenylcarbinol : the alcoholysis of the phosphorus dichloride (I or II) was shown to 
proceed by way of several intermediate products (III, IV, V, and VI), finally to triphenyl- 
methylphosphonic acid, a substance of definite constitution (VII). 
Cl JC /JOEt wi /OH 


F 
*[(O-PCl.) —_-> T*P= ————p Eo ee +> T-P= VIL. 
T [O PCI.) NaOEt NOEt NaOEt vo NaOEt \ a AcOH T *, ) 


(III.) ee WW) (VI.) 
“ Ny. 
“ns /OEt Cl 


Cl ; 
(I.) TOP TPSO. (V.) TPO (II) 
Cl 


NOEt Cl 


[T = CPh,] 


Now, if the rearrangement from (I) to (VII) were due to the tendency for phosphorus to 
acquire the “‘ quinquevalent ” state (compare Boyd and Smith, J., 1924, 125, 1477; 1926, 
2323 : rearrangement was considered to take place during alcoholysis), the reverse change 
should be difficult, if not impossible ; and therefore, starting from (VII), it should be possible 
to obtain the substance (II). This has not been accomplished, since reagents which 
appeared likely to replace the hydroxyl groups in (VII) by chlorine either removed the 
triphenylmethyl group as triphenylchloromethane or brought about condensation to 
products containing more than one phosphorus atom. Nevertheless, all the intermediate 
products of alcoholysis (III—VI) have been prepared from (VII) and therefore have the 
constitutions of phosphonic type indicated in the formule. Treatment of the phosphonic 
acid with phosphorus pentachloride under controlled conditions yields the chloro-acid 
(IV), from which the chloro-ester (III) is obtained by ethylation. Alternatively, the 
phosphonic acid can be fully ethylated to give (V), and the latter converted into (VI) by 
alcoholysis. It can then be shown that the chloro-ester (III) is present in the mixture of 
products arising from (VI) by treatment with phosphorus pentachloride. Further, the 
chloro-ester, a substance of phosphonic type, is readily produced by the action of ethoxy- 
phosphorus dichloride on triphenylcarbinol under mild conditions : 


/OEt 
Ph,C-OH + EtO-PCl, = Ph,C-P=0 ia. « s « os @& 
Cl 


The constitution (I) appears to have been assigned originally because there was then no 
reason to suppose the existence of exceptions to the mechanism given by Menschutkin 
(Annalen, 1866, 139, 343) for the first reaction between phosphorus trichloride and an 
alcohol (compare, however, Michaelis, Ber., 1901, 34, 1298), 


R-OH + PCl, = R-O-PCI+HClL . . . . . . (2) 
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and because the somewhat unexpected stability of the phosphorus dichloride might be due 
to the special character of the triphenylmethyl group. The definite exception to equation 
(2) now noticed, equation (1), and in so closely related a case, thus seems sufficient evidence 
upon which to conclude that the product of the reaction between triphenylcarbinol and 
phosphorus trichloride has the constitution (II). To maintain now that the phosphorus 
dichloride has the constitution (I), it would be necessary to assert that migration of the 
triphenylmethyl group from oxygen to phosphorus accompanies the direct replacement 
of one chlorine atom by ethoxy]. 

Other experiments made to decide the structure of this dichloride comprise its formation 
by oxidation of ¢riphenylmethyldichlorophosphine (VIII). 

/OR 
T-PCl, bi TO-P—O T-P(OH). 
(VIII.) (IX.) (X.) 

After unsuccessful attempts to prepare the dichlorophosphine from triphenylmethylsodium 
and phosphorus trichloride, it was prepared from the triphenylmethylhydrogenphosphonic 
acid of Fosse (Compt. rend., 1910, 150, 158; Bull. Soc. chim., 1910, 7, 321). This acid 
undoubtedly has the structure (IX; R =H) assigned to it by Fosse: there is no 
evidence in support of the formula (X) proposed by Schmidlin (“‘ Das Triphenylmethyl,” 
p. 135, F. Enke, Stuttgart, 1914). It yields a neutral silver salt and neutral monomethyl 
and monoethyl esters (R = Ag, Me, and Et respectively) and is converted quantitatively 
into the phosphonic acid (VII) by mild oxidising agents. Prolonged refluxing with 
phosphorus trichloride produces the dichlorophosphine (VIII), and for this reason it 
seems that the acid must exist to some extent in solution as the phosphinic acid (XI). 

The relative stability towards hydrolysing agents of triphenylmethyldichlorophosphine 
(VIII) and the phosphonic acid (IX) is closely comparable with that for triphenylmethyl- 
phosphonyl dichloride (II) and the phosphonic acid (VII) (see J., 1929, 2412). The 


(XI.) 


phosphonic acid (IX) is stable towards such hydrolysing agents as hot alkalis, hydrochloric 


acid, and sulphuric acid; only phosphorus pentachloride converts it into the chloromethane. 
The dichlorophosphine, on the other hand, yields phosphorus-free derivatives of triphenyl- 
methane with sulphuric acid and with alcoholic potash, and is only converted into the 
phosphonic acid (IX) by caustic alkali. The stability of the acids relative to the corre- 
sponding chlorides may be attributed to the presence on the molecule of the acid, in ionising 
solvents, of electronegative charges which render the removal of the triphenylmethyl group 
as a kation difficult. In the corresponding acyl chlorides restraining influences of this 


kind are much diminished. 


+ /O-  * + Cl + /O- + 

T*PCl, T-PO- H T-PLO- T-PCO- 2H 
H Cl O- 

(VIIT.) (IX.) (II.) (VII.) 

If this view is adopted, it is clear from the above formule that the relative stabilities of 

(II) and (VII) and of (VIII) and (IX) should be somewhat similar. The constitution (II) 

fur the phosphorus dichloride thus gains in likelihood by this relationship of the latter’s 

properties with those of the dichlorophosphine (VIII). 

The ease with which the carbon—phosphorus link in (VIII) could be broken was especially 
noticeable in the attempts made to oxidise the dichlorophosphine to the phosphonyl 
dichloride (II). Theusual oxidising agents (chlorineand subsequent hydrolysis ; simultane- 
ous treatment with chlorine and sulphur dioxide) removed the triphenylmethyl group : 


T-PCI, + Cl, = [T*PCl,] = TCl + PCl, 


and the same result was obtained by shaking the dichlorophosphine with a chloroform 
solution of iodine in presence of aqueous sodium bicarbonate. In ether and benzene the 
colourless triphenylmethyldichlorophosphine gave markedly yellow solutions which readily 
took up gaseous oxygen, and so gave rise to appreciable quantities of triphenylmethyl 
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peroxide. There is therefore strong reason to suppose that in solution the dichlorophos- 
phine undergoes some free-radical dissociation : 


TPCL == T—+-—PCL ...... §@) 


The reactions by which some other products of the oxidation arise have not been finally 
determined, but it seems best to regard them also as resulting from decomposition of 
triphenylmethyl peroxide. Such substances are phenol, benzophenone (or a substance 
from which this compound is easily produced), and triphenylcarbinol. Wieland (Ber., 
1911, 44, 2550) has shown that these substances are produced by thermal decomposition of 
the peroxide, 


Ph;C:O:0:CPh, == 2Ph,C-O- —> Ph,C-OPh —> Ph,C—O + PhOH 


but the actual reaction by which the phenol and benzophenone are produced does not 
appear to have been fully determined. However, the chief product in this oxidation is the 
phosphorus dichloride and, while the simultaneous formation of triphenylmethyl peroxide 
necessitates that the possibility of a reaction represented by the equation (4) cannot be 


completely excluded, 
T—+—PCl,+O=TOPCL . sas & oe 


its formation here is strong support for the constitution (II), 


scl 
T:PCl, + O = T-P=0 inte eo Or wee 
Cl 


Its formation according to equation (5) agrees well with the facile oxidation of the phos- 
phinic acid (XI), which, having regard to the experiments of Mitchell (J., 1923, 123, 2241 ; 
1925, 127, 336), probably takes place partly according to the scheme : 


/OH 
T-P(OH), + 0 = TPO 


OH 


and with the oxidation of phosphorus trichloride (Remsen, Amer. J. Sci., 1876, 11, 365) and 
phenyldichlorophosphine by gaseous oxygen. An attempt was made to prepare triphenyl- 
methoxyphosphorus dichloride (I) by treatment of potassium triphenylcarbinolate (a 
substance used to introduce the triphenylmethoxyl group; Blicke, J. Amer. Chem. Soc., 
1923, 45, 1965) with phosphorus trichloride. Only the same phosphorus dichloride was 
obtained and in good yield. 

While some of the direct evidence for the constitution of the phosphorus dichloride thus 
appears somewhat equivocal, there is no evidence which agrees only with the formulation 
(1), whereas the experiments concerning the formation of ethyl triphenylmethylchloro- 
phosphonate (III) furnish indisputable support for the constitution (II). This is therefore 
regarded as correct. It seems doubtful whether it is possible to prepare triphenylmethoxy- 
phosphorus dichloride, for under ordinary conditions it would probably pass at once into 
the phosphonyl dichloride. In addition to the evidence already given, one reason for this 
belief is that the phosphonyl dichloride behayes in many ways as a pseudo-salt and in 
some reactions closely resembles triphenylchloromethane. Of this class are its reactions 
with ethyl and methyl alcohols, and with sulphuric, hydriodic and formic acids (Boyd and 
Chignell, loc. cit.; Hatt, loc. ctt.), and with phenol (Boyd and Hardy, J., 1928, 635). Again 
with aluminium chloride in benzene it produces a red oil, whose intensity of colour ap- 
proaches that of the addition compound from aluminium chloride and triphenylchloro- 
methane (Norris and Young, Amer. Chem. J., 1901, 25, 54). Observations of this kind 
indicate that the phosphonyl dichloride is capable of passing into an ionised form or true 
salt (compare Hantzsch and Burawoy, Ber., 1930, 63, 1181) : 


sl " 
TsO == Tt + 
NCl 
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The same true salt would arise from the triphenylmethoxyphosphorus dichloride, whose 
ester-like constitution renders such a transformation even more probable, and, under 
conditions where this ionisation is possible, only the more stable isomeride (II) would be 
isolated. The conditions necessary for such ionisation are almost certainly present in the 
reaction between phosphorus trichloride and a triarylcarbinol, of which one characteristic 
is the development of a strong carbonium colour. 


So far no substance of the type T-O-P<R has been isolated, but wherever the attempt 
A 


has been made to obtain substances of the isomeric class, — comparatively little 
B 


difficulty has been experienced (compare A. E. and B. A. Arbusov, loc. cit., and Ber., 
1929, 62, 1871; A. E. and I. E. Arbusov, J. Russ. Phys. Chem. Soc., 1929, 61, 1905). In 
the case of the chloro-ester (III), the substance described by A. E. and B. A. Arbusov 
(loc. cit.) had a very low melting point (125—126° instead of 137-5—138°). A repetition of 
their experiments showed that this was not due to isomerism. The melting point of the 
chloro-ester is much depressed by small amounts of impurities and it has now been found 
that in every case where the substance obtained melted at about 125° it was impure and 
by repeated crystallisation ultimately acquired a constant melting point of 140—141°. 
Triphenylcarbinol deviates considerably from the typical behaviour of an alcohol, not 
only in its reaction with phosphorus trichloride, but also in those with phenylhydrazine, 
aniline, sodium bisulphite (Baeyer and Villiger, Ber., 1902, 35, 3014), hydroxylamine (Moth- 
wurf, Ber., 1904, 37, 3150), hypophosphorous acid, cyanoacetic ester, and malonic acid 
(Fosse, loc. cit.; Compt. rend., 1907, 145, 196); in all of which the triphenylmethyl group 
becomes attached directly to the reagent residue, and the carbinol hydroxyl group is 
generally eliminated as water. These reactions led Baeyer and Villiger (oc. cit.) to suggest 
an aldehydic-like constitution for the carbinol and to assign, correctly, a sulphonic acid 
structure to the product of its reaction with sodium bisulphite. (In this case salts of the 
unstable isomeric sulphite appear recently to have been obtained; Schmidt-Nickels, Ber., 
1929, 62,917.) The suggestion of Baeyer can be interpreted as meaning that at one stage 
in these reactions the triphenylmethyl group appears as a kation. The reaction with 
phosphorus trichloride would then be expected to give first the addition product, T*PCl,-OH. 
Since, however, triphenylchloromethane does not react analogously, it seems that the oxygen 
of the carbinol takes a more special part in the reaction, as would be the case if the carbinol 
were supposed to form first an addition compound of the type Sidgwick employs (J., 1924, 
R—O—H 


125, 2672) to explain the hydrolysis of phosphorus trichloride : Y (XII), In 
PCI, 
the normal Menschutkin reaction, (XII) would undergo simple loss of hydrogen chloride. 
Triphenylcarbinol may react in this normal way, the -oxyphosphorus dichloride first 
formed then rearranging itself into the phosphonyl dichloride (II); yet it seems more 
reasonable, where, as in this example, the alkyl group readily accepts a kationic condition, 
to suppose that it separates in this condition from the positively charged oxygen atom of 
(XII) and becomes attached to the phosphorus atom of the resulting anion, either before or 
after the latter has parted with hydrogen chloride. The formation of triphenylchloro- 
methane, which is always present as a by-product in the reaction, can then be regarded 
as due in part to an alternative decomposition of the anion : 
ay | O—-H ‘ 
ide FP ie +O 

The presence of triphenylmethylphosphonic acid (VII) as a by-product in the reaction 
between the carbinol and phosphorus trichloride (Boyd and Smith, J., 1924, 125, 1478) was 
shown by A. E. and B. A. Arbusov (loc. cit.) to depend on some subsequent reaction between 
the phosphonyl dichloride and the carbinol. Experiments also supporting such an ex- 
planation have been reported and discussed elsewhere (Hatt, Thesis, London, 1930). 
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During the course of this work, some derivatives of triphenylmethylpyrophosphonic 
acid (XIII) have been obtained. 


Pe lll i 
a. OH C HK 
p 


| O- 
—O—P:T . 2H+ (Xv.) 
i} I| 
O O 
(XIII) | J 


+ 
Ethyl triphenylmethylchloropyrophosphonate (XIV) appears in small quantity during 
the ethylation in xylene of the chloro-acid (IV). As previously shown (Hatt, loc. cit.), 
the chloro-acid loses hydrogen chloride at its melting point and gives a product, C;gH,,O,P. 
It would be expected that the molecular formula of such a metaphosphonate should be 
some multiple of this empirical formula (see G. N. Lewis, ‘‘ Valence and the Structure of 
Atoms and Molecules,’’ p. 94), the loss of hydrogen chloride from the chloro-acid being an 
intermolecular process. The compound (XIV) can then be regarded as arising from the 
ethylation of the first product of such thermal decomposition : 


T 








, If Et,SO, 


| 
2T-P—OH = HCl + 1-b—o-P-1 <a CEE) 


l l H 


Methyl and ethyl esters (XIII, with OR in place of OH) of the pyrophosphonic acid are 
formed by treatment of the corresponding phosphonic esters with phosphorus pentachloride. 
Two asymmetric phosphorus atoms should be present and these compounds should there- 
fore exist in two optically inactive forms. The esters are readily freed of all impurities 
and then show the typical properties of a mixture (indefinite melting point and mixed or 
indistinct crystalline forms). The mixture of methyl esters has not been separated, but 


two ethyl esters have been obtained by fractional crystallisation, having the same com- 
position and molecular weight but differing in melting point and in crystalline form. In 
these compounds the oxygen bridge link between the phosphorus atoms is extremely 
stable and the esters can therefore be easily converted into the corresponding pyrophos- 
phonic acid. Both isomeric ethyl esters and the mixed methyl esters yield the same 
single pyrophosphonic acid (XIII). The isomeric ethyl esters being regarded as the stereo- 
isomeric, internally and externally compensated inactive materials, the formation from 
them of the same pyrophosphonic acid furnishes strong evidence that the apparent asym- 
metry of the pyro-acid is destroyed by ionisation or tautomeric shift of the hydroxyl 
hydrogen atoms (XV). Much the same view has been frequently put forward (Caven, 
J., 1902, 81, 1362; Ephraim, Ber., 1911, 44, 631; A. E. and B. A. Arbusov, J. Russ. Phys. 
Chem. Soc., 1930, 62, 1599) to account for the repeated failure to resolve esters and salts, 
from optically active bases, of acids having the general formula R,R,P—O(OH) (Caven; 
Ephraim; A. E. and B. A. Arbusov; also Luff and Kipping, J., 1909, 95, 1993; Kipping 
and Challenger, J., 1911, 99, 626; Pope and Gibson, J., 1912, 101, 735; Gibson and John- 
son, J., 1928, 92; A. E. and I. E. Arbusov, J. Russ. Phys. Chem. Soc., 1930, 62, 1909). 
The fact that on re-ethylation the pyrophosphonic acid yields a mixture which can be 
separated into the same two isomeric ethy] esters is a further support for this explanation. 


EXPERIMENTAL, 


Conversion of Triphenylmethylphosphonic Aci dinto Triphenylmethylchlorophosphonic Acid 
(I[V).—A mixture of the phosphonic acid (5 g.) and phosphorus pentachloride (4-7 g.) was 
shaken for 2 hours with 10 c.c. of benzene, the whole treated with excess of ice, and the insoluble 
material washed with water and with benzene, dried in a vacuum, and extracted with 20 c.c. of 
boiling benzene for 1 hour; the white residue (2-25 g.) had m. p. 219—220° (vigorous decomp.) 
(229—230° after further purification) and was identified as the chloro-acid by conversion into 
its aniline and quinoline salts. 
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When heated with phosphorus pentachloride, the chloro-acid (IV) and the phosphonyl 
dichloride (II) are completely converted into triphenylchloromethane. Boiling phosphorus 
trichloride is without action on the chloro-acid. The phosphony! dichloride (II) is stable to- 
wards chlorine, bromine, and iodine in chloroform; a property in agreement with the structure 
now assigned, but conflicting with the structure (I) (compare Wichelhaus, Annalen, 1868, 
Suppl. VI, 257). 

Ethylation of Triphenylmethylchlorophosphonic Acid (1V).—A mixture of the chloro-acid 
(6-0 g.), anhydrous potassium carbonate (12 g.), ethyl sulphate (7-5 c.c.), and pure xylene 
(60 c.c.) was refluxed, with exclusion of moisture and occasional shaking, for 2-5 hours. The 
cooled product was washed with dilute alkali and water and dried, the xylene distilled in a 
vacuum on a water-bath, and the residual oil dissolved in ether and obtained crystalline by slow 
evaporation of the solution. The crystals were extracted with petroleum (b. p. 80—100°) 
(40 + 10 c.c.), 0-72 g. of the almost insoluble pyro-ester (XIV), m. p. 208—216°, remaining 
undissolved. From the petroleum solution, by evaporation, various crystalline fractions (4-0 
g.), m. p. 115—130°, and 1-3 g. of an unidentified oil were obtained. Repeatedly crystallised 
from benzene and light petroleum (b. p. 40—60°), the former gave the chloro-ester (III), m. p. 
140—141°, which was identified by conversion into the chloro-acid (IV) by hydriodic and acetic 
acids and into the carbinol by sulphuric acid and by a mixed m. p. determination with an 
authentic specimen. 

Ethyl triphenylmethylchloropyrophosphonate (X1V) is readily soluble in benzene or chloro- 
form and but slightly soluble in ether or light petroleum. After several recrystallisations from 
benzene-light petroleum it forms colourless lozenges, m. p. 221—222-5° (with slow evolution of 
a gas), containing solvent of crystallisation which is slowly removed at 100° in a vacuum [Found : 
loss, 11-3. Found in dried material: C, 71-0*; H, 5-3*; P, 9-4; Cl, 5-2; OEt, 6-8; M (in 
camphor), 630. (C,)H,;0,CIP,,C,H, requires CgH,, 10-39%. CygH3,;0,CIP, requires C, 71-0; 
H, 5:2; P, 9-2; Cl, 5-2; OEt, 6-65%; M, 677]. A slow decomposition seems to take place 
in camphor solution, so that after heating at 160° for } hour the depression of the f. p. corresponds 
to a molecular weight of 570—580. With sulphuric acid the chloropyro-ester yields triphenyl- 
carbinol. This observation, the analyses, and the molecular weight are sufficient evidence for 
the structure (XIV). In support of the suggested method of formation it was shown that the 
chloropyro-ester was produced neither by heating the chloro-ester (III) with ethyl sulphate 
in xylene nor by heating it with the chloro-acid (IV) in xylene solution. It was produced by 
heating an equimolecular mixture of the chloro-ester and the chloro-acid with ethyl 
sulphate in xylene solution, but in an amount commensurate with the quantity of chloro-acid 
present. 

Methyl Triphenylmethylphosphonate.-—A mixture of the phosphonic acid (25 g.), methyl 
sulphate (30 c.c.), potassium carbonate (50 g.), and toluene (150 c.c.) was refluxed for 4 hours, 
the toluene distilled from the washed product in a vacuum, and the crystalline residue re- 
crystallised from benzene and light petroleum, large colourless needles of the methyl ester (22 g.), 
m. p. 154-5—155-5°, being obtained : there was no evidence of the presence of a second isomeric 
form (compare Arbusov and Arbusov, J. Russ. Phys. Chem. Soc., 1929, 61, 233) [Found : OMe, 
17-5; M, in benzene, 348. Calc. for C,,H,,OP(OMe),: OMe, 17-6%; M, 352]. 

The ethyl ester can be obtained by a similar process. 

Action ‘of Phosphorus Pentachloride on Ethyl Hydrogen Triphenylmethylphosphonate.— 
Owing to the formation of several by-products the chloro-ester (III) could not be isolated from 
the products of this reaction. Its presence there was inferred from the isolation from them of 
the chloro-acid (IV), conditions being used which serve to generate it from the chloro-ester, 
and the reaction products having previously been freed of all acidic material. The monoethyl 
ester (VI) (10 g.), phosphorus pentachloride (7-5 g.) and benzene (80 c.c.) were shaken for 5 
minutes on a water bath, the product poured on ice and washed with water, and the benzene 
layer added with stirring to 400 c.c. of hot 2% sodium hydroxide solution. When the benzene 
had evaporated, the insoluble material was removed, taken up in benzene, and treated with a 
similar quantity of alkali. The combined alkaline liquors yielded 2-9 g. of acidic material, 
convertible by hydriodic acid into the phosphonic acid (VII). The neutral materials insoluble 
in the alkali were refluxed with 40 c.c. of hydriodic acid—acetic acid (2 : 1) and poured into water ; 
the insoluble residue was freed from iodine and acids by washing, dried, and extracted with 
benzene, which left undissolved 1-5 g. of the chloro-acid (IV), m. p. (after purification) 227— 
229° (decomp.). Its aniline salt had m. p. 181-5—182°. The benzene-soluble products removed 


* The estimations of carbon and hydrogen recorded in this paper were made by Dr. A. Schoeller. 
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from the chloro-acid on treatment with hydriodic acid, gave triphenylmethane, triphenylmethyl- 
phosphonic acid, and other products not identified. 

Action of Ethoxyphosphorus Dichloride on Triphenylcarbinol.—(1). The carbinol (5 g.) was 
added in three portions to the dichloride (7-2 g.), moisture being excluded. After 2 hours’ 
heating on a water-bath, the products were crushed up with ice, and the solid material was 
ground repeatedly with water, dried in a vacuum (yield, 7-0 g.), and extracted twice for periods 
of 1 hour with 30 c.c. of dry benzene, 0-5 g. of insoluble material, m. p. 219—-220° (decomp.), 
being left. [This substance was identified as the chloro-acid (IV) in the usual manner. It 
dissolves to an appreciable extent in the benzene solution of the chloro-ester (III). The total 
yield of (IV) in these experiments varied from 5 to 7-5%.] The benzene extraction liquors were 
washed with water, dried, and concentrated somewhat; addition of light petroleum (b. p. 40— 
60°) then gave 5-1 g. of a crystalline powder, m. p. (after one recrystallisation) 137—139° (later 
fractions had lower m. p.’s). Further crystallisation gave the pure chloro-ester (III), m. p. 
140—141°. No evidence of the existence of a chloro-ester of m. p. 125—126° (compare Arbusov 
and Arbusov) was obtained. The lower m. p.’s of later fractions were due to the presence of 
quite other substances. The amounts of such present were estimated approximately by utilising 
the fact that the chloro-ester and the chloro-acid are completely transformed into (VI) by 
alcoholic sodium ethoxide. In one experiment the product from 5 g. of triphenylcarbinol, 
when treated in this way, yielded 0-2 g. of solid organic material insoluble in alkali. 

(2) The reaction was brought about as in (1), but 5 g. of the carbinol and 22 g. of the di- 
chloride were used. After cooling, an equal volume of dry light petroleum was added. After 
several days, the white crystalline precipitate was washed with light petroleum (moisture was 
excluded) and dried in a vacuum; it melted at 133—138° (yield, 5-2 g.) and, after a few re- 
crystallisations from benzene-ether, at 140—141°. It was identified as the chloro-ester (III) 
by a mixed m. p. determination and by conversion into the chloro-acid. 

Action of Alcohol-free Sodium Ethoxide on Triphenylmethylphosphonyl Dichloride (11).— 
The following three experiments show that by varying the conditions of treatment with sodium 
ethoxide the phosphony] dichloride may be converted largely into either the chloro-ester (III), 
ethyl triphenylmethylphosphonate, or ethyl hydrogen triphenylmethylphosphonate. The 
reactions with the sodium ethoxide seem to be similar to the second process of alcoholysis of the 
phosphonyl dichloride which takes place with concentrated alcoholic solutions of sodium 
ethoxide. The pure chloro-ester obtained by this means always had m. p. 140—141°. No 
evidence could be found for the existence of a chloro-ester of m. p. 125—126°. It follows that 
the statement (A. E. and B. A. Arbusov, /oc. cit.) that only one chlorine atom of the phosphonyl 
dichloride can be removed by alcohol-free sodium ethoxide, and that a chloro-ester (III) of 
m. p. 125—126° is thus produced, cannot be correct. 

Experiment 1. The phosphonyl dichloride (6 g.) was added to powdered sodium ethoxide 
(3-5 g.) (prepared after the method of Claisen, Ber., 1889, 22, 1010) contained in 30 c.c. of benzene. 
After 15 hours’ refluxing, moisture and carbon dioxide being excluded, 50 c.c. of benzene were 
added and then excess of water. The liquors were filtered, and the benzene solution washed 
with dilute aqueous alkali and water and dried. Concentration and addition of light petroleum 
yielded 3-1 g. of almost pure ethyl triphenylmethylphosphonate (m. p. 121—122° after 2 re- 
crystallisations). The substance was identified by a mixed m. p. determination with the ester 
obtained by other methods, and by conversion into the phosphonic acid by hydriodic and 
acetic acids. From the aqueous liquors, on acidification, an acid (2-3 g.) was precipitated which 
was shown to be a mixture of ethyl hydrogen triphenylmethylphosphonate and the phosphonic 
acid itself. 

Experiment 2. The phosphonyl dichloride (5-3 g.), sodium ethoxide (2-0 g.), and benzene 
(80 c.c.) were refluxed for 8 hours. The phosphonic acid and its monoethyl ester (0-9 g.) were 
removed as described in experiment (1). Treatment then of the concentrated benzene solution 
yielded 3-3 g. of a crystalline powder, m. p. 135—138°, and 140—141° after several recrystallis- 
ations; it was identified as the chloro-ester by mixed m. p. and by conversion into the chloro- 
acid. Only 0-2 g. of crystalline material (m. p. 120—131°) could be obtained from the residues. 

Experiment 3. Alcohol-free sodium ethoxide was prepared in 40 c.c. of xylene from 1-56 g. 
of sodium by the method of Bruhl (Ber., 1902, 35, 3516), 6 g. of the phosphony] dichloride added, 
and the mixture refluxed for 4 hours. Proceeding as in the previous experiments, 4-75 g. of 
ethyl hydrogen tripnenylmethylphosphonate (m. p. 250—255° after 1 recrystallisation) were 
obtained from the aqueous liquors and 0-4 g. of ethyl triphenylmethylphosphonate (m. p. 120— 
121-5° after crystallisation) from the xylene solution. 

Action of Phosphorus Trichloride on Potassium Triphenylcarbinolate.—8 G. of the carbinolate 
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(compare Blicke, Joc. cit.) were covered with 50 c.c. of benzene, cooled to 0°, stirred, and treated 
in an inert atmosphere with 6 g. of phosphorus trichloride. Reaction took place with evolution 
of heat and the transient appearance of a strong orange colour. After heating for 1 hour on 
the water-bath, almost all the carbinolate had disappeared and the colourless liquid contained 
a gelatinous suspension. Water was added, and benzene to maintain solution. By concen- 
tration and addition of light petroleum, the benzene liquor yielded 6-3 g. of crystalline material, 
m. p. 175—184° (187—189° after crystallisation). A mixed m. p. determination established 
its identity with triphenylmethylphosphonyl dichloride. Subsequent separations from the 
benzene solution contained the phosphonyl dichloride mixed with carbinol. 

Triphenylmethylhydrogenphosphonic Acid (IX).—The acid is obtained purer by the following 
modification of the method of Fosse. A mixture of triphenylcarbinol (20 g.), acetic acid (80 g.), 
and sulphuric acid (24 g.) was warmed to 50°, and the resulting clear red liquid treated with a solu- 
tion (also at 50°) of sodium hypophosphite (12 g.) in acetic acid (50 g.). No brown precipitate 
appeared and after being kept for 4 hours at 50—60° the whole was treated with excess of 
water and the crystalline precipitate removed and added to 300—400 c.c. of 0-3N-sodium hydrox- 
ide. The mixture was boiled and, after cooling to 50°, the solid triphenylmethane was removed 
and the phosphonic acid precipitated by acidification. Crystallised from glacial acetic acid, it 
formed colourless needles, m. p. 234—240° [Found : P, 10-0; equiv. (NaOH and phenolphthal- 
ein), 302. Calc. for C,gH,,O,P: P, 10-05%; equiv., 308]. Stelling (Z. physikal. Chem., 1925, 
117, 172) gives m. p. 220—222°. . The acid of m. p. 234—240° is practically pure, but by many 
recrystallisations its m. p. may be raised to 245—248°. At 255—260° the acid undergoes a 
characteristic decomposition, evolving a gas and becoming first opalescent and then depositing 
an orange powder. The silver salt was obtained as a white caseous precipitate from silver 
nitrate and a neutral solution of the ammonium salt and dried in a vacuum (Found: P, 7:4; 
Ag, 25:8. C,,H,,0,PAg requires P, 7-5; Ag, 26-0%). The methyl ester, obtained by refluxing 
the acid (10 g.), anhydrous potassium carbonate (15 g.), methyl sulphate (10 g.), and toluene 
(100 c.c.) for 4 hours, crystallised from toluene, containing a little light petroleum, in colourless 
needles, m. p. 163—164° (Found : P, 9-8; OMe, 9-5; M, in benzene, 330.. Cy9H,gO,P requires 
P, 9-6; OMe, 96%; M, 322). The ethyl ester, obtained similarly or from the silver salt and 
ethyl iodide, crystallised in colourless prisms, m. p. 118—121-5° (Found: P, 9-5; OEt, 13-0. 
C,,H,,0,P requires P, 9-2; OEt, 13-4%). 

Oxidation of triphenylmethylhydrogenphosphonic acid (IX) to the phosphonic acid (VII) was 
brought about quantitatively by refluxing it in acetic acid (containing some water) solution with 
the calculated amount of iodine for 20—30 minutes, or by shaking it with alkaline permanganate. 
In the latter case 1-22 g. of the acid (IX) gave 1-19 g. of the acid (VII), m. p. 283—283-5°. 
The latter acid is most conveniently prepared in this way. Hydriodic acid in acetic acid as 
usually employed converts the esters of the acid (IX) into the phosphonic acid (VII), but the 
acid (LX) can be obtained from them by refluxing for a short period (in an inert atmosphere) 
with acetic and hydriodic acids, the latter having been recently freed from iodine by distillation 
from copper or the acid (IX). 

Triphenylmethyldichlorophosphine.—Triphenylmethylhydrogenphosphonic acid (IX) (16 g.) 
and phosphorus trichloride (22 g.) were heated to refluxing on a water-bath in an atmosphere of 
dry nitrogen : hydrogen chloride was evolved and later a spongy orange mass, mixed with large 
colourless crystals, was precipitated. After 8—10 hours a further 18 g. of phosphorus trichloride 
were added and the mixture was heated until the colourless crystals dissolved; the solution 
was then filtered (excluding air) from the insoluble orange material (the latter contained phos- 
phorous acid and free phosphorus). The filtrate, treated with an equal volume of light petroleum 
and kept in an atmosphere of nitrogen, deposited large colourless crystals, which were washed 
with light petroleum (yield, 12 g.), dissolved in 25 c.c. of boiling phosphorus trichloride and 
treated with an equal volume of light petroleum. The crystalline product was washed with 
light petroleum and dried over sodium hydroxide and calcium chloride under reduced pressure 
in nitrogen. The colourless crystals melted at 138—140° to a light yellow liquid which de- 
composed at 240° (Found: P, 9-2; Cl, 20-55. Cy, ,H,,;Cl,P requires P, 9-0; Cl, 20-55%). 

Triphenylmethyldichlorophosphine is easily soluble in chloroform or benzene and almost 
insoluble in ether or light petroleum. Its solutions in benzene and chloroform are less stable 
than that in phosphorus trichloride, from which crystallisations are best made. The solid 
phosphine can be ground with cold water without suffering appreciable decomposition. Hot 
aqueous sodium hydroxide regenerates the phosphonic acid (IX). Unlike the phosphonyl 
dichloride (II), triphenylmethyldichlorophosphine is converted into triphenylmethane by both 
0-5N- and 2-5N-alcoholic sodium ethoxide and a test of its purity, especially freedom from 
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oxidation, is the absence of acidic phosphorus compounds in the reaction products. 1-02 G. of 
the dichlorophosphine and 35 c.c. of 0-5N-alcoholic sodium ethoxide after 4 hours’ refluxing 
gave 0-62 g. of triphenylmethane (m. p. 90—92°). Theoretical yield, 0-72 g. Sulphuric acid 
attacks the dichlorophosphine, producing a solution of the carbonium sulphate, from which 
the carbinol can be obtained by means of water: 0-875 g. thus gave 0-671 g. of carbinol (m. p. 
157—158°; 161° after crystallisation) (theoretical yield, 0-674 g.). During the reaction some 
hydrogen sulphide is formed. 

Oxidation of Triphenylmethyldichlorophosphine.—tThe pure dichlorophosphine (4 g.) and 40c.c. 
of dry ether were refluxed for 100 minutes in a stream of oxygen: hydrogen chloride was not 
evolved and complete solution was never attained. The ethereal solution was filtered from the 
insoluble crystalline material (A; 1-5 g. after being washed with ether) and washed with water 
several times (the aqueous solutions reacted strongly acid and contained large quantities of 
phosphate and chloride ions). Extraction of the ethereal solution with alkali removed an acidic 
tar and phenol (0-2 g. of tribromophenol, m. p. 91—93°). Concentration of the ethereal solu- 
tion and addition of light petroleum then gave triphenylcarbinol (0-13 g.). The remaining oil, 
treated with alkaline alcoholic hydroxylamine, gave 0-27 g. of benzophenoneoxime (m. p. 141— 
142°, from alcohol). The substance (A) consisted of a mixture of triphenylmethyl peroxide 
(0-12 g.) and triphenylmethylphosphonyl dichloride. The latter was removed by dissolving it 
in chloroform and at once precipitating any trace of the peroxide with ether. Afterwards the 
phosphonyl dichloride crystallised slowly. The peroxide crystallised from carbon disulphide 
in prisms, m. p. and mixed m. p. 184—186°; the melt was strongly coloured. The phosphonyl 
dichloride, crystallised from chloroform and ether, melted alone, or mixed with an authentic 
specimen, at 188—190° (Found : P, 8-6; Cl, 17-3. Calc. for CygH,,OCI,P: P, 8-6; Cl, 17-6%). 
A similar oxidation in benzene solution of 4 g. of the dichlorophosphine yielded 1-45 g. of a 
mixture of the phosphonyl dichloride and the peroxide: hydrogen chloride was evolved. 
When the dichlorophosphine (2-0 g.) was shaken with 1-47 g. of iodine in 40 c.c, of chloroform 
in presence of aqueous sodium hydrogen carbonate, the iodine was rapidly destroyed. After- 
wards all the chlorine and phosphorus of the dichlorophosphine were present in the inorganic 
condition in the aqueous solution. From the chloroform solution triphenylcarbinol (1-03 g.) 
and a little triphenylmethyl peroxide were isolated. In absence of bicarbonate, iodine has 
little action on the dichlorophosphine. 

Ethyl Triphenylmethylpyrophosphonates.—Ethyl triphenylmethylphosphonate (V) (25 g.), 
phosphorus pentachloride (25 g.), and benzene (100 c.c.) were refluxed together for 7 hours and 
then poured on ice. The benzene liquor was washed with aqueous alkali (only traces of solid 
acidic material were present) and with water, and, after drying, the benzene was removed in a 
vacuum. The residue was extracted twice with about 40 c.c. of ether for periods of 1 hour to 
remove triphenylchloromethane, triphenylcarbinol, and the unchanged phosphonic ester. 
The insoluble material (12-8 g., m. p. 210—220°) was almost entirely a mixture of the two pyro- 
phosphonic esters, of which one form («) was present in much the larger quantity. From 11-8 g. 
of the mixture, 6 g. of the pure a-form were obtained. The isolation of the B-form was more 
difficult and after long fractional crystallisation from benzene-ether only much smaller quantities 
were isolated in a state of purity. 

Ethyl «a-triphenylmethylpyrophosphonate crystallises from benzene—ether (1: 2) in clusters 
of colourless, small, elongated, hexagonal plates, m. p. 222—-223°. The m. p. depends slightly 
on the rate of heating and is probably accompanied by a little decomposition. This ester is 
very soluble in chloroform, benzene, and toluene, but almost insoluble in ether and light petrol- 
eum (Found: C, 73-9; H, 6-1; P, 9-2; OEt, 12-8; M, in benzene, 660, 678; M, in camphor, 
653, 632. C,H O,;P, requires C, 73-4; H, 5-9; P, 9-05; OEt, 13-1%; M, 686). 

Ethyl B-iriphenylmethylpyrophosphonate, when crystallised slowly from benzene and ether, 
separates in highly refractive, stout, polyhedral crystals which often have re-entrant faces, 
probably due to the formation of twin crystals. Thrown out from solution more rapidly, it 
forms small crystals of octahedral appearance. The crystals sometimes contain solvent of 
crystallisation, but the conditions favouring such an occurrence have not been determined. 
In one case 0-0742 g. of the ester lost 0-0077 g. at 100° in a vacuum (theo. loss for 1 mol. of 
benzene, 0-0076 g.); whereas another sample of 0-1065 g. lost only 0-0003 g. In both cases the 
m. p. was 228—231°, but the first substance, before drying, underwent partial fusion if plunged 
into a bath at 175°. The two samples when mixed had the same m. p. and each when mixed 
with the isomeric «-ester melted at 209—223°, a m. p. approximately the same as that of the 
original mixture of esters first isolated (Found: C, 73-1; H, 5-9; P, 8-7; OEt, 12-45%; 
M, in camphor, 698). 
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Methyl Triphenylmethylpyrophosphonate.—Methyl triphenylmethylphosphonate (10 g.), 
phosphorus pentachloride (10 g.), and benzene (40 c.c.) were refluxed together for 7 hours 
(with shorter times much of the phosphonic ester is left unchanged; prolonged action leads to 
the formation of triphenylchloromethane). On cooling, some methyl triphenylmethylpyrophos- 
phonate crystallised and was removed and washed with benzene and water. The benzene 
liquors were worked up as described in the case of the ethyl esters, and the crude products 
were freed of impurities by extraction several times with ether (150 c.c.). 7-5 G. of the almost 
pure (mixed?) methyl triphenylmethylpyrophosphonates were obtained, m. p. 220—230°. 
This substance is very soluble in toluene and chloroform, moderately easily soluble in benzene 
and methyl alcohol, and almost insoluble in ether and light petroleum. After 4 recrystallisations 
from chloroform and ether it melted at 227—-233° (Found: P, 9-4; OMe, 9-4; M, in camphor, 
628, 600. Cy H;,0,;P, requires P, 9-4; OMe, 9-4%; M, 658). 

Triphenylmethylpyrophosphonic Acid.—0-30 G. of the corresponding «-ethyl ester was dis- 
solved in 7-5 c.c. of acetic acid, 2-5 c.c. of hydriodic acid (d 1-7) added, and the mixture refluxed 
for $ hour. The pyrophosphonic acid commenced to crystallise after 2—3 minutes. After the 
addition of water and removal of acids and iodine from the insoluble material, the latter, dried 
at 100°, melted at 266—268° (yield, 0-27 g.). From benzene and ether it was obtained as a 
crystalline powder, m. p. 267—270°. In like manner from 0-20 g. of the pure 8-ethyl ester there 
was obtained 0-165 g. of the acid, m. p. (after recrystallisation) 266—270°, and from the mixed 
methyl triphenylmethylpyrophosphonate, an acid, m. p. 266—269°. Mixtures of these three 
products had the same m. p. The m. p. of the acid always extended over a noticeable range, 
usually from 266° to 270°, and at about 280° visible decomposition set in (Found: C, 72:4; 
H, 5-1; P, 10-1. C3,H3,0,;P, requires C, 72-4; H, 5-1; P, 98%). The acid is recovered 
unchanged after being heated for 20 hours in hydriodic acid—acetic acid (1:2). 0-3 G. of the 
acid was heated with 12 c.c. of 2N-hydrochloric acid in a sealed tube at 200° for 8 hours, and 
0-295 g. was recovered, m. p. 264—266°. : 

A. E. and B. A. Arbusov (J. pr. Chem., 1931, 130, 103, 126) believed they had obtained 
ethyl triphenylmethylpyrophosphonate, as a wax-like material, by the action of triphenyl-" 
bromomethane on tetraethyl pyrophosphite. With hydrochloric acid at 200° it yielded tri- 
phenylmethylphosphonic acid. As shown in the following experiment, ethyl triphenylmethyl- 
pyrophosphonate yields the pyrophosphonic acid under such conditions, whence it would seem 
that the substance of Arbusov and Arbusov probably has some other constitution. 

Ethyl «-triphenylmethylpvrophosphonate (0-4 g.) and 2N-hydrochloric acid (14 c.c.) were 
heated for 8 hours in a sealed tube at 195—200°. The solid product consisted of fine silky 
needles and a white cake, m. p. (dried) 245—260° (yield, 0-375 g.). The product was completely 
soluble in hot aqueous ammonia and was precipitated on acidification. Crystallised from glacial 
acetic acid, the first fraction melted at 266—268° (mixed m. p. with the pyrophosphonic acid, 
266—268°; with triphenylmethylphosphonic acid, 220—270°). Later fractions melted at 
200—240°, apparently because of incomplete hydrolysis, since by treatment with hydriodic 
and acetic acids these fractions gave the pyrophosphonic acid. No triphenylmethylphosphonic 
acid could be detected. A similar incomplete hydrolysis was obtained at 225—230°. 

Triphenylmethylpyrophosphonic acid forms crystalline salts of low solubility with ammonia 
and the alkali metals. Its insoluble silver salt has a strong tendency to associate with excess 
of the acid or of silver nitrate. It may be prepared as follows: The acid (1 g.) and 175 c.c. of 
0-02N-ammonia in 70% aqueous ethyl alcohol were refluxed until nearly all the acid had dis- 
solved; the hot filtered solution was added to 1 g. of silver nitrate in 100 c.c. of 90% alcohol. 
The silver salt separated as a white crystalline powder (prisms, about 0-01 mm. in length), 
which was dried at 100° (Found: P, 7-5; Ag, 24:9. C3gH 3,0,;P,Ag,. requires P, 7:35; Ag, 
25-5%). The pyrophosphonic acid can be regenerated unchanged from the silver salt. 

Alkylation of Triphenylmethylpyrophosphonic Acid.—(I) The acid (1 g.), methyl sulphate 
(2-2 c.c.), potassium carbonate (3 g.), and xylene (20 c.c.) were refluxed for 5 hours, excess of 
xylene added, and the liquor well washed with dilute aqueous alkali and with water. After 
evaporation of the xylene liquors and crystallisation of the residues from xylene-ether, 0-9 g. 
of colourless crystalline material was obtained, every fraction of which melted within the range 
227—-235°. Mixed with the already described methy] esters, it melted at 227—233°. 

(II) Ethylation, by a like process, of 1-5 g. of the acid yielded, from the xylene solution, 
0-21 g. of crystalline material (m. p. 217—-227°), and, as sparingly soluble material, 1-26 g. of 
the potassium salt of the acid. By fractional crystallisation the 0-21 g. was separated into the 
a (m. p. 221—223°) and 8 (m. p. 227—-233°) ethyl triphenylmethylpyrophosphonates. A third 
substance seems to be formed in the ethylation, since in the fractional crystallisation, the less 
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soluble («) fractions contained small amounts of a substance appearing as wisps of fine hair-like 
crystals. The a-ester could only be freed of these by repeated crystallisation. Both the 
a- and the @-ester obtained here yielded the original pyrophosphonic acid on treatment with 
hydriodic and acetic acids. Thev were identified by means of mixed melting points. 

The Addition Compound, [Ph,C-PO(OH),],,POCl,.—Phosphoryl chloride (8 c.c.), cooled to 
0°, was treated with 3 g. of dry and finely powdered phosphonic acid. After being kept at 0° 
for 3 hours, the excess of phosphoryl chloride was sucked off and the crystalline addition product 
was washed repeatedly by distilling light petroleum from sodium on to it. The product was 
left in a vacuum over sodium hydroxide and calcium chloride for 24 hours. Throughout the 
operations moisture was carefully excluded (Found: P, 11-65. C,,H3,0,Cl,;P,; requires P, 
11-6%). The substance is decomposed at once by water. The following analytical data were 
obtained by decomposing the substance with hot water, collecting the phosphonic acid produced, 
and estimating chloride and phosphate in the aqueous solution. The last two estimations are 
reported as the corresponding amounts of phosphorus and chlorine in the original material 
[Found : phosphonic acid, 80-46; Cl, 12-4; P (hydrolysable), 3-86. Cl: P in aqueous solution, 
2°82. (C,,H,,PO,),,POCI, requires phosphonic acid, 80-88; Cl, 13-2; P (hydrolysable), 3-87% ; 
Cl: P, 3-00]. The low chlorine content is probably due to the ease with which the addition 
product loses hydrogen chloride. The addition product is partly converted into the carbinol 
by sulphuric acid. 
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192. Halogen Derivatives of Dehydro-2-naphthol 1-Disulphide. 
By Joun A. C. McCLELLAND and SAMUEL SMILEs. 


DuRING experiments directed to the synthesis of dehydro-2-naphthol sulphide it was found 
(J., 1930, 1740) that removal of hydrogen bromide from 1-bromothiol-2-naphthol yielded 
the dehydro-derivative of 2-naphthol 1-disulphide (compare I). The formation of this 
substance was regarded as due to the unsymmetrical polymerisation of 1-thio-2-naphtha- 
quinone (I) which may be expected to be liberated at the initial stage of the process. Taking 
this view, it appeared possible that appropriate substitution of the naphthalene nucleus 
would modify the activity of the corresponding thioquinones sufficiently to permit their 
isolation or existence in equilibrium with the dehydro-disulphides. 

Experiments on this question have been begun by a study of the 3: 3’- and 6: 6’- 
dibromo- and 3 : 3’ : 6: 6'-tetrabromo-disulphides. An improved method of obtaining these 
substances by alkaline hydrolysis of the 1-thiocyanates renders the preliminary isolation of 
the thiol unnecessary (compare loc. cit., p. 1743). The corresponding dehydro-disulphides 
have been obtained from them by the following methods: (1) from the action of pyridine 
on the 1-bromothiol, (2) by oxidation with ferricyanide in aqueous alkaline solution, (3) by 
oxidation with bromine in presence of sodium acetate in acetic acid. The third of these 
methods is generally to be preferred. 

Further study of dehydro-2-naphthol 1-disulphide has confirmed the results of prelimin- 
ary experiments (loc. cit.) by showing the tendency of the dithio-system to lose half the 
sulphur; the products are generally those obtained from the dehydro-monosulphides. 


Br r 
(I.) ys S—S : (II.) 


\O eR = 
Br Br 


For example, the unsubstituted dehydro-disulphide (compare II) on reduction yields 
the iso-sulphide of 2-naphthol, with acetyl chloride chloro-«8$’a’-dinaphthathioxin is 
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formed, and reaction with bromine yields 3 : 4-dibromodehydro-2-naphthol sulphide. The 
behaviour of the bromo-derivatives with the two last-named reagents under conditions 
effective with the parent substance shows the restriction in activity to be expected with 
substitution in the 3-position. The 6: 6’-dibromoquinol yields the chlorothioxin with 
acetyl chloride, but is hardly attacked by bromine, whilst the 3 : 3’-dibromo- and 3 : 3’ : 6 : 6’- 
tetrabromo-derivatives are not attacked by either reagent. 

None of these dehydro-disulphides gave evidence of dissociation; their molecular 
weights in boiling benzene are normal and their solutions in hot anisole do not show the 
reversible changes of colour which might be expected. Moreover the 1-bromothiols of 
3-bromo- and 3 : 6-dibromo-2-naphthols gave the dehydro-disulphides in good yield by 
treatment with alkaline media; the monothio-quinones were not detected in the products. 
It is evident, if the isolation of monothio-quinones is attainable by this method, that 
substituents of a character different from that of bromine are required. 

The preparation of unsymmetrically substituted derivatives of 2-naphthol 1-disulphide 
has been attempted with a view to obtaining from them the dehydro-disulphides and 
examining the possibility of resolving the latter by hot solvents into mixtures of symmetrical 
components. The method used, reaction of a bromothiol with a thiol, has been successfully 
applied by Lecher (Ber., 1920, 58, 583) to simpler cases, but with the disulphides now in 
question mixtures were obtained and the difficulty of resolving them rendered continuation 
of the work impracticable. Attentionisdirected to the conversion of 2-naphthol 1-disulphide 
and its derivatives into the monosulphides by reaction with the corresponding 2-naphthol 
in alkaline solution. Two examples are recorded, but further investigation of the process 
has not been made. 


EXPERIMENTAL. 


2-Naphthol 1-Disulphide.—2-Naphthol 1-thiocyanate, prepared and isolated from 2-naphthol. 
(33-5 g.), bromine, and sodium thiocyanate as previously described (/oc. cit.), was hydrolysed 
(90—100°; }$ hour) by asolution of sodium hydroxide (50 g.) in water (500 c.c.). Addition of 
dilute sulphuric acid to the filtered solution liberated the required disulphide (75% yield). 

6 : 6’-Dibromo-2-naphthol 1-Disulphide, (CjgH,;Br-OH),S,.—Acetic acid (120 c.c.) containing 
bromine (12 c.c.) was slowly (} hour) added to a cooled and stirred solution of 6-bromo-2- 
naphthol (52 g.) and sodium thiocyanate (72 g.) in acetic acid (600 c.c.). The thiocyanate, 
isolated by dilution (2000 c.c.), was hydrolysed as described ; the disulphide, liberated by dilute 
sulphuric acid, after being recrystallised from acetic acid, formed yellow needles, m. p. 174° 
(70% yield) (Found: C, 46-8; H, 2-5; Br, 31-6. C, H,,O,Br,S, requires C, 47-2; H, 2:3; 
Br, 31-5%). 


6-Bromo-2-naphthylene 1-thiolcarbonate, C gH sBr<P>co, was obtained from the thiocyanate 


by means of zinc and acetic acid. It separated from alcohol in needles, m. p. 167° (Found : 
C, 46-7; H, 2-0; S, 11-7. C,,H,;O,BrS requires C, 47-0; H, 1-8; S, 11-4%). 

3: 3’-Dibromo-2-naphthol 1-disulphide was prepared by the method used for the 6-bromo- 
derivative. It was found necessary further to purify the crude material as the sodium salt by 
addition of brine to the alkaline solution. Liberated from this by dilute sulphuric acid and 
recrystallised from acetic acid, the substance formed yellow needles, m. p. 176° (Found; C, 
46-9; H, 2-6%). 

3: 3’: 6 : 6’-Tetrabromo-2-naphthol 1-disulphide was prepared in a similar manner from 3 : 6- 
dibromo-2-naphthol. Further purification of the crude product was effected by crystallisation 
of the sodium salt from warm aqueous sodium hydroxide. The required disulphide formed 
yellow needles, m. p. 221°, from benzene (Found: C, 35-8; H, 1-5; Br, 47-8. CygH,9O,Br,S, 
requires C, 36-0; H, 1-5; Br, 48-0%). 

When 2-naphthol 1-disulphide or the 6-bromo-derivative was kept (2 hours, 90—100°) in 
10% aqueous sodium hydroxide with 2-naphthol or 6-bromo-2-naphthol (2 mols.) respectively, 
the corresponding monosulphide was formed and isolated in almost theoretical amount. These 
products were identified with authentic specimens. 

Dehydro-2-naphthol 1-Disulphide.—Acetic acid (16 c.c.) containing bromine (1-6 g.) was 
slowly added to a stirred suspension of the disulphide (3-5 g.) and sodium acetate (5 g.) in the 
same solvent. Unchanged disulphide was removed from the crystalline precipitate by means of 
aqueous sodium hydroxide; the insoluble material (70%) separated from benzene in yellow 
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prisms, m. p. 170°, which were identical with material obtained (loc. cit., p. 1745) from the 
bromothiol or by oxidation with ferricyanide. When this dehydro-disulphide was treated 
(} hour) with excess of boiling acetyl chloride an almost theoretical yield of chloro-«68’«’- 
dinaphthathioxin (m. p. 173°) was obtained (compare J., 1912, 101, 715). When a solution of 
bromine (2—3 mols.) in acetic acid was added to acetic acid containing the dehydro-disulphide 
(1 mol.) in suspension, the latter dissolved and was replaced by a precipitate of the tribromo- 
derivative of the dehydro-monosulphide (J., 1932, 639); this gave as usual the 3 : 4-dibromo- 
dehydro-sulphide (m. p. 208°) on treatment with pyridine. 

6 : 6’-Dibromodehydro-2-naphthol 1-disulphide, prepared in a similar manner from the di- 
sulphide with bromine and sodium acetate in acetic acid, formed yellow prisms, m. p. 190°, 
from benzene (Found: C, 47-5; H, 2-3; S, 12-4; M, in boiling benzene at various concen- 
trations, 506, 502, 512. C, 9H, 0,Br,S, requires C, 47-4; H, 2-0; S, 12-6%; M, 506). 

3 : 3’-Dibromodehydro-2-naphthol 1-disulphide was prepared: (a) by oxidation of the 
disulphide with bromine in presence of sodium acetate as usual (70% yield), and (b) the 1-bromo- 
thiol prepared from the disulphide (4 g.) by treatment with the theoretical amount of bromine 
in cooled dry carbon tetrachloride was suspended anew in this solvent (50 c.c.), and the mixture 
kept (1 hour) at room temperature before being washed with water. The residue obtained from 
the carbon tetrachloride and the product from (a) were purified from benzene. The substance 
formed yellow prisms, m. p. 184—185° (Found : C, 47-0; H, 2-2; S, 12-4%; M, 492, 489, 495). 

3: 3’: 6: 6’-Tetrabromodehydro-2-naphthol 1-Disulphide (I1)—The bromothiol obtained 
from the disulphide (6-7 g.) was treated (1 hour) in carbon tetrachloride (100 c.c.) with pyridine 
(3 g.) at room temperature. After removal of excess of the base and its hydrobromide by the 
usual method the dehydro-derivative was isolated (75% yield) from the solution. It separated 
from benzene and light petroleum in yellow prisms, m. p. 189° (Found: C, 35-9; H, 1-3; 
S, 9-4; M, 665, 682. C,9H,O,Br,S, requires C, 36-1; H, 1-2; S, 9-6%; M, 664). 


We thank the Department of Scientific and Industrial Research for a grant to one of us 
(J. A. C. McC.). 
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193. The Rotatory Dispersion of Organic Compounds. Part XXI. 
Cyclic Derivatives of Tartaric and Malic Acids. 


By BrRYNMOR JONES. 


DEVELOPING the suggestion implicit in the Bakerian Lecture for 1921 (Lowry and Austin, 
Phil. Trans., 1922, A, 222, 287) that the anomalous dispersion of tartaric acid may be due 
to rotation of the two halves of the molecule about the single link connecting them, Austin 
(J., 1924, 125, 1939; 1925, 127, 1926; Trans. Faraday Soc., 1930, 415) has shown not only 
that such bridged derivatives as methylenetartaric acid and diacetyltartaric anhydride ex- 
hibit simple dispersion, but also that the sensitiveness of the rotatory powers to changes of 
solvent and concentration, characteristic of tartaric acid, also disappears. As a result it 
was concluded that, although simple dispersion may be simulated by certain derivatives of 
tartaric acid, the dispersion is really simple only when some form of bridging is present in 
the molecule. 

The primary aim of the present investigation was to confirm this conclusion by extending 
the measurements in the ultra-violet aswell as the visible region to cyclic derivatives of malic 
and tartaric acids and esters, and to determine whether or no the dispersion could be 
simplified by the formation of ring structures which do not exclude the possibility of 
rotation. The results are of particular interest, and it appears that only when the possibility 
of rotation is definitely excluded is the dispersion really simple. The simultaneous dis- 
appearance of the anomaly of the rotatory dispersion and the flexibility of the rotations is 
again observed (compare Austin, Joc. cit.). 

Tables I and II give the specific rotations between 4 = 6708 and 3296 of methyl and 
ethyl benzylidenetarirate in ethyl acetate and methyl alcohol respectively, the dispersion 

















Dispersion of Organic Compounds. Part XXI. 789 


equation * being the same as for methylenetartaric acid. Measured in ethyl acetate 
solutions of approximately the same concentration, the specific rotations of these two esters 
are practically identical (compare Tables I and III). 


TABLE I. 


Rotatory Dispersion of Methyl Benzylidenetartrate in Ethyl Acetate at 20°. 
p = 20°36, d&" = 0:9605, a/asyg, = 0°2547/(A2 — 004356). 








1 51°46 Fe 3609 1410 2°925 2°936  —I11 1317 
2 52°60 Fe 3462 16:10 3341 3337 +4 4 150°4 
Fe 3239 20:10 4171 4152 +19 18777 


Cu 5153 =. 20°13 


1 147 
Cu 5105 20°57 =1°171 


173 


@/a5461- a/a5461- 
i ™ 

Wave- a 1000 Wave- a 1000 

length. (J=2). Obs. Cale. (O-C). [al]. length. (/=2). Obs. Cale. (O-C). [al]. 
Li 6708 —11-01° 0°627 0°627 -+- —28°:15° Cd 5086 —20°80° 1:184 1:184 +  —53-19° 
Cd 6439 12°07 0°687 0°687 + 30°85 Zn 4811 23°78 1°354 1°356 — 2 60°80 
Zn 6363 12°42 0°707 0°706 +1 31°75 Zn 4722 24°87 1°416 1419 — 3 63°59 
Li 6104 13°61 0°775 0°774 +1 34°80 Li 4602 26°53 1510 1510 + 67°85 
Na 5893 14°75 0°840 0°839 +1 37°72 Hg 4358 30°47 1:735 %41:739° =— 4 77°92 
Cu 5782 15°39 0O°876 0°876 ot. 39°35 a (l=1) 

Hg5780 15°41 0°877 0°877 = 39°40 Hg 5461 4°82 -a- = —- 45°01 
Hg 5461 17°57 + 1:000 ~~ 1:000 -{- 44°92 Fe 4062 10°10 2:095 2:098 — 3 94°32 
Cu 5218 19°57 1:114 1:114 =f. 50°04 Fe 3808 12:10 2°511  2°512 — 1 113°0 


1 
1 


TABLE II. 
Rotatory Dispersion of Ethyl Benzylidenetartrate in Methyl Alcohol at 20°. 
= 13°58, d%* = 0°8322, a/asyg, = 0°2547/(A? — 0-04356). 
@/5a61- a/a5a61- 


r 
Wave- a 1000 Wave- a 1000 
length. (/=4). Obs. Calc. (O-C). [al]. length. (/=4). Obs. Calc. (O-C). [al]. 
Li 6708 —15°35° 0°629 0°627 +2 —33°95° Cd 5086 —28°90° 1:184 1°184 + —63°93° 
Cd 6439 16°79 0°688 0°687 +1 37°14 Zn 4811 33°04 1°354 1°356 —2 73°08 
Zn 6363 17°23 0°706 0°706 + 38°11 Zn 4722 34°52 1415 1°419 —4 76°37 
Li 6104 18°92 0°775 0°774 +1 41°86 Hg 4358 42°31 1°734 1°'739 —5 93°58 
Na 5893 20°50 0°840 0°839 +1 45°35 a(/=1). 
Cu 5782 21:40 0°877 0°876 +1 47°33 Hg 5461 7425 — — 
Hg 5780 21°40 0°877 0°877 47°33 Fe 4085 15°31 2°062 2°065 —3 112°9 
Ag 5466 2435 0°998 0°998 53°86 Fe 3834 18:31 2°466 2°464 +2 135°0 
Hg 5461 24:40 1:000 1-000 53°97 Fe 3730 19°81 2°668 2°666 +2 146:1 
Cu 5218 27:17 1:114 = 1:114 60°10 Fe 3638 21°31 2-870 2-867 +3 157:1 
Cu 5153 «27°98 =—«:1:147_—Ss:1°147 61°90 Fe 3558 22°81 3072 3:067 +5 168°2 
Cu 5105 28°62 1:173 1:173 63°32 Fe 34388 25°31 3°409 3°412 —3 1867 
Fe 3296 29:11 3:920 3:916 +4 2147 


TABLE III. 


The Rotatory Dispersion of Ethyl Benzylidenetartrate in Ethyl Acetate at 20°. 
p = 28-40, d%" = 0-9700, a/asyg, = 0°2573 /(A2 — 0°04086). 


a/ass61- @/as461- 
Wave- a Se 1000 Wave- a 7 1000 
length. (/=2). Obs. Cale. (O-C). [a]. length. (/=2). Obs. Cale. (O-C).  [al. 
Li 6708 —16°04° 0°630 0°629 +1 —29°12° Cu 5218 —28°30° 1:112 1:°112 + —51°37° 
Cd 6439 17°55 0°690 0°689 +1 31°86 Cu 5153) —-29°14) 11145-1145 -f- §2°90 








HEHEHE HEHEHE 








Zn 6363 18°00 0°707 0°707 + 32°69 Cu 5105 29°82 1:172 1171 +1 5413 
Li 6104 19°73 0°775 0°776 —1 35°82 Cd 5086 §=930°09 «1182 1181 +1 5461 
Na 5893 21°38 =00°840 = 0°840 + 38°82 Zn 4811 34°31 1:349 1°351 —2 62°30 
Hg 5780 22°34 0°878 0°878 + 40°55 Cd 4800 34°54 1:357 1°357 + 62°69 
Cu 5700 23°07 0°906 0°906 + 41°88 Zn 4722 35°92 1°412 1°413 —1 65°20 
Ag 5466 25°42 0°999 0°998 +1 46:13 Li 4602 38°24 1°503 1°506 —3 69°41 
Hg 5461 25°45 1:000 1:000 + 46°20 Hg 4358 44:04 1°731 1°727 +4 79°95 





* Although all the measurements, with the exception of those in benzene, on the benzylidene ethers 
can be satisfactorily represented by the above equation, it appears that the rotations observed in the 
visible region for the ethyl ester in ethyl acetate are best represented by an equation with slightly 
different constants (Table III). 

3a 
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TABLE IV. 
Rotatory Dispersion of Methyl Benzylidenetarirate in Benzene at 20°. 
a/as4g1 = 0°2627/(A2 — 0°03547). 











































Solution I, p = 18°56, ay = 0°9326, Solution II, p = 16°60, ax’ = 0°9260. 
a/a5a61- a/a5461- 
" tie. 
Wave- I 1000 II 1000 
length. a(/ = 2). Obs. Calc. (Q-C). [a]. a(7 = 2). Obs. (O-C). [a]. 

Li 6708 — 8°90° 0°635 0°634 +1 —25°72° —7°88° 0°634 + —25°63° 
Cd 6439 9°73 0°694 0°693 +1 28°10 8°60 0°691 —2 27°98 
Zn 6363 9°98 0°712 0°712 +- 28°83 8°85 0-711 —l 28°78 
Li 6104 10°91 0°779 0°779 -t- 31°52 9°70 0°780 +1 31°56 
Na 5893 11°80 0°842 0°843 —1 34:09 10°48 0°842 -—1 34°09 
Hg 5780 12°32 0°880 0-880 =} 35°60 10°94 0°880 -{- 35°60 
Cu 5700 12°69 0°906 0°907 —1 36°66 11°29 0°908 +1 36°72 
Ag 5466 13°96 0°997 0°997 ob 40°33 “= — — _— 
Hg 5461 14°01 1-000 1-000 -t- 40°46 12°44 1-000 a. 40°46 
Cu 5218 15°51 1:108 1-110 —2 44°80 13°80 1-110 a 44°90 
Ag 5209 — — 1-114 _ — 13°83 1°112 —2 45°00 
Cu 5153 15°97 1°140 1°141 —l1 46°14 14°20 1-142 +1 46°20 
Cd 5086 16°50 1-178 1°177 +1 47°67 14°60 1:174 —3 47°50 
Zn 4811 18°76 1°339 1-341 —2 54°19 16°67 1-340 —1 54°22 
Cd 4800 18°88 1-348 1-348 oh 54°55 16°75 1°347 —l1 54°47 
Zn 4722 — — 1-401 — — 17°42 1-400 —1 56°66 
Li 4602 20°86 1-489 1-490 —l 60°27 18°53 1-489 —1 60°28 
Hg 4358 23°84 1-702 1-702 ut. 68°86 21°17 1-702 =f: 68°86 


As with tartaric acid, ring formation is accompanied by the development of simple 
dispersion and high rotatory powers relatively insensitive to changes of solvent and con- 
centration. Although the changes observed in the rotatory powers are somewhat greater 
than those found with methylenetartaric acid, they do not affect in any way the simple 
character of the dispersion and are of a totally different order from those observed with 
tartaric acid and its methyl and ethyl esters (compare experimental section). There can be 
little doubt of the correctness of formula (I) for the alkyl benzylidenetartrates, and the 
simple character of their rotatory dispersion establishes for the esters the correctness of the 
view that the bridging of the hydroxyl groups eliminates the optical anomalies. 

Condensation of tartaric acid with benzaldehyde gave a dextrorotatory dibenzylidene- 
tartrate of exceptionally high rotatory power. Although a pure specimen was not obtained, 
the dispersion was approximately simple. Of two specimens prepared independently, one 
gave rotation values which agreed with a one-term Drude equation more satisfactorily 
than the other. Such behaviour suggests that a pure specimen would show simple dis- 
persion, although this cannot be regarded as established. As with dimethylenetartrate 
(compare Austin, loc. cit.), two formule are possible, a five- or a six-membered ring structure, 
but in the light of the present evidence (III) is preferable to (II) since its greater rigidity 
eliminates the rotation which is still possible in (II). 





CO 
O-CH-CO,R = PhHC—O Cco—O —_ A al 
PhHCE CH—CH ( GHC 
obt-c0,R oe oda Aan, /ACHPh 
(I.) (II.) (III.) 


The effect of such a bridging on the rotatory power and dispersion of tartaric acid and 
its esters having been established, malic acid was investigated. Condensation of the 
carboxyl groups with the formation of an anhydride ring is readily effected when the 
hydroxyl group is acetylated at the same time. Acetylmalic anhydride is strongly levo- 
rotatory, and Tables V and VI show that solutions in acetone and acetic anhydride exhibit 
simple dispersion. In the presence of a small amount of water the anhydride ring opens 
to form acetylmalic acid and mutarotation is observed. 
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TABLE V. 


Rotatory Dispersion of Acetylmalic Anhydride in Acetone at 20°. 
a/as4g, = 0°2204/(A2 — 0-07758). 


Solution I, p = 31°87, ax’ = 0°9345. Solution II, 18°83 g. in 100 c.c. 
a/a5461- a/O5a61- 
Er smn tA —_—_—__ee~ 
Wave- I 1000 II 1000 
length. a(/ = 4). Obs. Calc. (O-C). [a]. a(/ = 2). Obs. (O-C). [a]. 
Li 6708 —21°80° 0-590 0°592 —2 —18°30° —7:09° 0°592 -}- — 18°82° 
Cd 6439 24°15 0°654 0°654 + 20°27 7°82 0°653 —1 20°76 
Zn 6363 24°82 0-672 0°674 —2 20°84 8:07 0°674 aL 21°43 
Li 6104 27°58 0°747 O'747 2. + 23°16 8°95 0°747 -b 23°77 
Na 5893 30°18 0°817 0°817 + 25°33 9°79 0°817 + 26°00 
Hg 5780 31°69 0°858 0°859 —1 26°60 10°29 0°859 ao 27°31 
Ag 5466 36°87 0-998 0-996 +2 30°95 — — — 
Hg 5461 36°95 1-000 1-000 + 31:02 11-98 1-000 + 31°82 
Cu 5218 41°90 1°134 1-132 +2 35°17 13°59 1134 +2 36°08 
Cu 5153 — — 1°172 — — 14°04 1-172 + 37°28 
Cu 5105 44°53 1:205 1:204 +1 37°39 14°43 1:205 +1 38°32 
Cd 5086 — — 1-218 — — 14°62 1220 +2 38°83 
Zn 4811 53°00 1°434 1°434 -{- 44°49 17°23 1°438 +4 45°74 
Cd 4800 —_— — 1°443 — — 17°29 1°443 +- 45°89 
Li 4602 60°76 1-644 1°643 +1 51-00 19°68 1-643 + 52°26 
Hg 4358 72°51 1-963 1:963 + 60°87 23°50 1-962 —1 62°40 
TABLE VI. 


Rotatory Dispersion of Acetylmalic Anhydride in Acetic Anhydride at 20°. 
13°33 Grams of the anhydride in 100 c.c. of solution. 





@/5461- 

Wave- I II I II Mean, 1000 Mean, 

length. a. a. obs. obs. obs. Calc. (O-C). [a]. 
Li 6708 —5°48° 5°45° 0°593 0°592 0°593 0°593 ate —20°51° 
Cd 6439 6°06 6°03 0°655 0°654 0°655 0°655 ao 22-68 
Zn 6363 6°24 6°20 0°675 0°673 0°674 0°674 + 23°34 
Li 6104 6°93 6°89 0°749 0°747 0°748 0°748 + 25°92 
Na 5893 757 — 0°818 — 0°818 0°818 -+- 28°39 
Na 5780 7°95 7°92 0°860 0°859 0-860 0°860 ot 29°77 
Cu 5700 oo 8-21 — 0:891 0°891 0°891 -{- 30°79 
Ag 5466 —- 9°21 —- 0:999 0:999 0°997 +2 34°54 
Hg 5461 9°25 9°22 1-000 1-000 1-000 1-000 -- 34°63 
Cu 5218 10°48 10°45 1°133 1°133 1/133 1:132 +1 39°25 
Ag 5209 — 10°51 — 1-140 1°140 1:138 +2 39°42 
Cu 5105 — 11°10 — 1-203 1-203 1:204 —l 41°63 
Zn 4811 13°26 13°21 1:433 1°433 1°433 1°432 +1 49°64 
Zn 4722 14°01 13°97 1°515 1°516 1°516 1°515 +1 52°48 
Li 4602 15°18 15°13 1°642 1-641 1°642 1°641 +1 56°84 
Hg 4358 18°10 18°05 1-958 1-958 1-958 1-960 —2 67°80 


Columns I and II contain completely independent measurements of the same solution. 


In view of the agreement of all these results with the idea that anomalous rotatory 
dispersion is associated with the possibility of mutual rotation of the two halves of the 
molecule, it seemed desirable to extend the measurements to cyclic derivatives in which 
the possibility of rotation is not excluded, since the formation of ring structures irrespective 
of the conception of rotation may play a decisive part in changing the character of the 
dispersion. 

Two such compounds are (IV) and (V), first prepared by Patterson and McMillan (J., 
1912, 101, 795) by the action of chloral on ethyl tartrate and ethyl malate. 


(2) CH(OH)-CO,Et CH,°CO,Et CH(OAc)-CO,Et 
(x) CH-O\ cy, CHOW oq, CHOW cy, 
boo Ch Cs Loo CH CAs boo CH CCs 
(IV.) (V.) (VI.) 


The ethyl tartrate-chloral product, ethyl 8’8’8’-trichloro-«’-hydroxyethyl «-anhydro- 
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tartrate, is dextrorotatory in ethyl alcohol and the specific rotations of a 12-41% and a 
21-25% solution are practically identical, while the dispersion in the visible region appears 
to be simple. This observed simplicity must, however, be regarded with some suspicion, 
since the dispersion ratio, o4358/%54g; = 1-613, although above the theoretical minimum 1-57 
for a simple dispersion, is a little lower than the lowest value (1-630) usually found with 
compounds of simple dispersion. Moreover, acetylation gave an acetyl derivative having 
a dispersion ratio of 1-531. Such a value, well below the theoretical minimum, shows that 
the dispersion cannot possibly be simple. Since the results of analysis agree satisfactorily 
with a compound of structure (VI), this definite departure from simplicity suggests that, 
although simple dispersion may be simulated by compounds having a ring structure of the 
type shown, the dispersion is not really simple. 
The dispersion results are summarised in Tables VII, VIII, and IX. 


TABLE VII. 


Rotatory Dispersion of the Ethyl Tartrate—Chloral Condensation Product in 
Ethyl Alcohol at 20°. 
p = 21-25, d%” = 0°8856, a/asyg, = 0°2860/(A* — 0°01230). 








a/a5s61- a/a5461- 

Wave- a 1000 Wave- a 1000 

length. (/=2). Obs. Calc. (O-C). [a]. length. (/=2). Obs. Cale. (O-C). [a]. 
Li 6708 +11°06° 0°654 0°653 +1 +29°39° Cu 5218 +18°57° 1:099 1-100 —l +49°34° 
Cd 6439 12°00 0-710 O-711 —l1 31°80 Cu 5153) 19°11) =—1°130)—Ss:1°129 +1 50°76 
Zn 6363 12°33 0°729 0°729 bE 32°76 Cd 5086 §=19°58 1°159 1161 —§ 52°02 
Li 6104 -13°39 0°793 0°794 —l1 35°58 Zn 4811 22°08 1°307 = 1°306 +1 58°65 
Na 5893 14°43 0°854 0°854 -}- 38°34 Cd 4800 22°14 1°310 = 1°311 —l 58°83 
Hg5780 15°02 0°889 0°889 -- 39°91 Cd 4678 23°38 1°383 1°385 —% 62°13 
Cu 5700 15°46 O°915 O°915 + 41:08 Li 4602 2421 1°433 1-434 —1 64°33 
Ag 5466 16°84 0°996 0°998 —2 44°75 Hg 4358 27°20 1°610 = 1°610 + 72°28 
Hg 5461 16°90 1:000 1-:000 oh 44°91 

TABLE VIII. 


Rotatory Dispersion of the Ethyl Tartrate—Chloral Condensation Product in 
Ethyl Alcohol at 20°. 
p = 1241, d%* = 0°8460, a/asyg, = 0°2845/(A? — 001366). 








@/A5461- a/a5s61- 
+ «4 ee 
Wave- a 1000 Wave- a 1000 
length. (/=2). Obs. Calc. (O-C). [al]. length. (/=2). Obs. Calc. (O-C). [a]. 
Li 6708 +6°115° 0°652 0°652 + -+29°12° Ag 5209 +10°36° 1:105  1°105 + +49°34° 
Cd 6439 6°64 0'708 0°710 —2 31°63 Cu 5153 =10°56) =1:126 1°130 —4 50°30 
Zn 6363 6°83 0°728 0°728 + 32°52 Cu 5105 10°83 1:155 = 1°152 +3 51°58 
Li 6104 7°43 0-792 0°793 —1 35°38 Cd 5086 10°90 1°162 1°161 +1 51°91 
Na 5893 —- 800 0°853 = -0°853 -b 38°12 Zn 4811 12°26 1°307 = 1°307 + 58°40 
Hg 5780 8°32 0°887 0°888 —1 39°64 Cd 4800 12°31 1°312 = 1°313 —1 58°63 
Cu 5700 = =8°55 0-912 0-914 —2 40°75 Li 4602 13°49 1438 1°436 +2 64°26 
Hg 5461 89°38 1:000 = =1:000 + 44°68 Hg4358 15°13 1613 1°615 —2 72°06 
Cu 5218 10°31 1:099 1°100 — 49°10 
TABLE IX. 


Rotatory Dispersion of the Acetyl Derivative of the Ethyl Tartrate—Chloral 
Condensation Product in Ethyl Alcohol at 20°. 
p = 9°06, d%” = 0°8282. 


Wave-length. a(/ = 4). Obs. [a]. Wave-length. a(/ = 4). Obs. [a]. 
Li 6708 +5°465° 0°666 +18°21° Cu 5218 +8-960° 1-092 +29°85° 
Cd 6439 5°975 0°728 19°91 Cu 5153 9-170 1118 30°55 
Zn 6363 6°110 0°745 20°36 Zn 4811 10°520 1°282 35°05 
Li 6104 6°582 0°802 21°95 Cd 4800 10°565 1288 35°22 
Na 5893 7-090 0°864 23°62 Zn 4722 10°940 1°333 36°46 
Hg 5780 7°345 0°895 24°47 Cd 4678 11°045 1°346 36°81 
Cu 5700 7515 0°916 25°04 Li 4602 11°340 1°382 37°79 
Hg 5461 8°205 1-000 27°35 Hg 4358 12-560 1°531 41°85 


Each value of a is the mean of two independent sets of measurements. 
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DISCUSSION. 


Although most investigators have adopted the view first put forward in 1858 by Arnd- 
sten, that the anomalous rotatory dispersion of tartaric acid is due to the presence of two 
optically active forms of opposite rotatory power and unequal dispersion, and have 
attempted to account for the anomalies by some form of isomerism, the nature of this iso- 
merism even at present receives less general assent than its existence. In an attempt to 
make this hypothesis more definite Lowry and Austin have speculated on the origin of 
such forms, and have tentatively suggested that the composite character of the dispersion 
may be due to the formation of internal co-ordination compounds of the type shown below ; 
such compounds depending for their existence on an interaction between the carboxylic 
oxygen and the hydroxylic hydrogen. 


OH 


C H 
oF \cH% a pm O—H 
tk CH i ki CH-CHC am 

No NG i 


While such co-ordination compounds might be formed in the case of tartaric acid and its 
esters, this type of co-ordination must be impossible in such derivatives as methoxysuccinic 
acid and diacetyltartaric esters where the hydroxylic hydrogen has been replaced by 
alkyl or acyl groups respectively. This is evident from the study of ortho-substituted 
phenols of the type X-C,H,-OH (where X is NO,, CHO, or CO,Me), where solubility and 
parachor data show that the co-ordination of the phenols vanishes in the methyl ethers 
(Sidgwick and Callow, J., 1924, 125, 527; Sidgwick and Bayliss, J., 1930, 2027). Thus, 
although this interpretation accounted for most of the observations on tartaric acid and is 
a distinct advance on the view of Astbury (Proc. Roy. Soc., 1923, A, 102, 506), it cannot 
provide a general theory for the anomalous rotatory dispersion in the tartaric acid series, 
since it fails to harmonise with the observed anomalous dispersion of diacetyltartaric 
esters (Austin, J., 1928, 1825). Bancroft’s recent attempt to formulate the two isomerides 
postulated in Arndsten’s hypothesis is open to similar criticism (Bancroft and Davis, 
J. Physical Chem., 1930, 899). 

More recently Austin has supported the idea that the anomalous character of the dis- 
persion may be due to the possibility of rotation about the single link joining the asym- 
metric carbon atoms and has established the simple character of the dispersion of certain 
cyclic derivatives. Whether the development of ring systems irrespective of their position 
in the molecule is capable of producing simple dispersion remained unknown. 

From the above results it appears now that, while the formation of ring systems plays 
a decisive part in removing the gross anomalies of the parent acids and their esters and in 
the development of high rotatory powers, the dispersion is never really simple except in 
those ring structures in which freedom of rotation is prevented, either by bridging the two 
hydroxyl groups as in ethyl benzylidenetartrate or the two carboxyl groups as in diacetyl- 
tartaric and acetylmalic anhydride. 

This interpretation would have rested on a surer foundation, however, if it were definitely 
known that formule (IV) and (V) represent the true structure of the chloral condensation 
products. Unfortunately, others are possible, namely (VII) and (VIII), and at present 
there is no definite proof that the compounds studied have the 5- and not the 6-membered 
ring structure. 


CO,Et ¢O-O 

(vil) CGH-O (ia CHOC (VIIL.) 
CH-OH >CH-CCl, ree 
CO-O0~ CO,Et 


The presence in the molecule of a 6-membered ring of the above type would exclude the 
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possibility of rotation as efficiently as the 5-membered ring in ethyl benzylidenetartrate, 
and consequently, if the origin of the anomalous dispersion is to be sought in terms of 
rotation, the dispersion of such compounds should be simple. While there is no direct 
evidence which would discriminate between the two alternate structures, indirect evidence 
is provided by the predominance of 5-membered rings in (1) the condensation of glycerol 
with benzaldehyde (Irvine, Macdonald, and Soutar, J., 1915, 107, 337; Hibbert and co- 
workers, J. Amer. Chem. Soc., 1928, 50, 2235, 2242), (2) the formation of sugar carbonates 
and the acetone sugars (Haworth, “ Constitution of Sugars,” Ed. Arnold & Co., 1929), 
and (3) the formation and hydrolysis of lactones (Haworth, op. cit.). The evidence from 
the study of lactones is noteworthy, since, owing to the presence of carboxyl groups, they 
resemble more closely the tartrates examined in the present investigation. On the other 
hand, the opposing tendency, 7.c., the formation of 6-membered rings, is manifest in the 
sugars themselves. 

Reviewing the whole of the evidence summarised above, it appears reasonable to con- 
clude in the absence of more direct evidence that in the condensations of ethyl tartrate 
and ethyl malate with chloral, the 5-membered ring structure is the more likely, and that 
the compounds studied in the present investigation have the structures (IV) and (VI). 

Although the disappearance of the optical anomalies can be accounted for in terms of 
rotation, Wolf (vans. Faraday Soc., 1930, 317; Physikal. Z., 1930, 31, 227 ; ‘‘ The Structure 
of Molecules,’” Blackie, 1932), from a preliminary study of the dipole moments of ethyl 
tartrate, considers that rotation of the two halves of the molecule is not free but that there 
are several (probably 3) positions of minimum potential energy in which the molecule may 
become stationary and that at moderately low temperatures an equilibrium is set up be- 
tween various rotational isomerides. Such an hypothesis would still be in accordance with 
the view here advanced, as the ring formation which leads to simple dispersion would then 
stabilise the molecules in one form. 

The effect on the dispersion of another centre of asymmetry, however, must not be 
overlooked, for, apart from the possible formation of more than one type of ring structure, 
condensation of chloral with ethyl tartrate results in the carbon atom originally belonging 
to the aldehyde group of the chloral molecule becoming asymmetric. Whether the 
production of another such centre of asymmetry is sufficient to account for the complexity 
of the dispersion remains unknown, but it is interesting in this connection to recall that the 
simple rotatory dispersion of sucrose is not destroyed by the presence of nine asymmetric 
atoms in the molecule. 

Apart from the change in the character of the dispersion, cyclic derivatives of tartaric 
and malic acids are of particular interest on account of the marked exaltation in the 
rotatory power that accompanies ring formation, and of the reversal of sign that takes 
place in the former when the two halves of the molecule are bridged as in formula (X). 
Thus in addition to the strongly levorotatory methyl and ethyl benzylidenetartrates and 
methylenetartaric acid there are other examples in the literature of compounds of similar 
structure which are levorotatory, e.g., methyl and ethyl thionyltartrate. 


RO,C-CH-OV Et0,C-CH-OV pc} 
RO,CCHO7> Et0,C-CH-O7 
(X. R= Hor Alkyl; X = CH,, CHPh, or SO) (XI.) [aly = — 120° (ca.). 


By warming ethyl tartrate with thionyl chloride, Schiller (Ber., 1909, 42, 2017) obtained a 
product which gave [«]» — 56-7°: the corresponding methyl ester gave [a]) — 61°. 
McKenzie and Barrow (J., 1911, 99, 1920), however, found that when the reaction was 
carried out at room temperature a much higher rotatory power was observed, [«]}?" — 184-6° 
in ethyl alcohol, and [«]) — 189° for the ethyl ester. In spite of the discrepancy in the 
actual values of the rotatory powers there can be little doubt that the alkyl thionyltartrates 
are strongly levorotatory. 

Further evidence is provided by the isolation by Clough (Tvans. Faraday Soc., 1914, 
136) of a compound (XI) obtained by the action of phosphorus trichloride on ethyl tartrate. 
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On hydrolysis it gives hydrogen chloride, phosphorous acid, alcohol, and tartaric acid. 
Potassium ethyl borotartrate is also levorotatory, [«]3%¢ — 24-63° in methyl alcohol. 

In view of the fact that all the above compounds are levorotatory irrespective of the 
nature of the fifth atom forming the ring, it appears that whenever the hydroxyl groups 
are bridged in this manner with the formation of a 5-membered ring there is a reversal of 
the sign of rotation, levorotation resulting. 


EXPERIMENTAL. 


Each rotation value recorded in the tables is the mean of at least ten readings of the analyser 
scale : with the more difficult blue lines, the usual number was sixteen. Whenever possible, 
doubtful readings were redetermined. 

Measurements of the specific rotations first confined to the visible were later extended to the 
ultra-violet region whenever the amount of substance permitted such extension. In each case 
fresh solutions had to be made, and although the concentrations of the solutions used for the 
visible and the photographic readings were not identical they were sufficiently alike not to 
vitiate in any way the deductions made. Considerable difficulty was experienced in some cases 
in getting satisfactory readings at the shorter wave-lengths although several of the exposures 
were an hour in length, and a feweven longer. Nevertheless, most of the measurements recorded 
have been carried out over a sufficiently large range of wave-lengths to give a true indication of 
the dispersion. 

Ethyl Benzylidenetartrate—To a warm mixture (70—80°) of 21 g. of ethyl tartrate and 10-5 
c.c. of freshly distilled benzaldehyde were added during 30 minutes 14 g. of phosphoric oxide 
(compare van Ekenstein and Blanksma, Rec. trav. chim., 1906, 25, 162). After 15 minutes, 
the whole was cooled and poured into 100 c.c. of water; the dark brown oil obtained, after 
solidifying and crystallising (thrice) from alcohol, gave white crystals, m. p. 48-5—49-5° (Found : 
C, 61-25; H, 6-2. C,;H,,0O, requires C, 61-45; H, 6-2%). The rotatory dispersion in ethyl 
acetate and methyl alcohol was simple. Both solutions were strongly levorotatory, and al- 
though the concentration of the ethyl acetate (p = 28-40) was approximately twice that of the 
alcoholic solution (p = 13-58) the difference in specific rotation was less than 20%. 

Methyl Benzylidenetarirate.—10 G. of methyl tartrate gave 8 g. of the crude benzylidene 
derivative, m. p. 74° after three crystallisations from methyl alcohol (Found: C, 58-7; H, 
5-3. C13H 40, requires C, 58-6; H, 53%). The dispersion was simple in ethyl acetate and 
benzene, the specific rotations changing by 10% on passing from an ethyl acetate (p = 20-36) 
to a benzene solution (pb = 16-60). The fall from 1-735 to 1-702 in the dispersion ratio, observed 
on changing the solvent (Tables I and IV) from ethyl acetate to benzene, cannot be due to the 
presence of impurity in the ester, since the specific rotations over the whole range of wave-lengths 
used and the dispersion ratio remained unaltered after further crystallisation. Table IV, then, 
in addition to confirming the change in the dispersion ratio, indicates the reproducibility of the 
measurements. 

Dibenzylidene Tartrate.—The method of van Ekenstein and Blanksma (loc. cit.) was followed, 
but difficulty was experienced in getting a specimen sufficiently pure for dispersion measure- 
ments. The best specimen obtained, m. p. 143°, gave [a]j, + 164-7° and [«]?%. + 138° (c = 
4-33 in ethylacetate). Van Ekenstein and Blanksma give m. p. 145°, and [a]p + 128° in methyl 
alcohol. There is reason to believe that the dispersion would be simple, but since the specimen 
prepared could not be completely purified, figures for the dispersion are not submitted. 

Acetylmalic Anhydride—Malic acid was acetylated by means of acetic anhydride and a drop 
of concentrated sulphuric acid. Since the anhydride was very soluble in acetic acid and anhydr- 
ide, these were removed by distillation under reduced pressure. Crystallisation from carefully 
purified benzene not sufficing to purify it (compare J., 1925, 127, 1926), very pure specimens 
were obtained by allowing hot solutions in A.R. acetic anhydride to cool ina desiccator. Owing 
to the deliquescent nature of the anhydride the acetic anhydride is best removed by desiccation 
over solid potassium hydroxide, or by washing with dry purified ether; m. p. 58° (Found: 
C, 45:3; H, 3-9. C,H,O, requires C, 45-5; H, 38%). Table V summarises the rotations 
observed with a solution in carefully purified acetone. Although no mutarotation was observed 
during the course of the measurements, the specific rotations had changed over a period of 24 
hours, the dispersion ratio falling from 1-963 to 1-926. On repeating the measurements with a 
specimen of the anhydride that had been crystallised from acetic anhydride almost immediately 
before use, in acetone dried over phosphoric oxide and fractionated, the dispersion was identical 
with the previous one. In acetone the specific rotations for all wave-lengths were practically 
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independent of concentration. To ensure that the rotatory power was being measured in a 
solvent free from traces of water, a solution in acetic anhydride was examined (Table VI). 
As anticipated, no mutarotation was observed over a period of several hours, but this change 
of solvent raised the specific rotations about 7% without producing an appreciable change in 
the dispersion. Since the observed rotations were small, two completely independent sets of 
readings were taken, thus increasing their accuracy. 

Ethyl 8’8’B’-Trichloro-a’-hydroxyethyl «-Anhydrotartrate (IV).—50 G. of ethyl tartrate and 
100 g. of chloral were refluxed at 125—130° for 30 hours (compare Patterson and McMillan, 
loc. cit.). Distillation at ordinary pressure, followed by distillation at reduced pressure, removed 
most of the excess chloral and unchanged ester. No attempt was made to distil the condens- 
ation product, since it showed signs of decomposition even at 4mm. pressure. The dark brown 
viscous oil, after cooling, was poured into water, roughly dried, and dissolved in light petroleum. 
On aspirating a current of air over the surface, small white crystals contaminated with a colour- 
less oil were obtained. These after 5 crystallisations from light petroleum melted at 72-5°— 
a value 4-5° higher than that recorded by Patterson and McMillan (Found: C, 31-3; H, 3-05. 
Calc. for CgH,O,Cl,: C, 31-2; H, 2-95%). 

The acetyl derivative, obtained by means of acetic anhydride, had m. p. 74° after crystallis- 
ation from light petroleum and alcohol (Found: C, 34-5; H, 3-35. Calc. for C,)»H,,0,CI, : 
C, 34:35; H, 317%). The specific rotations were considerably lower than those of the parent 
substance, and the dispersion was no longer simple. 


Chesterman : 
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194. Some New Co-ordination Compounds of Chromic Chloride. 
By D. R. CHESTERMAN. 


Piccin1 (Z. anorg. Chem., 1895, 8, 115) showed that hydrated green chromic chloride, 
[CrCl,,4H,O}C1,2H,O, when dissolved in acetone or ethyl alcohol is not ionised, although 
in methyl alcohol it is. He made no attempt to investigate the reason for this anomaly. 

Modern work has shown that chromic chloride can co-ordinate not only with water, 
but also with certain organic compounds. When the hydrated salt is dissolved in a suitable 
organic solvent, there is a possibility that the water round the chromium ion will be ousted 
by the excess of this new liquid, which will then take its place as the co-ordinating molecule. 
It is therefore probable that Piccini’s results involve the ionisation, not of hydrated chromic 
chloride, but of a new co-ordination compound of the salt. 

Of the three possible new compounds, one, v7z., that with ethyl alcohol, has already 
been prepared nearly pure. It is a red substance of composition CrCl,,3EtOH (Koppel, 
Z. anorg. Chem., 1901, 28, 461); here, chromium is almost certainly exerting its maximum 
co-ordination value of six, and the compound is [CrCl,,3EtOH], being un-ionised. This 
confirms Piccini’s observation, although apparently Koppel did not recognise this. 

It seemed of interest, therefore, to prepare the compounds with acetone and with 
methylalcohol. The latter was prepared comparatively easily by a modification of Koppel’s 
method, viz., by the action of hydrogen chloride on a suspension of powdered metallic 
chromium in pure methyl alcohol. The pure sali crystallised in green cubes having the 
formula CrCl,,4MeOH. This goes further to confirm Piccini’s work, for, with chromium 
still exerting its co-ordination value of six, the true formula would be [CrCl,,4MeOH]Cl. 
This salt should therefore be ionised in methyl-alcoholic solution, and this deduction was 
confirmed by the usual methods—instant reaction with silver nitrate to precipitate the 
chloride, and conductivity measurement. 

The simple acetone compound has not yet been isolated in the solid state, but by 
refluxing acetone with the hexahydrate a red salt of approximate composition 
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Cr,Cl,;OH,2CH,*CO-CH, was obtained; in view of the different conditions of preparation, 
this formula is not strictly analogous to those of the alcohol compounds. The results were 
extended by making resistance measurements of dilute solutions of green chromic chloride 
in acetone at 25-05°; the resistance gradually increased with time to a constant and very 
high value. At the same time the colour of the solution changed from green to purple. 
It was shown quantitatively that the change took place relatively more rapidly the more 
dilute the solution. This would be expected from the laws of mass action. These resistance 
values also support Piccini’s observation that no ionisation takes place: an un-ionised 
co-ordination compound had been formed with the acetone. 

It is. probably the greater size of the methyl alcohol molecules in [CrCl,,4MeOH]Cl 
which prevents two extra loosely held molecules from being present as in the compound 
[CrCl,,4H,O]C1,2H,O, with which it is otherwise analogous. However, the methyl alcohol 
molecule is small enough to allow four molecules to be co-ordinated with the chromic 
chloride, making it possible for one chlorine atom to be ionised. The still greater size of 
the ethyl alcohol molecule makes this impossible, at least in the solid state. Since only 
three molecules co-ordinate, the salt is necessarily un-ionised, so long as the co-ordination 
number of six is maintained. 

By slight modifications of the previous methods, the compounds with propyl and with 
isopropyl alcohol were obtained in a state of purity. It was thought that the symmetrical 
arrangement of the groups in isopropyl alcohol might lower the co-ordination number to 
form a compound [CrCl,,Pr8OH], but both compounds were actually very similar, and both 
contained three molecules of the alcohol. An attempt was also made to prepare the com- 
pound with butyl alcohol, and red needles were obtained similar to those of the propyl and 
ethyl compounds. Owing to the oily nature and high boiling point of butyl alcohol, the 
crystals were not obtained sufficiently dry to justify an analysis. They were insoluble in, 
water and had the same crystalline form as [CrCl,,3PrOH]; their reactions were also 
similar. 

Koppel (loc. cit.) states that the reaction between hydrogen chloride, chromium, and 
ethyl alcohol did not yield any indication of a chromous salt. Although these salts are 
unstable, they should be the first products of a reaction such as the above, and the experi- 
ment was carefully repeated. There is a latent period before chromium commences to react 
(this was found with all the alcohols examined); during this time a very rapid stream of 
hydrogen chloride was passed through the apparatus to remove all the air, and the chrom- 
ium then started to dissolve to form a very pale blue solution. If a stream of dry air was 
bubbled through it, however, the colour at once flashed over to the usual dark permangan- 
ate-red colour. It is therefore obvious that a chromous salt is the first product of the 
reaction. Even in absence of air, this changed slowly into the chromic salt, as the solution 
became more concentrated. 

Since the compound with methyl alcohol has the formula [CrCl,,4MeOH]Cl it should 
exist in a cis- and a ¢rans-form. The compound obtained formed small green cubes, but 
the solution from which these were crystallised was dark red, being green only at the be- 
ginning of the reaction before much chromium had dissolved. It is proposed to attempt 
the isolation of the red isomeride and to determine its structure. 


EXPERIMENTAL. 


The alcohols were the purest obtainable, and were dried over lime and redistilled immediately 
before use. The isopropyl alcohol, however, was specially purified by Boots’ and was used as 
supplied. A.R. Acetone was used without further purification. 

Compounds with Alcohols —Hydrogen chloride, from concentrated sulphuric acid and pure 
sodium chloride, was washed by concentrated sulphuric acid and then bubbled through 10— 
20 c.c. of the alcohol in which was placed a small piece of metallic chromium or a suspension of 
the powdered metal. The apparatus was constructed entirely of glass, the flasks having ground 
glass necks, and access of moisture was prevented by a final sulphuric acid bubbler. After 
reaction had ceased, excess chromium was filtered off in a desiccator, but this was unnecessary 
if a lump of metal had been used, for the solution remained quite clear. After several days 
crystals began to appear in the liquid, which was then rapidly transferred to a vacuum desiccator 
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over sulphuric acid. When the higher alcohols were used, repeated evacuations and replace- 
ments of the acid were necessary. 

The crystals were repeatedly washed with pure dry ether, a preliminary experiment in 
the same apparatus having shown that this did not react with chromic chloride. The ether 
was removed by re-evacuation, and the crystals were then analysed for chromium (as Cr,O3) 
and chloride (as AgCl), a tight-fitting weighing bottle being used [Found: (i) Cr, 18-24; Cl, 
37-16. CrCl,,4MeOH requires Cr, 18-14; Cl, 37-22%. (ii) Cr, 15-18; Cl, 31-64. CrCl,,3PreOH 
requires Cr, 15-36; Cl, 31-42%. (iii) Cr, 15-53; Cl, 31-40. CrCl,,3Pr®-OH requires Cr, 15-36; 
Cl, 31-42%]. 

Properties of the Compounds with Alcohols.—The compound CrCl,;,4MeOH formed green 
hygroscopic cubes, which dissolved readily in water and methyl alcohol to give green solutions. 
When heated, the crystals swelled enormously, and methyl! alcohol was evolved. The purple 
residue was converted into green chromic oxide on further heating. 

The two propyl alcohol compounds were odourless and un-ionised, and in common with 
many other un-ionised salts they were insoluble in water, but after a few minutes’ contact 
with water they suddenly decomposed, giving a green solution having the smell of the alcohol. 

They dissolved in their respective alcohols to give a pinkish solution which slowly became 
green; silver nitrate then gave a precipitate of the chloride, showing that ionisation had taken 
place. According to Koppel, the compound with ethyl alcohol behaves similarly. Probably 
an extra molecule of alcohol is added on, and the ionised compound is formed by an isomeric 
change : 

[CrCl,,3PrOH] + PrOH == [CrCl,,4PrOH]*Cl-. 


Compound with Acetone.—This compound could not be prepared from metallic chromium, 
since acetone in the presence of hydrogen chloride condenses to mesityl oxide, etc. A red co- 
ordination compound was isolated, but this was contaminated with oily material. The use of 
chlorine instead of hydrogen chloride led to formation of dichloroacetone. Preliminary experi- 
ments having shown that hydrated chromic chloride co-ordinated readily with acetone, the two 
were refluxed together and distilled under reduced pressure at 100°; some decomposition took 
place, but a red salt was obtained of approximate composition Cr,Cl,;OH,2CH,°CO’-CHs. This 
was also obtained by starting with the partially dehydrated salt Cr,Cl,OH,4H,O (Olie, Z. anorg. 
Chem., 1907, 52, 62). 

The changes in resistance (R, ohms) with time (mins.) of solutions of chromic chloride 
hexahydrate in acetone are shown in the tables. The measurements were made in conductivity 





cells in a thermostat at 25-05° + 0-05°, a previously calibrated bridge and resistance box being 
used. 
Resistance measurements of solutions of green chromic chloride in acetone. 
0°0403% Solution. Cell constant = 2-212. 
TAMAS coccccccecce 0 3 6 12 20 23 26 30 38 70 
RH cect 40°0 49°9 63°0 98°7 132°9 137°1 140°0 141°5 142°5 142°5 





0°751% Solution. Cell constant = 0°1453. 
, werner 0 6 12 18 30 42 51 54 57 63 80 
eiemineééceeese 2725 3480 4665 5915 7840 8645 8870 8930 8965 9020 9020 
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195. The Detection of Adsorbed Gas Films on Heated Filaments. 


By GoRDON VAN PRAAGH. 


RECENT work by Roberts has shown that the accommodation coefficient of the rare gases 
on hot metallic surfaces, 7.e., the extent to which the gas molecules acquire the temperature 
of the surface on which they are impinging, is affected by small traces of adsorbed impurities. 
It is known that the thermal emissivity of metals is also affected, and it is important to 
investigate how far these two factors are changed by thick films and by unimolecular films. 
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It has been shown that the thermal emissivity of a metal is decreased when it is covered 
by a “ thick ” film of compound, ¢.g., an iodide film some ten molecules thick on tungsten 
(Van Praagh and Rideal, Proc. Roy. Soc., A, 1931, 134, 385); but the emissivity is evidently 
unaffected by unimolecular layers, for Langmuir found that the emissivity of tungsten 
was that of the bare metal, when he knew from other considerations that the surface was 
covered by a monatomic oxygen film. Similarly a unimolecular platinum-iodine film is 
without effect on the emissivity of platinum (loc. cit.). 

However, the accommodation coefficient is affected both by thick films and by uni- 
molecular films, and the experiments described below show that the accommodation co- 
efficient of argon on a platinum filament is increased when the metal is covered by a mon- 
atomic film of adsorbed iodine. In the present paper experiments are described in which 
this method was used to establish the presence or absence of such a film on the platinum 
after the latter had been heated to various temperatures in iodine vapour at various 
pressures. The results obtained are in accordance with deductions based upon a study of 
the kinetics of the attack of platinum by iodine. 


EXPERIMENTAL, 


The apparatus used has already been described (/oc. cit.). Gas (99-5% argon, 0-5% nitrogen) 
from a cylinder was transferred to an evacuated reservoir, which was used as the source of 
argon for all the experiments. A certain pressure of argon was admitted to the vessel (sur- 
rounded by an ice-bath) containing the platinum filament, which was then heated with a 
“standard current.’’ The extent to which the filament is cooled by the argon depends upon 
the accommodation coefficient. Hence a knowledge of the latter can be obtained by measuring 
the temperature to which the wire is heated by the standard current in a standard pressure of 
argon. The following detailed account of one experiment will make clear the procedure adopted 
throughout. . 

The wire was glowed out in a good vacuum at 1650° K. A pressure of 0-08 mm. of argon was 
admitted to the reaction vessel and the filament heated with the standard current. (Various 
current strengths were used.) The temperature, ¢,°, of the filament was calculated from 
measurements of its resistance, the necessary corrections being applied, as already described. 
The argon was then pumped out and the wire heated to 7° K. in iodine at 0-027 mm. pressure. 
Finally the iodine was removed, 0-08 mm. of argon admitted, and the temperature, ¢,°, of the 
wire when heated by the standard current again measured. Some of the results are shown in 
the table. 


Expt. No. 3. 8. 17. 21. 
i ae aniicsisunnniieniidaaaamanion 310 1635 300 1565 
2 OLR INT HE 14:1 13-0 32-2 36-3 
OP ienikc stom buciatiasedaabdianees 12°8 13-0 30°6 35°5 


The temperature /° was known to 0-2°. In Expt. 8 the temperature /° is the same before and 
after treatment with iodine, showing that no film has been formed, whereas the other experi- 
ments indicate the formation of a film. 


DISCUSSION. 


These experiments indicate that after the wire has been heated in 0-027 mm. of iodine 
to a temperature below 1565° K., it is covered by an adsorbed film, but that if the tem- 
perature is above 1635° K., no film forms. Owing to experimental difficulties it was not 
possible to make this range narrower and thus to decide whether the film behaved as a 
compound or as an adsorption complex. The difficulties arose as follows. In switching 
off the heating current and pumping out the iodine preparatory to testing for film formation, 
two dangers had to be avoided. (i) If, as the wire cooled from some temperature at which 
no film had formed, a sufficient iodine pressure remained unremoved from the vessel, a 
film would be formed on the cooling filament, whereas (ii) if the iodine was rapidly removed 
from a cooling filament on which a film had formed, the latter might evaporate off while 
the wire was still hot. In order to ensure the validity of the results obtained, the heat- 
ing current was switched off before the iodine was pumped out when it was desired to show 
that no film was formed; whereas to demonstrate the formation of a film, the operations 
were done in the reverse order. 
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The rates of attack of platinum by iodine were found to follow the equation — dp/dt = 
a + bp at the lower temperatures, but at the higher temperatures the rates fell off at the 
lower pressures, the divergence beginning at higher pressures the higher the temperature. 
These results were interpreted by assuming that the zero-order term, a, is due to the clean- 
up of iodine by the formation on the metallic surface of an adsorbed layer, which evaporates 
at a rate independent of the pressure; and that the component 5? is due to the attack of 
the adsorption complex by iodine atoms at a rate proportional to the iodine pressure. 
Below a certain critical pressure, the surface of the metal was assumed to become bare, in 
order to account for the falling off in the rate of clean-up at the lower pressures. By extra- 
polation of the figures obtained, it is found that the critical pressure becomes 0-027 mm. 
at a temperature of about 1600° K., which is in accordance with the results obtained by 
measuring the accommodation coefficient. 


SUMMARY. 


The thermal emissivity of a platinum filament is not affected by the presence of an 
adsorbed monatomic film of iodine. 

The accommodation coefficient of argon on the filament is increased by the presence of 
a film, and this method has been used to show that when the platinum is heated in iodine 
vapour at 0-027 mm. pressure, an adsorbed film is formed below 1565° K., but that above 
1635° K. the platinum surface is bare. This result is in accordance with measurements 
of the kinetics of the attack of platinum by iodine vapour. 


I am very grateful to Professor E. K. Rideal for his continued interest and advice. 


CAMBRIDGE. [Received, May 6th, 1933.] 





196. Reactions of Olefinic Compounds. Part II. The Orienting 
Influence of the Carboxyl Group. 


By G. F. BLoomFiELp, E. H. FArmer, and C. G. B. Hose. 


In Part I (J., 1932, 2062) Bloomfieldand_ Farmer showed that the orientation of the addition 
products obtained by the interaction of simple A*-, A8-, and A’-ethylenic acids with 
aqueous hypochlorous acid was essentially that which would be expected if the carboxyl 


groups exerted little or no directive influence. Thus in the system RIC, :C,R2, the forma- 


tion of the products R?C,Cl-C,(OH)R? and R1C,(OH)-C,CIR? was determined by the nature 
of the hydrocarbon systems present in the groups R?! and R?, the result being apparently 
little affected by the carboxyl group in such groups as *CH,°CH,°CO,H and -CH,°CO,H or 
even when occurring alone in direct attachment to one of the ethylenic carbon atoms. 
This result, however, applies only to the particular addendum and to the conditions of 
reaction employed ; with other addenda and under other conditions of reaction the orienting 
influence of the carboxyl group may be of considerable importance. Moreover, even in 
the cases cited, only specially devised comparisons could show whether the carboxyl group 
is entirely without orienting influence. 

In all additions to ethylene and to other symmetrical olefins the tendencies for polaris- 

8+ 8— 8— 8+ 

ation to occur in the reverse senses >C,:C,< and >C,:C,< are presumably equal; in 
additions to unsymmetrical systems (R1C,:C,R?), on the other hand, the tendencies are 
unequal and are governed by the nature of R! and R?.* How potent the orienting influence 
of alkyl or aryl groups attached to an ethylenic centre can be is shown by all observations 
which have so far been made, and this is in sharp contrast to the corresponding behaviour 
displayed in the addition of hydrogen bromide to conjugated diene-acids. In the latter 
type of additivity all the available evidence points to exclusive «$-addition, the inherent 


* This takes no account of the part played by the solvent or medium in modifying or transmitting 
the influence of the groups, or of the direct or indirect influence of catalysts on the additive process. 
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ability of the addendum to add to an ethylenic centre per se being suppressed by the 
occurrence of a specialised additive mechanism, viz., the overwhelming tendency for the 
hydrogen component of the addendum to become attached to the carboxylic oxygen atom, 
so enabling addition to occur at the terminals of the conjugated system *CH°CH:-C:0.* 
But even with addenda such as hypochlorous acid and iodine chloride, the fundamental 
ability of which to add at an ethylenic centre is quite unaffected by any attraction of the 
carbonyl oxygen atom for one of the addendal components, the orienting influence of 
te 


5 8— 8+ 
the carboxyl group as exercised in determining the polarisations >C,°C,< and >C,:C,< 
is not necessarily negligible : on the contrary, our results for hypochlorous acid show that 
this influence may be quite definite and specific in the case of A*-unsaturated acids, but it 
is markedly affected by the condition—free (that is to say, presumably, ionisable) or 
esterified (non-ionisable)—of the carboxyl group, and may apparently be completely 
outweighed by the influence due to a large alkyl group attached to the $-carbon atom, as 
is indicated by the orientation figures previously quoted (Part I) for A*-hexenoic acid, 
Pr*CH:CH-CO,H. 

If it be assumed that the relative degree of formation of positionally isomeric addition 
products furnishes a direct measure of ethylenic polarisability in opposite senses under the 
conditions of experiment, it is possible to gain some idea of the carboxylic influence. Thus 
if the introduction of a*carboxyl group in s-dimethylethylene (I) destroys the tendency for 
the addendum to add to equal extents in opposite directions, then the departure from 
equality (7.e., 50° orientation) in one direction or the other affords a measure of the 
carboxylic influence. In the case of tiglic acid (II) this departure amounts to somewhat 


Me-CH—=CHMe Me-CH=CMe-CO,H = -CH,=CMe‘CO,H  Me-CH=CH-CO,H 
Cl--OH 50% Cl--OH 62% Cl--OH 90% Cl---OH 26%. 
OH---Cl 50% OH--Cl 38% OH---Cl 10% OH---Cl 74% 

(I.) (II.) (III.) (IV.) 


over 10%, the carboxylic influence being exercised in the direction of depressing the 
negative polarisation of the adjacent carbon atom and correspondingly enhancing that of 
the more remote. 

It is not then surprising to find that in passing from «-methylacrylic acid (III) to 
crotonic acid (IV), whereby only the position of the carboxyl group in the carbon chain is 
altered, the proportion of the major addition product falls by nearly 20%; for in the 
former acid the alkyl and the carboxyl group co-operate in bestowing a negative polarity 
on the $-carbon atom, whilst in the latter they work in opposition. 

No exact figures can be quoted for hypochlorous acid addition to the propylene system 
itself,t but Ingold and Smith (J., 1931, 2742) have recorded the following figures for the 
analogous iodine chloride addition, effected in dilute hydrochloric acid. Accepting these 
values, it is then apparent that the introduction of a carboxyl group to form «-methy]l- 
acrylic acid increases the orientation in the direction (A) (the direction to be expected) by 
about 20% (see above). Clearly then no constant figure representing the usual orienting 


* The determination of the constitution of the hydrobromides of sorbic acid and its homologues is 
unusually difficult owing to the instability of these compounds and, although recent investigations by 
Mr. M. Brent have disclosed no example of yé-addition, the orientation data are too fragmentary in 
a quantitative sense, and the conditions of reaction so far employed in the formation of the hydro- 
bromides (dry hydrogen bromide in a chloroform medium) too restricted, to permit of certainty as to the 
entire non-formation of y8-products. 

t Melikoff (Ber., 1882, 15, 2586; 1883, 16, 1268; Annalen, 1886, 234, 197; 1890, 257, 116; 1891, 
266, 358; J. pr. Chem., 1900, 61, 555) has stated that crotonic, isocrotonic, tiglic, and angelic acids all 
yield positionally isomeric addition products, but only the formation of a-chloro-f-hydroxy-forms has 
been definitely shown in these examples. 

{ Although the well-known controversy between Markownikoff and Henry left little doubt as to 
the fact of the formation of isomeric chlorohydrins from propylene, the proportions of the isomerides 
remained undetermined. The literature, however, gives reason to believe that the proportion of the 
chlorohydrin CH,-CH(OH)-CH,Cl greatly exceeds that of its isomeride, as would be expected. 
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influence of the carboxyl group under the conditions of experiment here employed can be 
assigned. 


Me-CH=CH, Me-CH=CMe-CO,Et CH,—=CMe:CO,Et 
Cl--I “69% (A) Cl--OH 50% Cl--OH 70% 
I--Cl 31% (B) OH--Cl 50% OH--Cl 30% 

(V.) (VI.) 


The result obtained, however, on esterifying tiglic acid is striking. Tiglic ester (V) 
shows the same orientation as was assumed above for s-dimethylethylene, indicating that 
the carbethoxyl group has no orienting influence ; and this conclusion is supported by the 
orientation figures for «-methylacrylic ester (VI), which are practically identical with 
Ingold and Smith’s figures for propylene - above). Now, although the quantitative 
determination of orientation in the case of tiglic and «-methylacrylic esters is much more 
difficult and likely to be less accurate than in the case of the corresponding acids, there is 
nevertheless strong indication that the orienting influence of the carboxyl group is due 
entirely to the free charge on the organic anion R1C:CR®-CO-O® and is not directly connected 
with carbonyl unsaturation or the direction of the dipoles present in the carboxyl and the 
carbethoxyl group. This appears the more probable since the orientation figures for 
sodium tiglate (VII) (an addition which proceeds very rapidly) show a considerably enhanced 


proportion of the @-chloro-«-hydroxy-product. Probably the organic anion R1C:CR*CO,° 


Me-CH=CMe-CO,Na Mo>C=CH-CO,H 
(VIT.) Cl---OH 80% Cl---OH 20% (VIIT.) 
OH-Cl 20% OH--Cl 80° 


suffers addition preferentially to the undissociated acid, since it is always found that the 
esters yield chlorohydrins much more slowly than do the corresponding free acids. It is 
not possible to employ hypochlorous acid as an addendum in a non-aqueous medium 
(ethyl hypochlorite, which might serve as a substitute, is unreactive towards A*-acids), so 
that any exact correlation between the ionising capacity of the acids and the orienting 
influence of the carboxyl group is out of the question for this reagent; interesting com- 
parisons are, however, to be expected from experiments which have been initiated on the 
additivity of the nitriles and sodium salts of sundry ethylenic acids. With respect to the 
manner in which the orienting influence of the anionic charge is propagated—whether 
through the carbon chain or through the medium—there is nothing in the present experi- 
ments to indicate; but one notable characteristic of all the above-cited additions to A*-acids 
which deserves attention is their great slowness compared with additions to A®-acids and 
to A’-acids. A further interesting point encountered is that, although the orienting 
influence of the two alkyl groups present in 68-dimethylacrylic acid (VIII) is precisely of 
the kind to be expected (enhancing the negative polarisation on the A*-carbon atom), there 
appears in this example a well-marked tendency for the loss of the carboxyl group from the 
«-chloro-8-hydroxy-form of the chlorohydrin—a tendency which is an important feature of 
chlorohydrin formation from cinnamic acid and other phenylated acids, but which can be 
avoided to some extent by decreasing the concentration of the reactants. 


EXPERIMENTAL. 


Preparation of Hypochlorous Acid.—The reagent employed in all experiments was the 
aqueous solution of hypochlorous acid (containing calcium chloride) described by Bloomfield 
and Farmer (loc. cit.). 

Addition to «-Methylacrylic Acid.—isoButyric acid was brominated and esterified by the 
method of Auwers (Ber., 1891, 24, 2220), and the resulting ethyl a-bromoisobutyrate dehydro- 
brominated by heating with dimethylaniline (compare Sudborough and Davies, J., 1909, 95, 
977). It was found advantageous to distil off the crude ethyl a-methylacrylate (b. p. below 125°) 
every 30 minutes, the distillate being collected in an ice-cold receiver and finally fractionated 
under reduced pressure (b. p. 63—65°/100mm.). The reaction was complete after about 4 hours ; 
two layers then appeared and frothing (red) commenced. Yield, 42%. The ester (15 g.) was 
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hydrolysed by adding it to an aqueous-alcoholic solution of caustic alkali (8 g. of sodium hydr- 
oxide or 11 g. of potassium hydroxide). After 20 hours the alcohol was removed, and the 
residual liquor made neutral to litmus, extracted with ether, and evaporated to dryness. The 
residue yielded, on extraction with hot alcohol, sodium (potassium) a-methylacrylate in pure 
condition. 

The potassium salt (20 g.; 1 mol.) was dissolved in water, cooled to — 5°, and cautiously 
acidified with dilute sulphuric acid (0-96 mol.). To the solution, aqueous hypochlorous acid 
(1 mol.) was slowly added with shaking. Addition was rapid and some heat was evolved. 
After standing over-night, the product was freed from calcium sulphate by filtration and then 
thoroughly extracted with ether. The dried ethereal liquor yielded, on evaporation, an oil 
which soon solidified. This crude solid, when crystallised from benzene, yielded (a) colourless 
prisms (8-75 g.), m. p. 109°, (b) crystals (0-95 g.), m. p. 75—90°, and (c) a syrupy liquid (0-9 g.). 
The crystalline acid, m. p. 109° (Melikoff, Joc. cit.) ; 2s 106°), was evidently a 6-chloro-«-hydroxy- 
compound, since, like other $-chloro-«-hydroxy-derivatives of fatty acids encountered, and 
unlike the isomeric «-chloro-8-hydroxy-acids, it remained unreduced when, in the form of its 
sodium salt and in the presence of excess of carbon dioxide, it was submitted to the action of a 
large excess of 3% sodium amalgam. (This method of reduction, under standardised conditions 
of operation, afforded a convenient and reasonably accurate means of estimating the proportions 
of «- and 8-chloro-compound in a mixture.) Its identity as 8-chloro-«-hydroxyisobutyric acid 
(Found: Cl, 25-8. Calc. for CgH,0O,Cl: Cl, 25-6%) was fully confirmed by synthesis of the 
latter in the way described below. The lower-melting addition product (b) was a slightly impure 
form of the same acid, m. p. 109°, and from its crystallisation liquors was obtained a trace of 
syrupy liquid, which, together with the fraction (c), represented approximately 10% of the total 
addition product. This non-crystallisable acidic product, reducible with sodium amalgam 
under the standard conditions, must represent the chlorohydrin «-chloro-@-hydroxyisobutyric 
acid (Found : Cl, 26-1%), since the production of isolable stereoisomeric forms of either chloro- 
hydrin is not theoretically to be expected. 

Synthesis of 8-Chloro-«-hydroxyisobutyric acid.—Fourneau and Tiffeneau (Bull. Soc. chim., 
1914, 15, 24) record the formation of a chlorohydroxybutyric acid from chloroacetone cyano- 
hydrin which must necessarily be the 8-chloro-«-hydroxy-compound. The m. p. of the acid 
is given as 110°, but no details of its synthesis are recorded. The following procedure was found 
to be successful. Chloroacetone (18-5 g.) (Kling, Bull. Soc. chim., 1905, 38, 322) was gradually 
added to the greenish solution obtained by passing sulphur dioxide into a solution of sodium 
carbonate (29 g.). To the product, after 12 hours, was gradually added a concentrated solution 
of potassium cyanide (13 g.), and the whole after 1 hour was extracted with ether. The dried 
ethereal extract yielded the crude cyanohydrin, which, after the addition of 2 drops of concen- 
trated sulphuric acid, distilled without decomposition (b. p. 107—108°/20 mm.). Yield, 15 g. 

The cyanohydrin (5 g.) was hydrolysed by heating on a steam-bath for 10 hours with con- 
centrated hydrochloric acid (10 c.c.). After cooling, sufficient water was added to dissolve the 
precipitated ammonium chloride, and the resulting solution in turn neutralised with sodium 
carbonate, extracted with ether, acidified, and re-extracted with ether. The second ethereal 
extract yielded an oily acid which soon solidified. This, on crystallisation from benzene, formed 
colourless prisms, m. p. 110°. 

Addition to Ethyl a-Methylacrylate.—The carefully fractionated ester obtained above was 
sufficiently pure for use. The freshly distilled ester (16 g.), dissolved in 250 c.c. of ether, was 
treated at —5° with a solution containing 7-4 g. of hypochlorous acid. The mixture was vigor- 
ously shaken at intervals for about 1} hours; disappearance of the hypochlorous acid (much 
slower than in the case of the free acid) was then practically complete. After 24 hours, the 
ethereal layer was removed, and the aqueous layer re-extracted with ether. The combined 
ethereal extracts, dried with sodium sulphate, yielded on distillation much unchanged ester and 
a liquid chlorohydrin (8-5 g.), b. p. 77—90°/17 mm., which contained a more highly chlorinated 
product as impurity (Found: Cl, 26-3. C,H,,0,Cl requires Cl, 21:3%). There is little doubt 
that the latter product was the corresponding dichloro-ester, thus present to the extent of 30%. 
The estimation of the components of the mixture could not be effected with any high degree of 
accuracy, since analysis showed that no really satisfactory separation of the more highly 
chlorinated material could be brought about by fractionation or by partial hydrolysis of the 
mixture. After, however, the mixture had been hydrolysed by long heating with dilute hydro- 
chloric acid on a steam-bath (compare Fourneau and Tiffeneau, Bull. Soc. chim., loc. cit., p. 19), 
the amount of crystalline 8-chloro-«-hydroxyisobutyric acid (see above) which separated when 
the hydrolysis product was taken up in hot benzene represented at least 70% of the total amount 
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of chlorohydrin produced during the addition, assuming for the purpose of calculation that the 
more highly chlorinated by-product of the addition consisted wholly of the dichloro-ester, 
CH,Cl-CMeCl‘CO,Et. The non-crystallisable portion of the hydrolysis product, although con- 
sisting without doubt mainly of the isomeric chlorohydrin, a-chloro-§-hydroxyisobutyric acid, 
contained even after the above-mentioned treatment appreciable quantities of the more highly 
chlorinated compound (Found : Cl, 28-2%). 

Addition to Tiglic Acid.—Tiglic acid (20 g.), m. p. 64°, was suspended in water and thoroughly 
agitated with the requisite quantity of hypochlorous acid solution, added in portions. When 
dissolution, which was rapid, was practically complete, the solution was filtered and extracted 
with ether. A convenient modification of this procedure consisted in gradually adding the 
requisite quantity of hypochlorous acid solution to tiglic acid (10 g.) dissolved in ether (250 c.c.) 
and allowing the mixture to stand over-night before extracting the addition product with ether. 
Some heat was evolved during the reaction, but by both methods a nearly quantitative yield of 
a pale yellow, and but slightly impure, addition product was obtained (Found: Cl, 22-0. 
C,H,O,Cl requires Cl, 23-3%). 

Although about one-quarter of this liquid product solidified, after very long keeping, yielding 
a chlorohydrin which crystallised from benzene in colourless prisms, m. p. 113° (Found: Cl, 
23-5%), no reasonably accurate estimate of the proportions of the isomeric addition products 
present could be made by separative means. The solid compound was clearly the «-chloro- 
6-hydroxy-form of the addition product (actually «-chloro-8-hydroxy-«-methylbutyric acid), 
since its sodium salt was readily and completely reducible by sodium amalgam in the presence 
of carbon dioxide to the sodium salt of the corresponding hydroxy-acid (colourless oil, b. p. 
116—120°/1—2 mm.); the residual liquid consisted mainly, but not entirely, of a slightly impure 
chlorohydrin (Cl, 20-9%) which was not so reduced, i.e., the ®B-chloro-«-hydroxy-isomeride 
(actually 8-chloro-«-hydroxymethylbutyric acid). Careful estimates of the proportions of the 
components by reducing (a) the original unseparated oily addition product (chlorine content of 
the reduction product, 14-2%) and (b) the non-crystallisable portion of the addition product, 
b. p. 118—122°/3—4 mm. (chlorine content of the reduction product, 17-1%), gave the values 
38% and 39% respectively for the proportion of «-chloro-8-hydroxy-addition product. On 
keeping the oily reduction product for several weeks a portion of the $-chloro-«-hydroxy-acid 
crystallised; this separated from benzene in colourless needles, m. p. 89°,* and was identical 
with the §-chloro-«-hydroxy-a-methylbutyric acid subsequently obtained from sodium tiglate 
(below). 

Addition to Ethyl Tiglate.—The ester (16 g.), obtained by the action of ethyl iodide on silver 
tiglate, was dissolved in ether (250 c.c.) and treated at —5° with an aqueous solution containing 
6-6 g. of hypochlorous acid. When addition was complete (after about 4 haurs) the aqueous 
layer was separated and extracted with more ether, and the combined ethereal liquors dried over 
sodium sulphate and evaporated. The oily product, on distillation, gave (i) unchanged ester 
(2-35 g.), b. p. 61—65°/25 mm., (ii) an oil (2-4 g.), largely unsaturated, b. p. 65—80°/25 mm., 
and (iii) an oil (13 g.), b. p. 75—95°/18 mm., which contained the chlorohydrin mixed with 
unchanged ester and a lower-boiling chloro-ester (almost certainly tiglic ester dichloride). The 
last fraction was extracted 20 times with hot water to remove the chlorohydrin, and the extract 
re-extracted with ether. The soluble and the insoluble oil thus obtained were then separately 
distilled. There were thus obtained two fractions: (1) 2 g. of a sweet-smelling oil, b. p. 40— 
62°/3 mm. but mainly 50—56°/3 mm., which contained unchanged ester and the chlorinated 
by-product (Found : Cl, 16-3%), and (2) 8-5 g. of chlorohydrin of b. p. 69—72°/3 mm. (Found : 
Cl, 19-4. C,H ,,0,Cl requires Cl, 19-6%). 

The chlorohydrin fraction was hydrolysed with 10% hydrochloric acid. The syrupy hydro- 
lysis product, after separation from a trace of unhydrolysed ester, was neutralised with bicarbon- 
ate and reduced with sodium amalgam under the standard conditions (above). The product 
(Found: Cl, 127%) contained reduced and unreduced components in approximately equi- 
molecular proportion (0-5 mol. C;H,O,Cl + 0-5 mol. C;H,,O0, requires Cl, 13-0%). An 
independent estimate of the approximate proportion of the components became possible after 
the chlorohydrin component of the reduction product had been allowed to crystallise; then, 
from 2-3 g. of the mixed acids, 1-2 g. of crude crystalline material separated ; the latter material, 


* Melikoff records the production, by the addition of hypochlorous acid to tiglic acid, of two chloro- 
hydrins, m. p.’s 111° and 75°, the latter of which was considered to be the acid CHMeCl-CMe(OH)-CO,H, 
because it was identical with the product obtained by adding hydrogen chloride to the corresponding 
glycidic acid. 
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when crystallised from benzene, yielded 1-1 g. of a pure chlorohydrin forming characteristic 
plates, m. p. 114° (Found : Cl, 23-4. C,;H,O,Cl requires Cl, 23-3%). This chlorohydrin, which 
is B-chloro-a-hydroxy-a-methylbutyric acid, is a stereoisomeric form of the chlorohydrin, m. p. 89°, 
formed by addition of hypochlorous acid to tiglic acid. 

Addition to Sodium Tiglate.—Tiglic acid (10 g.) was neutralised with sodium hydrogen 
carbonate solution, diluted to 500 c.c., and treated at 0° with 460 c.c. of a solution containing 
5-2 g. of hypochlorous acid. Addition proceeded rapidly and after standing over-night the 
solution was acidified and thoroughly extracted with ether. The dried ethereal extract yielded 
a crude liquid chlorohydrin, containing a little unchlorinated acid (Found : Cl, 20-9%). When 
a portion of this chlorohydrin was neutralised with sodium hydrogen carbonate and reduced with 
sodium amalgam under the standard conditions there was obtained an oily acid which contained 
17-2% of chlorine. Taking into consideration the initial chlorine content of the crude addition 
product, this figure corresponds to the presence of 80% of the 8-chloro-«-hydroxy-form of the 
chlorohydrin. On keeping the reduction product, partial crystallisation of the unreduced 
chlorohydrin occurred : from 1-9 g. of material, 0-7 g. of a solid chlorohydrin was isolated, which 
separated as needles, m. p. 89°, from benzene. This was $-chloro-«-hydroxy-«-methylbutyric 
acid (Found: Cl, 23-4%). The original crude addition product also yielded crystals of this 
substance when inoculated with a crystal from the reduction product. 

Addition to Crotonic Acid.—A solution containing 4-9 g. of hypochlorous acid was gradually 
added to 8 g. of crotonic acid dissolved in 160 c.c. of water, at 0°. Reaction was practically 
instantaneous, and the product was extracted with ether (8 extractions), dried over sodium 
sulphate, and distilled. The oil obtained, although undoubtedly consisting mainly of the 
«-chloro-8-hydroxybutyric acid as shown by Melikoff (loc. cit.) (Found: Cl, 25-7. 
Calc. for C,H,O,Cl: Cl, 25-6%), also contained some of the {-chloro-«-hydroxy-isomeride 
(8-chloro-«-hydroxybutyric acid) as shown below. Yield, 12-8 g. (99% of the theoretical). 

A portion of the addition product (2-1 g.) was heated with 60 c.c. of 10% potassium dichrom- 
ate solution on a steam-bath. The oxidation product consisted mainly of acetic acid, but on 
distillation a very small quantity of «-chloropropionic acid was isolated, the identity of which 
was confirmed by conversion with the aid of potassium cyanide into duly authenticated methyl- 
malonic acid. 

A larger quantity of the addition product was oxidised with 6 times its weight of concentrated 
nitric acid. Reaction was vigorous and was completed by heating the mixture for a short time 
on a steam-bath. After cooling, the product was first freed from residual nitric acid by satur- 
ation with sulphur dioxide, and was then extracted with ether. The oxidation products con- 
sisted mainly of acetic and oxalic acids, but from the former was isolated a quantity of «-chloro- 
propionic acid (b. p. 80—85°/10 mm.) which corresponded in amount to the presence of 8% of 
6-chloro-«-hydroxybutyric acid in the a-chloro-§-hydroxybutyric acid constituting the main 
addition product. This procedure, however, was unsuitable for determining the proportion of 
the isomeric chlorohydrins and when the addition product was submitted to reduction under the 
standard conditions, the-proportion of $-chloro-«-hydroxy-acid, as calculated from the final 
chlorine content (9-2%), was 26%. 

Addition to B8-Dimethylacrylic Acid.—To the acid (20 g.), suspended in water (400 c.c.), a 
2-1% solution containing 10-5 g. of hypochlorous acid was added, and the mixture shaken until 
the reaction was about complete (} hour). After standing over-night, the product was neutralised 
with sodium hydrogen carbonate, and the neutral material formed in the reaction extracted with 
ether (extract A). The mother-liquor was re-acidified and first extracted with light petroleum 
(extract B) and then with ether (extract C). Each extract was dried over sodium sulphate. 

The extract A yielded (i) a liquid, b. p. 42—65°, which contained, in addition to a little ether, 
aneutralchloro-compound which corresponded in properties with «-chloroisobutylene, CMe,:CHCI, 
and (ii) a non-homogeneous residue (2-2 g.), which was divided into two fractions of b. p. 50— 
60°/14 mm. (1-4 g.) and 65—85°/14 mm. respectively. The first of these two fractions was 
doubtless a further hypochlorination product of a-chloroisobutylene (Found: Cl, 48-2. 
C,H,OCI, requires Cl, 49-6%), and the second probably a dimeride of chloroisobutylene [Found : 
Cl, 38-2. (C,H,Cl), requires Cl, 39-2%]. In view of the well-known strong tendency of acids 
of the types R-CH(OH)-CHHal-CO,H and R-CHHal-CHHal-CO,H to suffer decarboxylation 
during their conversion (by dehydration and hydrogen halide fission respectively) into the 
«-halogeno-acids of the type R-CH:CHal-CO,H, all the above neutral chloro-compounds are 
regarded as secondary derivatives of the chlorohydrin CMe,(OH)-CHCI-CO,H and are accounted 
as such in arriving at a quantitative estimate of the opposite modes of hypochlorous acid addition 
which occur in the reaction. 
3H 
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The extract B yielded only 88-dimethylacrylic acid (1-75 g.), and the extract C the same acid 
(1-5 g.) together with a liquid chlorohydrin (13-3 g.). The last two substances were separated 
by solution in water (150 c.c.) and extraction (3 times) with light petroleum. The chlorohydrin 
remained in the aqueous liquor and on re-extraction with ether was obtained as a yellow oil 
which largely solidified on keeping. The solid portion, which crystallised from benzene in large 
nodules, m. p. 69°, and formed 68% of the total chlorohydrin which escaped decarboxylation, 
represented «a-chloro-B-hydroxy-B-methylbutyric acid* (Found: Cl, 23-5. C;H,O,Cl requires 
Cl, 23-3%). The residual liquid portion could not be further crystallised, and, since stereoiso- 
meric forms of the chlorohydrins cannot arise in this case, it represented 8-chloro-a-hydroxy- 
B-methylbutyric acid admixed with «-chloro-B-hydroxy-$-methylbutyric acid but otherwise 
nearly pure (Found: Cl, 23-4%). The percentage of the former of these chlorohydrins was 
estimated by reducing the original oily mixture with sodium amalgam under the standard con- 
ditions and analysing the product (Found: Cl, 4:3%). Taking into account the recovered 
dimethylacrylic acid and the secondary products of reaction, this amounted to about 7% of the 
total primarily-formed chlorohydrin. 

The constitution of the solid chlorohydrin followed from its ready reducibility with sodium 
amalgam and the fact that it readily yielded «-chloro-88-dimethylacrylic acid, m. p. 84° (Found : 
Cl, 26-3. Calc. forC,;H,O,Cl: Cl, 26-4%), after it had been heated for 2—3 minutes with a little 
concentrated sulphuric acid and then poured into water (compare Prentice, /oc. cit.). 


IMPERIAL COLLEGE OF SCIENCE, LoNDoNn, S.W. 7. [Received, May 5th, 1933.] 





197. Studies of the Beckmann Change. Part I. The Spontaneous 
Rearrangement of Oxime Picryl Ethers. 


By ARTHUR W. CHAPMAN and CyriL C. Howls. 


ALTHOUGH the Beckmann transformation of oximes has been known for many years, the 
precise mode of action of the various reagents employed to bring it about has remained 
obscure. 

An observation of special interest, however, was made by Kuhara and his co-workers 
(Kuhara, Matsumiya, and Matsunami, Mem. Coll. Sci. Kyoto, 1914, 1, 105; Kuhara and 
Watanabe, ibid., p. 349; Kuhara, Agatsuma, and Araki, zbid., 1917, 3, 1), who found that, 
when the arylsulphony] esters of certain ketoximes (I) were heated alone or in inert solvents, 
they underwent rearrangement to substances that could be hydrolysed to the corresponding 
amides. Kuhara pointed out that this rearrangement was a Beckmann change which 
differed from the classical type only in being apparently independent of a reagent, and 
suggested that in many cases the function of the reagent employed to bring about the 
transformation of an oxime was essentially to produce an ester, which, if derived from a 
sufficiently strong acid, then underwent spontaneous rearrangement (compare also Sluiter, 
Rec. trav. chim., 1905, 24, 372; Meisenheimer and Theilacker, Freudenberg’s ‘‘ Stereo- 
chemie,” Leipzig, 1933, p. 1013). To the rearrangement products of the sulphonic esters 
Kuhara assigned the formula (II), but as this represents an imino-ester derived from a 
strong acid, and such compounds are known to undergo intramolecular change to the 
N-acyl compounds with extreme ease, formula (III) represents the more probable structure 
(compare Mumm, Hesse, and Volquartz, Ber., 1915, 48, 379; Chapman, J., 1927, 1743, 
and later observations in this paper). 

R-C-R heat R*C*O*SO,Ar R-CO Ho RCO 
N-O-SO,Ar ~* RN —* RN-SO,Ar —> he 
(I.) (II.) (III.) 

A further investigation of this spontaneous change seemed very desirable, for, if the 
Beckmann transformation could be studied in the absence of the complicating factors 
introduced by the reagents, some elucidation of its mechanism might be possible. Search 
was first made for a suitable oxime derivative. The transformation products from the 
sulphonic esters were oily substances which did not admit of complete identification, and 

* Prentice (Annalen, 1896, 292, 275) described the chlorohydrin obtainable from £8-dimethylacrylic 
acid as a liquid having the constitution CMe,(OH)*CHCI-CO,H; no isomeric chlorohydrin or neutral 
product is mentioned. 


+ ArSO,H 
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for detailed investigation it was necessary to find compounds that underwent a similar 
change but yielded crystalline products which could be identified with certainty, tested 
for purity, and estimated quantitatively. Although the benzoyl ester of benzophenone- 
oxime was rearranged to dibenzanilide when heated above 200°, yet considerable decomposi- 
tion accompanied the change; the compounds desired were, however, finally discovered 
in the oxime picry] ethers. 

Benzophenoneoxime picryl ether (IV) was transformed almost explosively at its m. p. 
into benz-N-picrylanilide (VI), and, in a suitable solvent, complete change took place, 
the only by-product being a trace of coloured substance too small to affect the m. p. of 
the benz-N-picrylanilide or to be detected in a solubility determination. N-Phenylbenz- 
iminopicryl ether (V) is no doubt an intermediate product but is too unstable to be isolated ; 
reactions that should lead to its formation yield benz-N-picrylanilide even at room temper- 
ature (compare Mumm, Hesse, and Volquartz, Joc. cit.). 








Ph-C*Ph heat Ph:C-OPic rapid at Ph:CO 
: > iY —> , 
N-O:Pic Beckmann change PhN roomtemp. PhN-+Pic 
(IV.) (V.) (VI.) 


[Pic = Picryl, C,H,(NO,),°] 

The ficryl ether of acetophenoneoxime yielded pure acet-N-picrylanilide, and the 
picryl and trinitro-m-tolyl ethers of a number of other ketoximes underwent a similar 
rearrangement. 

To complete the qualitative observations, the transformation of a pair of stereoisomeric 
oxime picryl ethers was examined. When treated with phosphorus pentachloride and 
then with water, the «-oxime of #-chlorobenzophenone yields #-chlorobenzanilide, and the 
6-compound benz-f-chloroanilide with a little p-chlorobenzanilide (Hantzsch, Ber., 1891, 24, 
56). The picryl ethers of these oximes were found to undergo rearrangement to p-chlorobenz- 
N-picrylanilide and benz-N-picryl-p-chloroanilide respectively. The relationship between 
the spatial configuration of an oxime and the constitution of its change product is therefore 
the same for the oxime itself and for its picryl ether, and the conclusion is inevitable that 
the spontaneous rearrangement of the oxime picryl ethers is a true Beckmann change. 

Measurements of the rates of change of the picryl ethers of benzo- and aceto-phenone- 
oximes were made in several solvents at temperatures from 40° to 116°. The lability of 
N-phenylbenziminopicryl ether (V) ensured that the values obtained represented the 
speeds of the first (Beckmann) stage. 

The rearrangement followed a course represented by the formula for a unimolecular 
reaction, the following being a typical series of observations : 


Benzophenoneoxime picryl ether in chloroform at 50°. 


Time (min.) .............+. 30°5 60 90 120 180 240 
O% Changed .........e00« 25°5 41 56 66 82 90 
SP  aisiiateailinneiés 4:2 3°8 3°95 3°9 4°15 4:1; mean 4:0 


The values of the velocity constants obtained are given in the following tables, time 
being expressed in minutes with Briggsian logarithms. 


Values of k x 10° for the rearrangement of benzophenoneoxime picryl ether into benz-N- 
picrylanilide. 


Temp. 40°. 45°. 50°. 55°. 60°. 70°. 75°. 79°. 85°. 99°7°. 
Sobvewt. COd,  sccsccass 0°83 2°5 12°6 
Colibg ccccscees 0°24 31 5°7 8°8 
6°0f 
CHC,  coeese 1:18 2°3 4:0 6-2 10°5 
19 3°9 6°25 9-0§ 
4:0* 
4-0 
C,H,Cl, ...... 2°25]| 7°754 
8°35 
* Ether twice repptd. from acetone—alcohol. { Ether repptd. from CCl, and light petroleum. 


{t Ether repptd. from CHCl, and light petroleum, solvent purified by method of Lowry and Traill. 
§ Old sample of CHCl, containing a large quantity of COCI,. 
|| At 39°7°. {| At 49°7°. 
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Values of k x 10° for the rearrangement of acetophenoneoxime picryl ether into 
acet-N-picrylanilide. 


Temp. 60°. 65°. 75°. 85°. 99°1°. 99°3°. 116°. 
Solvent. CCl, ......... 0°34 17 
a csssece 0°75 33 
Lo; 1-7 5°0 
5°Ot 
CHCA, 20000: 1:77 53 15°2 
CH,CN ... 2-7* 


* Approximate only, change accompanied by some decomposition. 
+ Ether repptd. from CHCl, and light petroleum; solvent repurified. 


The values of log k when plotted against 1/T fell upon a straight line in every case in 
which measurements were made at three or more temperatures, except for benzophenone- 
oxime picryl ether in chloroform for which the relationship was only approximate. The 
values calculated for the energies of activation with both compounds in all the solvents 
were between 25-5 and 28-5 kg.-cal. per g.-mol. with the same exception for which the 
most probable value was approximately 23 kg.-cal. 

The rearrangement did not appear to require an external catalyst (except in so far as 
the solvent may be regarded as such) or to depend on the action of light, for not only was 
the unimolecular law obeyed throughout the whole course of the transformation, but the 
rates of change were not affected by repeated purification of the picryl ethers or of the 
solvents, by the introduction into the solution of sufficient broken glass to double the 
effective area of the vessel, or by carrying out the transformation in a blackened tube. 
Exposure of a benzene solution of benzophenoneoxime picry] ether to the light of a mercury- 
vapour lamp caused some decomposition of the material but no rearrangement. 

The effect of the solvent on the rate of change, however, is striking, and the velocities 
increase in the same order as the cohesions, the dielectric constants, and the dipole moments 
of the solvents. They do not appear to be connected with the relative solubilities of the 
ethers in the different solvents, but in benzene solutions the rate of change may also be 
affected by solvation. 

At this stage it is not possible to state the mechanism of the rearrangement precisely, 
but the conception of the transformation as an intramolecular exchange of positions by 
the hydrocarbon radical and the picrate group is fully consistent with the ascertained 
facts. It might be expected that such a change would be facilitated by the presence of 
polar solvent molecules even though the preliminary dissociation within the rearranging 
molecule never reached the stage of true ionisation. 

Suggestions (cf. Kuhara and Todo, Mem. Coll. Sci. Eng. Kyoto, 1910, 2, 387; Stieglitz, 
private communication in Porter, ‘‘ Molecular Rearrangements,’’ New York, 1928, p. 42) 
involving the preliminary dissociation of the molecule into two ions introduce both stereo- 
chemical and valency difficulties, and appear inherently improbable. Provisionally, 
therefore, the rearrangement is regarded as intramolecular. 

It may nevertheless be noted that it is only the esters of strong acids (of which picric 
acid is one) that undergo the Beckmann rearrangement spontaneously at moderate temper- 
atures. Although probably not ionised, these esters lie on the border-line between com- 
pletely covalent substances and salts, and so conform with the opinion expressed by 
Brady and Dunn (J., 1926, 2412) that one condition requisite for a Beckmann change is 
that “the rearranging compound must be a salt or salt-like substance.” 

The study of these oxime esters has revealed the close analogy, which does not seem 
to have been previously pointed out, between the Beckmann change and the Wagner- 
Meerwein rearrangement (compare for latter change, Meerwein and van Emster, Ber., 1922, 
55, 2500; Meerwein and Wortmann, Aznalen, 1924, 435, 190; Meerwein, Hammel, Serini, 
and Vorster, zbid., 1927, 453, 16). Both of these transformations, reduced to their simplest 
terms, involve an exchange of positions on two adjacent atoms by a hydrocarbon radical 
(R) and a potentially anionic group (X): 

>CR =i >CX CR, ‘iii CRX 
>CX >CR NX NR 


Wagner—Meerwein. Beckmann. 
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The exchange takes place between two carbon atoms in one case and between a carbon 
and a nitrogen atom in the other, but in both cases the transformation occurs spontaneously 
under suitable conditions, the rate of change is greatly increased by the substitution of a 
more polar solvent for a less polar one, and the more negative the group X (as measured 
by the strength of the acid HX) the more readily does the rearrangement take place. It 
is possible that the compounds which undergo the Wagner—Meerwein rearrangement may 
actually reach the stage of ionic dissociation, but the evidence for a true ionisation is in- 
direct, being based on effects of change of solvent and of X on the rate of transformation 
which are similar to those which have now been found for the Beckmann change, and 
the facts could also be accounted for if the rearrangement were intramolecular. In both 
cases, however, the compounds that rearrange spontaneously belong to the class of salt- 
like esters of strong acids. It therefore seems probable that these two changes are examples 
of the same phenomenon, being essentially similar in mechanism, and differing mainly 
in the system in which migration takes place. 

Kuhara’s observations on the oxime sulphonic esters and some preliminary measure- 
ments made in the course of the present research have shown that the ease of rearrangement 
is greatly modified by substitution in all parts of the oxime ester molecule, and a systematic 
study of these effects is being undertaken. 


EXPERIMENTAL. 


All analyses were micro-determinations carried out by Dr. A. Schoeller. 

Benzophenoneoxime benzoyl ester was prepared from the oxime by the Schotten—Baumann 
reaction; needles from alcohol, m. p. 99° (Found: C, 79-3; H, 4-95. C.9H,,O,N requires 
C, 79-7; H, 5-0%). When heated at 230—235° for 2 hours and crystallised from benzene and 
light petroleum, this gave dibenzanilide, m. p. and mixed m. p. 160—161°. 

Benzophenoneoxime o-nitrobenzoyl ester, m. p. 185—188° (Found: C, 69-6; H, 4:3. 
Co9H4O,N, requires C, 69-4; H, 4-05%), charred on heating. 

The various oxime picryl ethers were prepared by a modification of the Schotten—Baumann 
technique as follows : Toa solution of the oxime (5 g.) in acetone (25 c.c.) were added alternately 
in small portions 1 molecular proportion each of N/2-sodium hydroxide and picryl chloride 
with vigorous shaking. The mixture was diluted with water (ca. 250 c.c.) and the precipitated 
ether filtered off. Several batches were combined and dissolved in the minimum quantity of 
cold benzene, chloroform, or acetone, and precipitated by addition of 2—4 vols. of methyl or 
ethyl alcohol. The yield at this stage was about 60% of the theoretical. Purification was 
completed by at least one more precipitation from acetone solution with absolute alcohol, and 
the material dried in a vacuum over sulphuric acid. Further reprecipitation from other pairs 
of solvents was employed in some cases indicated in the tables of results. The change products 
were, unless otherwise stated, crystallised from a mixture of acetone and absolute alcohol. 

Benzophenoneoxime picryl ether was a very pale yellow crystalline powder (Found : C, 56-0; 
H, 3-1; N, 13-8. C,,H,,0,N, requires C, 55-8; H, 2-95; N, 13-7%). It melted very suddenly 
between 103° and 105°, crystallised on continued heating, and remelted at 195—197° (m. p. of 
benz-N-picrylanilide 198—199°). The rearrangement was accompanied by considerable 
evolution of heat, for when 1 g. was heated slowly in a small tube an almost explosive reaction 
took place when the oil-bath reached 106°, and a small maximum thermometer enclosed in the 
tube registered a temperature of over 140°. Solutions of the ether and of benz-N-picrylanilide 
(each 1 g. in 25 c.c. of benzene) were evaporated to dryness on the water-bath. The m. p.’s 
of the products, determined with that of an unheated specimen, were 197—199°, 199—200°, 
and 198—199° respectively. The bulk of the residue from each evaporation was made up to 
100 c.c. with carbon tetrachloride, and the two mixtures kept in a bath of cold water for 3 hours 
to come to equilibrium. Evaporation of 25 c.c. of each solution gave residues weighing 20 and 
19 mg. respectively. Both m. p. and solubility differences fall within the limits of experimental 
error. 

Benzophenoneoxime picryl ether yielded benzophenone (m. p. and mixed m. p. 140—142°) 
on hydrolysis with cold alcoholic potash. From benzene solution it crystallised in fine needles 
containing benzene, which was slowly lost even in the cold. A specimen dried in a vacuum 
contained 15-8% of benzene (C,gH,,0,N,,C,H, requires C,H, 17-7%). Saturated solutions of 
the oxime ether in various solvents at 25° contained the following amounts per 100 c.c. of 
solution: CCl,, 2-05 g.; CgH,, 5-5 g.; CHCl, 39-2 g.; C,H,Cl,, 36°5 g. 

A solution of benzanilideiminochloride (11 g.) in ether (100 c.c.) was shaken with sodium 
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picrate (25 g.) and water (500 c.c.) for 1} hours. After evaporation of the ether at room temper- 
ature, the yellow precipitate was reprecipitated once from cold acetone solution by alcohol to 
remove benzanilide. The product (m. p. 196°) had the same solubility in carbon tetrachloride 
as benz-N-picrylanilide and was insoluble in a saturated solution of that substance in the same 
solvent. 

100 C.c. of a saturated solution of benz-N-picrylanilide in carbon tetrachloride at 25° con- 
tained 0-10 g. of solute. 

Acetophenonevxime picryl ether formed pale yellow plates, m. p. 112° (Found: C, 48-5; 
H, 3-0. C,H yO,N, requires C, 48-55; H, 29%). Saturated solutions at 25° contained the 
following amounts per 100 c.c. of solution: CCl, 0-65 g.; C,Hg,, 21-3 g.; CHCl, 15°8 g.; 
C,H,Cl,, 17-3 g. Rearrangement took place on heating alone or in solvents to acet-N-picryl- 
anilide, bright yellow flakes, m. p. 198° (Found: C, 48-8; H, 3-05%); 100 c.c. of saturated 
solution in carbon tetrachloride at 25° contained 0-07 g. 

The two oximes of p-chlorobenzophenone were separated as described by Demuth and 
Dittrich (Ber., 1890, 23, 3610). The «-compound melted at 163° (Demuth and Dittrich give 
155—156°). The B-oxime (m. p. 91—95°) seemed still to be somewhat impure, but it changed 
into the a-compound when heated and attempts at further purification were unsuccessful. 

p-Chlorobenzophenone-a-oxime picryl ether formed a pale yellow crystalline powder, m. p. 
117° (Found: C, 51-8; H, 2-7. CygH,,O,N,Cl requires C, 51-5; H, 2-5%). A benzene solution 
heated under reflux for 4 hours and evaporated gave pale yellow crystals, m. p. 220—221°, m. p. 
after recrystallisation 223—224°, of p-chlorobenz-N-picrylanilide, identical (mixed m. p.) with 
a sample prepared from #-chlorobenzoylanilideiminochloride and sodium picrate (Found : 
C, 51-7; H, 2-65%). 

p-Chlorobenzophenone-B-oxime picryl ether, long needles from acetone and absolute methyl 
alcohol, had m. p. 109—110° (Found: C, 51-5; H, 2:55%), and similarly gave benz-N-picryl-p- 
chloroanilide, yellow leaves, m. p. 204—209°, m. p. after recrystallisation 208—210°, identical 
with a sample prepared from benz-p-chloroanilideiminochloride and sodium picrate (Found : 
C, 51:8; H, 27%). Two recrystallisations of the picryl ether were required before a pure 
change product was obtained, confirming the doubt as to the purity of the B-oxime, but the 
quantity available did not allow of an attempt to regenerate the pure f-oxime from the picryl 
ether. 

Dynamical Experiments.—Solvents. Commercially pure carbon tetrachloride was washed 
with sodium hydroxide, dried over calcium chloride, and redistilled. A.R. Benzene was dried 
over either calcium chloride or sodium and redistilled. Chloroform and ethylene dichloride 
were boiled under reflux with phosphoric oxide to remove water and alcoholic impurities and 
redistilled. In the later stages of the work, chloroform was purified by the method of Lowry 
and Traill (Proc. Roy. Soc., 1931, 182, 404) and dried over phosphoric oxide. Acetonitrile was 
purified by boiling under reflux with phosphoric oxide and fractionated, but in spite of repeated 
treatments some decomposition always took place in this solvent. The picryl ethers were 
completely decomposed when heated in alcoholic solution, and considerable decomposition 
occurred in carefully purified acetone; these solvents could therefore not be used for velocity 
measurements. 

Velocity determinations. Glass tubes, each containing about 28 c.c. of a solution of the 
oxime ether (generally about 3-2% for the benzophenone and 1-5% for the acetophenone 
compounds) were heated in a water thermostat. (A butyl alcohol vapour bath was used for 
116°.) Two tubes were heated in boiling water for 4 hours to provide values for complete 
rearrangement, allowing for any slight decomposition that might have taken place. On 
withdrawal from the thermostat, the tubes were at once chilled in cold water and 25 c.c. of 
the liquid were withdrawn and evaporated at room temperature in a gentle blast of air. To 
assist the removal of the last traces of solvent, 5 c.c. of acetone were added when the residue 
was apparently dry, and the mixture was again evaporated and finally kept in an evacuated 
desiccator for 15 min. 

For the estimation of the isomerides in mixtures an extraction method based on the widely 
different solubilities of the ethers and their change products in carbon tetrachloride was em- 
ployed (compare Holleman, “‘ Direkte Einfuhrung von Substituenten in den Benzolkern,” 1910, 
p. 17). The dry residue from each evaporation was ground in the beaker with a saturated 
solution of benz- or acet-N-picrylanilide in carbon tetrachloride, transferred to a flask, and 
made up to 100c.c. The flasks were kept for 3 hours in running water, which remained constant 
in temperature to + 1°, and the contents were then filtered and portions of 25 c.c. evaporated 
in weighed beakers. The residues corresponded with the ether present plus the saturation 
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amount of amide. Tests with mixtures of known composition showed that the values obtained 
were accurate to within 2%. For experiments in carbon tetrachloride the preliminary evapora- 
tion was unnecessary and the contents of the tubes were merely transferred to bottles containing 
a little benz- or acet-N-picrylanilide as seed, allowed to stand for 3 hours, filtered, and measured 
quantities evaporated. 

Benzophenoneoxime 2: 4 : 6-irinitro-m-tolyl ether, prepared from the oxime and 3-chloro- 
2: 4 6-trinitrotoluene, formed pale brown leaves, m. p. 127° (Found: C, 57-0; H, 3-45. 
CooH ,4O,N, requires C, 56-9; H, 3-3%), and underwent rearrangement to benz-2 : 4 : 6-trinitro- 
m-tolylanilide, a pale yellow crystalline powder from methyl ethyl ketone, m. p. 255° (decomp.), 
very sparingly soluble in acetone, and almost insoluble in carbon tetrachloride (Found: C, 56-8; 
H, 3:4%). Rearrangement occurred at about one-seventh of the rate of the picryl ether under 
the same conditions.. 

Di-p-tolylketoxime picryl ether, pale yellow needles, m. p. 106—107° (Found: C, 57:6; 
H, 3°85. C,,H,,0,N, requires C, 57-75; H, 3-65%). 

p-Toluo-N-picryl-p-toluidide, lemon-yellow plates, m. p. 166—169° (Found: C, 57:8; 
H, 355%); solubility in carbon tetrachloride at 17°, 0-7%. 

Di-p-tolylketoxime 2 : 4 : 6-irinitro-m-tolyl ether, almost colourless needles, m. p. 114° (Found : 
C, 59-0; H, 4-1. C,,.H,,0,N, requires C, 58-6; H, 40%). p-Toluo-2 : 4 : 6-tvinitro-m-tolyl-p- 
toluidide, sheaves of yellow needles from alcohol; the crystals melt at 144°, resolidify, and 
melt again sharply at 168—170°; the compound is probably dimorphous (Found: C, 58-8; 
H, 3-9%). 

Di-p-chlorophenylketoxime picryl ether, pale yellow crystals, m. p. 129° (Found: C, 48-0; 
H, 2-3. CygH,,O,N,Cl, requires C, 47-8; H, 2-1%). This compound rearranges at about 
1/20th the rate of benzophenoneoxime picryl ether. p-Chlorobenz-N-picryl-p-chloroanilide, m. p. 
194—195° (Found : C, 48-0; H, 2-2%); solubility in carbon tetrachloride at 17°, 0-1%. 

Di-p-chlorophenylketoxime 2 : 4: 6-irvinitro-m-tolyl ether, nearly colourless leaves, m. p. 129° 
(Found: C, 48-5; H, 2-65. C. 9H,,0,N,Cl, requires C, 48-8; H, 2-45%). 

p-Chlorobenz-2 : 4 : 6-trinitro-m-tolyl-p-chloroanilide, yellow crystals, m. p. 166—168°: 
(Found: C, 49-0; H, 2-5%). 

p-Chloroacetophenoneoxime picryl ether, pale yellow crystals, m. p. 133° (Found: C, 44-5; 
H, 2-5. C,,H,O,N,Cl requires C, 44:2; H, 2-35%). 

p-Chloro-N-picrylacetanilide, pale yellow leaves, m. p. 191° (Found: C, 44:1; H, 2-45%). 
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198. Synthesis of Substances Analogous to Bile Acid Degradation 
Products. Part II. Synthesis of some Straight-chain Polycarboxylic 


Esters. 
By Joun W. BAKER. 


THE rapid advances in the elucidation of the cholane skeleton which have occurred since 
the publication of Part I (J., 1931, 1546) have confirmed the view that ring IV (D) is a 
five-membered one, and an important consequence of the new cholane constitution is that 
the structure of the acid C,,;H,,0, obtained by Wieland and Vocke (Z. physiol. Chem., 1928, 
177, 68) is now limited to two (I or II) or, at the most, three (III) possibilities. 





CHR CHR CHR 
H,C CH-CO,H H,C CMe*CO,H H,C CH-CO,H 
H,C CMe-CO,H H,C CH-CO,H MeHC H-CO,H 
(I.) (II.) (III.) 


(R = CHMe:CH,"CH,*CO,H) 


The synthesis of appropriate cyclopentanone esters containing a carbonyl group at the 
desired point of attachment of the side chain R presents comparatively little difficulty 
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(compare Part I, /oc. cit.), but the earlier suspicion that the attachment of the required 
side chain could not be effected by the more usual condensation reactions has, unfortunately, 
been confirmed. No appreciable yields of condensation products could be obtained by 
application of either the Reformatsky (using zinc or magnesium) or Grignard (see following 
paper) reaction to such cyclopentanone esters, nor did the preliminary reduction of the 
carbonyl group or Knoevenagel condensations appear hopeful. The experience gained 
in such attempts suggests that there is but small prospect of success along these lines. 

An alternative method, which from preliminary experiments appears to be more 
hopeful, is referred to in the following communication. 

Meanwhile another line of attack has been developed, namely, the synthesis of a straight- 
chain ester of type (IV) which should, by application of the Dieckmann reaction, afford 
only the appropriately substituted cyclopentanone ester (V). Complete hydrolysis of (V) 
and reduction of the carbonyl to a methylene group would give an acid of structure (I). 


b 
4 CX,-!-CHMe‘CH,°CH,X CX-CHMe-CH,:CH,X 
f b 
2 Fi. 
Xo Xf GO 
CMeX—CHX, MeCX-CX, CHX,-CHMe-CH,*CH,X 
(IV.) (V.) (VI.) 


(X = CO,Me) 


The synthesis of the two component esters (represented by scission at aa) of such a 
straight-chain ester has been achieved, although the best method of uniting them (either 
at aa and/or at bb) has yet to be worked out. 

Condensation of methyl sodiomalonate with methyl y-bromovalerate gives a 20—25%, 
yield of methyl 8-methyl-n-butane-aa8-tricarboxylate (V1). 

The synthesis of esters of the type CHX,°CMeX-CHX, (X = CO,Me, Ac, CH,°CO,Et, 
or CN) (VII) presents more difficulty, due partly to the readiness with which the product 
undergoes a reverse Michael reaction causing fission into CH,X, and CMeX:CX,. Thus 
even in dry toluene the main product of the condensation of ethyl sodioethanetricarboxylate 
with ethyl §-bromo-n-propane-«f-dicarboxylate appears to be ethyl citraconate. The 
polar and steric effect of the 8-methyl substituent in promoting fission (compare Cooper, 
Ingold, and Ingold, J., 1926, 1868) is striking, since a similar condensation using ethyl 
«-bromosuccinate readily afforded ethyl n-butane-«fyy8s-pentacarboxylate. Condensation 
of ethyl sodiomalonate with ethyl «$-dibromo--propane-«®-dicarboxylate gave ethyl 
ethanetetracarboxylate as the main product. Cyano-esters of the required type have been 
prepared by Hope by addition of hydrogen cyanide to 8-methylglutaconic esters, but the 
corresponding carbethoxy-derivatives could not be obtained from these, since hydrolysis 
of ethyl «$-dicyano-8-methylglutarate (Hope and Sheldon, J., 1922, 121, 2223) gave only 
nitrogen-containing products which appear to be pyridine derivatives (compare Kon and 
Nanji, J., 1932, 2426). A synthesis of the required ester of type (VII) was finally effected 
starting from methyl n-propane-aa8-tricarboxylate,* which was prepared in the same manner 
as the corresponding ethyl ester (Bischoff, Ber., 1880, 13, 2164; 1881, 14, 614). This 
was readily converted into the «-bromo-ester (VIII), from which, by treatment with pyridine, 
methyl A*-propene-aaB-iricarboxylate (LX) was obtained. 


CHMe’CO,Me CMe-CO,Me CBrMe-CO,Me 
CBr(CO.Me), C(CO.Me), CH(CO,Me), 
(VIII.) (IX.) (X.) 


Application of the Michael reaction to this ester under various conditions did not give 
an ester of the required type. Thus, using excess of methyl acetoacetate and methyl- 
alcoholic sodium methoxide, the only crystalline product isolated appears to be methy] 3 : 5- 


* The use of methyl esters in this work has been found to be essential in order to increase the 
probability of obtaining crystalline reaction products. 
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dihydroxy-f-toluate (methyl paraorsellinate) (XI) resulting from self-condensation of the 
acetoacetic ester. 


2Me-CO-CH,°CO,Me comely Me-CO-CH,CO-CH<E OR” —MeOH 





—_ x" 

CH(CO,Me):CO: YoeN 

CO. Hoa CMe He nes ae, on z (XI.) 
Me 


CH(COMe).*CMe(CO,Me)*CMe(CO,Me)*CH(CO,Me), (XII) 


Addition of hydrogen bromide to (LX), however, occurs in the expected direction to 
give methyl $-bromo-n-propane-xaB-tricarboxylate (X), which is isomeric with (VIII) and 
condenses with methyl sodiomalonate to give methyl B-methyl-n-propane-aaByy-pentacarboxy- 
late, an ester of the required type (VII, X = CO,Me). An attempt to condense (X) 
directly with the sodio-derivative of (VI) resulted only in the formation of methyl By- 
dimethyl-n-butane-axBy88-hexacarboxylate (X11) derived from two molecules of the bromo- 
ester. 
EXPERIMENTAL, 


Methyl 8-Methyl-n-butane-x«8-tricarboxylate (V1).—To a solution of 1-15 g. of sodium in 
20 c.c. of dry methyl alcohol were added 6-6 g. of methyl malonate and, after cooling, 10-3 g. 
of methyl y-bromovalerate. The mixture was heated under reflux on a steam-bath for 3 hours, 
poured into a large volume of water, and extracted with ether, and the extract washed with 
water and with saturated aqueous calcium chloride. By fractional distillation, the residue 
from the dried ethereal extract gave the ester, b. p. 145°/3 mm. (Found: C, 53-8; H, 7:4. 
C,,H,,0, requires C, 53-7; H, 7:3%). 

Synthesis of Esters of the Type CHX,*CMeX-CHX, (see p. 812).—Methyl n-propane-aaB- 
tricarboxylate. A mixture of 132 g. of methyl malonate and 23 g. of sodium dissolved in 400 c.c. 
of dry methyl alcohol was gently heated for 10 minutes and cooled slightly, and 167 g. of methyl 
a-bromopropionate added in small successive portions, sodium bromide separating. The whole 
was refluxed for 1—2 hours and poured into water, and the neutral fraction isolated by ether 
extraction. The residue (203 g.) obtained from the dried extract crystallised, and gave 145 g. 
of nearly pure ester and 47 g. of liquid. The ester crystallised from ether-ligroin (b. p. 40—60°) 
in rhombic prisms, m. p. 48—49° (Found : C, 49-7; H, 6-5. C,H,,0, requires C, 49-5; H, 6-4%). 
Distillation of the liquid portion gave a further quantity of the ester, b. p. 135°/12 mm. Saturated 
with ammonia in methyl-alcoholic solution, the ester afforded the ‘riamide, m. p. 249° (decomp.), 
as a crystalline powder (from dilute ethyl alcohol) (Found : C, 41-6; H, 6-4; N, 23-9. C,H,,0;N, 

; ‘ ; , eS CO-CHMe 
r ‘ 4: +39 ] . “38 
equires C, 41-6; H, 6-4; N, 24-3%), and the more soluble amide-imide, NH <co-CH-CO-NH, 
which crystallised from dilute alcohol in burr-like clusters of fine needles, m. p. 162° (Found : 
C, 46-0; H, 5-4; N, 18-2. C,H,O,N, requires C, 46-2; H, 5-1; N, 18-0%). 

Methyl a-bromo-n-propane-aaB-tricarboxylate (VIII) was prepared by gradual addition of 
24 g. of bromine to 32 g. of the above ester, gentle heat being applied to initiate the reaction. 
After hydrogen bromide ceased to be evolved, the product was largely diluted with ether, 
washed with water and sodium carbonate solution, and dried with sodium sulphate. Distillation 
of the residue from the ethereal solution gave 33 g. of the bromo-ester, b. p. 150°/7 mm., which 
seemed to contain a little unbrominated ester (Found: Br, 24-1. C,H,,0,Br requires Br, 
26-9%). 

Attempted condensation of this bromo-ester with methyl malonate in methyl-alcoholic 
sodium methoxide gave the saturated ester, m. p. 48—49° (alone or mixed), the bromine being 
replaced by hydrogen. The reduction is effected by the methyl-alcoholic sodium methoxide, 
the bromo-ester being similarly converted by simple refluxing with this reagent for 1-5 hours. 

Methyl A*-Propene-aaf-tricarboxylate (IX).—The bromo-ester (33 g.) was poured into 15 g. 
of pyridine, and left for 24 hours. Some evolution of heat and darkening occurred, pyridine 
hydrobromide separating. After isolation of the product by pouring into water, extraction 
with ether, and washing with water, dilute hydrochloric acid and sodium hydrogen 
carbonate solution, it was found still to contain bromine and two further treatments with 
pyridine were necessary before a bromine-free product was obtained. Distillation of the dried 
ethereal extract gave the unsaturated ester, b. p. 178°/53 mm. (Found: C, 49-8; H, 5:8. 
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CyH,,0, requires C, 50-0; H, 56%). The amide crystallised from dilute alcohol in hard 
nodules, m. p. 198° (decomp.) (Found : C, 42-6; H, 5-6. C,H,O,N, requires C, 42-1; H, 5-3%). 
Mesaconic acid, m. p. 202° (alone or mixed with a genuine specimen), was obtained by hydrolysis 
of the ester. 

Attempted condensation of (IX) with methyl acetoacetate. The condensation with 1 mol. of 
the latter in presence of methyl-alcoholic sodium methoxide gave mainly acid products. When 
a large excess of the acetoacetate was used, and the mixture refluxed on the steam-bath for 
65 hours, a neutral fraction was obtained from which a small amount of a crystalline substance, 
m. p. 250—251° (decomp.), separated. Distillation of the liquid portion gave two fractions : 
(1) b. p. 120—140°/3—4 mm.; and (2) b. p. 140—150°/3 mm., which partly crystallised. Re- 
crystallisation of this solid material from ether-—ligroin (b. p. 40—60°) gave methyl paraorsellin- 
ate, m. p. 97° (Found: C, 59-3; H, 5-6. Calc.: C, 59-3; H, 5°5%). 

Methyl B-bromo-n-propane-axB-tricarboxylate (X) was obtained when 21 g. of the unsaturated 
ester (IX) were treated with 18 c.c. of 55% (wt./vol.) hydrogen bromide in acetic acid for 48 
hours. The product was poured into water at 0° and extracted with ether, and the extract 
washed successively with water and sodium carbonate solution, and dried over calcium chloride. 
The crude product tends to lose hydrogen bromide but can be distilled if an oil pump is employed. 
The bromo-ester, b. p. 158—165°/5 mm., crystallises; m. p. 68° after recrystallisation from 
ether—ligroin (b. p. 40—60°) (Found: Br, 26-1. C,H,,;0,Br requires Br, 26-99%). 

When the bromo-ester is refluxed with sodium iodide in ethyl alcohol for a while, and the 
product worked up (Baker, this vol., p. 216), the corresponding iodo-es/er, b. p. 165—175°/10 mm., 
crystallising from ether—ligroin in feathery clusters of needles, m. p. 72°, is obtained (Found : 
I, 36-3. C,H,,;O,I requires I, 36-6%). e 

Methyl 8-Methyl-n-propane-aafyy-pentacarboxylate—To a solution of 0-76 g. of sodium in 
20 c.c. of dry methyl alcohol, 5-7 g. of methyl malonate were added, followed, after thorough 
cooling, by 9-9 g. of the bromo-ester (X). After being kept at room temperature for 18 hours, 
the mixture was refluxed on the steam-bath for 5 hours and poured into water, and the slightly 
alkaline solution extracted with ether. Fractional distillation of the colourless residue from 
the dried extract gave fractions, b. p. 160—170°/1-5 mm. and 170° and over /1—1-5 mm., both 
of which partly crystallised after addition of ether and rubbing in ice. The eséer crystallised 
from ice-cold ether in rosette clusters of minute prisms, m. p. 58° (Found: C, 48-4; H, 5-75. 
CygH 9049 requires C, 48-3; H, 5-75%). 

Methyl By-Dimethyl-n-butane-aapy88-hexacarboxylate (XI1)—This ester was obtained in an 
attempt to condense 3 g. of the bromo-ester (X) with 2-46 g. of methyl 8-methyl-n-butane-aa8- 
tricarboxylate (VI) in a cold solution of 0-23 g. of sodium in 2 c.c. of dry methyl alcohol. After 
being kept at room temperature for 18 hours, the mixture was refluxed on the steam-bath for 
2—3 hours, diluted with ether, and poured into water, and the ethereal solution washed with 
aqueous sodium carbonate. The pale straw-coloured gum obtained by evaporation of the 
dried ethereal solution partly crystallised after being kept for 48 hours in a vacuum desiccator. 
After trituration with cold ether—ligroin, the ester, m. p. 179°, was crystallised from methyl 
alcohol (Found: C, 49-9; H, 5-7. C,,H.,0,. requires C, 49-8; H, 5-9%). 

Methyl 8-Keto-n-pentane-y8-dicarboxylate——To a cold solution prepared from 38-7 g. of 
methyl acetoacetate and 7-7 g. of sodium dissolved in 120 c.c. of dry methyl alcohol, 55-7 g. of 
methyl «-bromopropionate were added. Sodium bromide began to separate almost immediately, 
and, after heating on the steam-bath for 1 hour, the product was poured into water, and the 
neutral fraction isolated in the usual manner. Fractional distillation gave the keto-ester, b. p. 
146°/30 mm., which gives a faint purple colour with ferric chloride (Found: C, 53-5; H, 6-9. 
CyH,,0, requires C, 53-5; H, 69%). The semicarbazone crystallised from dilute alcohol in 
clusters of small needles, m. p. 159° (Found: C, 46-6; H, 6-6. CygH,,O;N; requires C, 46-4; 
H, 6-6%). The crude bromo-ester obtained by the action of bromine on the above ester could 
not be distilled without decomposition, and direct treatment of the crude product with pyridine 
gave no pure bromine-free compound. 

Unsuccessful Attempts to prepare Esters of the Type CHX,*CMeX:CHX,.—Ethyl n-butane- 
aByys-pentacarboxylate. 25 G. of ethyl ethane-x«f-tricarboxylate were added to a solution of 
2-4 g. of sodium in dry ethyl alcohol, and, after cooling, 27-5 g. of ethyl bromosuccinate were 
added. Separation of sodium bromide began at once with self-heating. After } hour’s reflux- 
ing, the neutral product was isolated in the usual manner. Distillation gave 12 g. of the required 
ester, b. p. 210°/5 mm. (Found: C, 54:6; H, 7-2. CygHggQi9 requires C, 54:5; H, 7:2%). 

Similar condensation using ethyl §-bromo-n-propane-«$-dicarboxylate, b. p. 124°/25 mm. 
(prepared by saturating a solution of citraconic anhydride in dry methyl alcohol with dry 
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hydrogen bromide), “in place of ethyl bromosuccinate gave ethyl citraconate and ethanetri- 
carboxylate as the main products. The condensation was repeated by dissolving 1-1 g. of 
“molecular ’”’ sodium in 12 g. of the tricarboxylate in dry toluene, removing any undissolved 
sodium, and dropping the dry filtrate slowly on 15 g. of the bromo-ester in the same solvent, 
care being taken to exclude water at all stages. The reaction mixture was kept at incipient 
ebullition for 1 hour, sodium bromide separating. The cooled reaction mixture was largely 
diluted with ether and poured into water and the residue from the dried ethereal extract was 
carefully fractionated (glycerol-bath and fractionating Claisen flask). The low fraction again 
seemed to consist of ethyl citraconate and practically the whole distilled below 160°/5 mm., 
indicating the absence of the required condensation product. Hydrolysis of the few drops, 
b. p. 210°/5 mm., gave only a trace of a solid acid, m. p. 182°, which seems to be succinic acid 
(Found : C, 41-2; H, 5-0. Calc.: C, 40-7; H, 5-1%). 

Bromination of ethyl 6-methyl-n-propane-xyy-tricarboxylate (Michael, Ber., 1900, 33, 3748) 
with bromine without solvent gave the y-bromo-esier, b. p. 184°/9 mm. (Found: Br, 22-5. 
C,,;H,,0,Br requires Br, 22-7%). An attempt to condense this with the potassium derivative 
of ethyl «8-dicyano-$-methylglutarate (Hope and Sheldon, loc. cit.) gave a very dark viscous 
oil from which, on hydrolysis with hydrochloric and sulphuric acids, ®-methylglutaric acid, 
m. p. 82° (alone or mixed with a genuine specimen), was the only crystalline material 
isolated. 

Hydrolysis of Ethyl a8-Dicyano-B-methylglutavate.—This ester (25 g.) (loc. cit.) was refluxed 
for 18 hours with saturated ethyl-alcoholic hydrogen chloride and a few c.c. of concentrated 
sulphuric acid. When poured into aqueous sodium carbonate, the product was soluble, and 
from the solution a colourless viscous gum, b. p. 194—198°/1 mm., was extracted. After 
keeping and boiling with ether—ligroin, a crystalline substance, m. p. 109—110° after crystallisa- 
tion from ether, was obtained (Found : C, 49-8; H, 5-6; N, 6-45%), which was further hydrolysed 
by boiling concentrated hydrochloric acid to an acid, m. p. 133° after crystallisation from ether 
containing a little acetone. The analytical data for the latter are those required by the pyridine 
derivative Ne CIOH CH > CMeCOH (Found : C, 49:1; H, 5-4; N, 8-3. C,H,O,N requires 
C, 49-1; H, 5-3; N, 8-2%) (compare Kon and Nanji, Joc. cit.), but the structure of the precursor, 
m. p. 109—110°, has not so far been correlated with this constitution. 
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199. Synthesis of Substances Analogous to Bile Acid Degradation 
Products. Part III. The Attempted Use of Diallyl as an Agent 
to introduce the Requisite Side Chain in the Synthesis of the Acid 
C,3H 50g. 


By Joun W. BAKER and HAROLD Burton. 


THE difficulties encountered in the introduction of the carboxylated side chain 
*CHMe’CH,°CH,°CO,H into the appropriately substituted cyclopentanone esters have 
already been noticed (preceding paper) and it was thought that the desired result might 
be attained by use of the Grignard reaction with a bromo-unsaturated hydrocarbon of the 
type CHMeBr-CH,°CH,°CH:CR,, the requisite carboxyl group being subsequently obtained 
by oxidative fission at the double linking. A suitable bromohydrocarbon appeared to be 
the monohydrobromide of diallyl, since the corresponding monohydriodide has the struc- 
ture CHMelI-CH,°CH,°CH°CH, (Griner, Ann. Chim., 1892, 26, 331). Addition of hydrogen 
bromide (less than 1 mol.) to diallyl in acetic acid proceeds smoothly to give a mixture 
containing 47% of the monohydrobromide and 53°% of the dihydrobromide, which are readily 
separated by fractional distillation. The former derivative was condensed, under various 
conditions, with magnesium and methyl 2-methylcyclopentanone-2 : 3-dicarboxylate (pre- 
pared by the method used by Kay and Perkin for the corresponding ethyl ester; J., 1906, 
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89, 1642), and the product subjected, without purification, to ozonolysis and subsequent 
oxidation with cold alkaline hydrogen peroxide, in an attempt to realise the synthesis, 


CO CR-OH C(OH)-CHMe-[CH,],°CO,H 
H,C CMe-CO,.Me RMeBr_ H.C CMe-CO,Me = H,C CMe:CO,Me 


H,C_—|CH-CO,Me ~~ H,C_—!CH:CO,Me °: H,C!—/CH-CO,Me 
(R = -CHMe-[CH,],*CH:CH,). 


but neither the hydroxy-acid ester nor the corresponding unsaturated derivative could be 
isolated. 

During the decomposition of the ozonide the unexpected production of acetaldehyde 
(along with the anticipated formaldehyde) led to a reinvestigation of the structure of the 
monobromo-compound and, subsequently, that of diallyl itself. 

The formation of formaldehyde and succindialdehyde by ozonolysis of diallyl (Harries 
and Tiirk, Annalen, 1905, 343, 360) definitely shows that the hydrocarbon is, at least mainly, 
A**-n-hexadiene (I), but repetition of the ozonolysis on a sample prepared in the usual 
manner from allyl bromide (Lespieu, Ann. Chim., 1912, 27, 149) afforded some acetalde- 
hyde (identified as its p-nitrophenylhydrazone), indicating the presence of at least traces 
of the isomeric hydrocarbons (II) and/or (III), which may account for the frequently ob- 
served occurrence of acetic acid amongst the products of oxidation of diallyl (Sorokin, /. 
pr. Chem., 1881, 28, 1). Oxidation of the non-volatile product with hydrogen peroxide, 


CH,:CH-CH,°CH,°CH:CH, CH,°CH:CH-CH,°CH:CH, CH,°CH:CH-CH:CH:-CH, 
(I.) (II.) (III.) 
however, gave almost pure succinic acid in which no trace of malonic and only the smallest 
trace of oxalic acid could be detected. Hence it would appear probable that the amount 
of the isomeric hydrocarbon (II) or (III) present in diallyl is small. 

Decomposition of the ozonide of the monohydrobromide also gave some acetaldehyde 
(together with formaldehyde) and a lachrymatory bromo-aldehyde which could not be 
definitely characterised, since it lost hydrogen bromide on distillation even under reduced 
pressure. All attempts to obtain a crystalline bromine-containing product failed, but 
oxidation of the non-volatile, neutral and acid products of ozonolysis with perhydrol gave 
small amounts of succinic acid, and a trace of oxalic acid could be detected as-its calcium 
salt. On the basis of modern orientation theory (Lucas, e¢ al., J. Amer. Chem. Soc., 1924, 
46, 2475; 1925, 47, 1459, 1462; Burton and Ingold, J., 1928, 904), the most probable 
structure of the isomeric monobromo-derivative which gives rise to acetaldehyde on ozono- 
lysis is CH,*CHBr-CH,°CH:CH-CH, (IV), which should afford $-bromo--butaldehyde as 
the second product of ozone fission. An attempt to synthesise this aldehyde by addition 
of hydrogen bromide to crotonaldehyde led to the isolation of its trimolecular polymeride, 
(C,H,OBr)3, as a crystalline solid. Since no trace of this polymeride could be obtained 
from the products of ozonolysis of the monohydrobromide, it would again appear that the 
amount of (IV) present is small. 

Although admittedly incomplete (since the object of this investigation was not to deter- 
mine the structure of the small quantities of isomerides present), it would seem that the 
evidence obtained justifies the belief that the main constituent of diallyl is A**-hexadiene, 
its monohydrobromide consisting largely of e-bromo-A*-hexene (V) (which would afford 
y-bromo-n-valeraldehyde as the second product of ozone fission), so that this bromohydro- 
carbon should be of value as a reagent to introduce the requisite side chain in the synthesis 
of the C,3H)O0, acid obtained in the degradation of the cholic acid molecule. Bouveault 
and Locquin (Bull. Soc. chim., 1908, 3, 442) found that 5-alkyleyclopentanone-2-carboxylic 
esters could be readily obtained by alkylation of ethyl sodiocyclopentanone-2-carboxylate, 
fission to the a-alkyladipic ester, and reclosure of the ring in a new direction by the Dieck- 
mann reaction. By use of a bromo-unsaturated hydrocarbon of type (V), attachment of 
the appropriate side chain should be effected, the carbonyl group being subsequently intro- 
duced by oxidation at the ethylenic linking. A preliminary experiment in which the 
monohydrobromide was condensed with the sodio-derivative of methyl cyclopentanone-2- 
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carboxylate under conditions in which ring fission of the alkylated cyclopentanone ester 
might be expected to occur gave a small yield of an ester which seems to be methyl «-(«- 
methyl-A*-pentenyl)adipate, and this method is being further explored. 


EXPERIMENTAL. 


Addition of Hydrogen Bromide to Diallyl_—110 G. of diallyl (Lespieu, loc. cit.) in 400 c.c. of 
acetic acid were treated with 160 c.c. of 55% (wt./vol.) hydrogen bromide in acetic acid and 
left at room temperature for 18 hours. The mixture was poured into water, the oil separated, 
and the remaining traces extracted with ether. The combined extracts were washed with 
aqueous sodium hydrogen carbonate and dried over calcium chloride. Fractionation of the 
residue after evaporation of the ether gave 47 g. of the monohydrobromide, b. p. 41—43°/13 mm. 
(Found: C, 44-7; H, 6-9; Br, 48-0. C,H,,Br requires C, 44-2; H, 6-8; Br, 49°1%), 9 g. of 
intermediate fraction, and 63 g. of the dihydrobromide, b. p. 82—84°/5 mm. (Found: Br, 62:3. 
C,H,.Br, requires Br, 65-6%). The analytical data indicate that separation of the two pro- 
ducts from each other and from the unbrominated hydrocarbon is not quite complete. 

Ozonolysis of Diallyl_—5 G. of diallyl were ozonised in chloroform solution for 36 hours, 
initially with efficient ice-cooling, and the ozonide, after evaporation of the chloroform in a 
vacuum at room temperature, decomposed by boiling with water under reflux. The escaping 
volatile matter was bubbled through a solution of p-nitrophenylhydrazine in dilute hydrochloric 
acid, and gave acetaldehyde-p-nitrophenylhydrazone, m. p. and mixed m. p. 128°. Formaldehyde 
was detected in a distillate of the aqueous liquor by its odour and the usual characteristic tests. 

It was shown that when an artificial mixture of acetaldehyde and formaldehyde (containing 
excess of the latter) is boiled with water under an air-cooled reflux condenser, and the escaping 
volatile matter is passed into p-nitrophenylhydrazine in dilute hydrochloric acid, only acetalde- 
hyde-p-nitrophenylhydrazone is obtained, and this method constitutes a convenient means of 
detecting acetaldehyde in the presence of excess of formaldehyde. 

The residual aqueous liquor after decomposition of the ozonide was cooled, 20 c.c. of per-. 
hydrol added, and the whole left for 24 hours. Evaporation on the steam-bath with repeated 
addition of water to remove hydrogen peroxide gave a clean crystalline acid, which, after 
recrystallisation from water had m. p. 183° either alone or mixed with authentic succinic acid, 
gave all the characteristic tests of this acid, and was converted into the anhydride, m. p. 119— 
120°. The absence of malonic acid was shown by gently heating a portion of the original acid 
product, no odour of acetic acid being detected and no ethyl acetate being formed on warming 
with alcohol and sulphuric acid. Addition of aqueous calcium chloride to an ammoniacal solu- 
tion of the original acid product acidified with dilute acetic acid gave only a trace of turbidity, 
indicating the presence of only a very small amount of oxalic acid. 

In order to ensure that the acetaldehyde did not originate from any ethyl alcohol in the 
chloroform used as solvent, the ozonolysis was repeated in dry hexane (distilled over sodium) 
with identical results. 

Ozonolysis of the Monohydrobromide.—8 G. of the monohydrobromide were similarly ozonised 
in chloroform solution. A very faint yellow colour indicated the slight liberation of bromine 
in the early stages. Decomposition of the ozonide and the detection of formaldehyde and 
acetaldehyde were effected as described above. The aqueous liquor was extracted repeatedly 
with ether, and the extract separated by aqueous sodium hydrogen carbonate into neutral (A) 
and acid (B) portions, leaving a residual aqueous liquor (C). 

The residue from A was a lachrymatory bromine-containing oil which could not be distilled 
without much decomposition and loss of hydrogen bromide (Found for the first few drops of the 
distillate: C, 46-05; H, 6°85; Br, 22-01. C,;H,OBr requires C, 36-4; H, 5-45; Br, 48-5%. 
C,H,O requires C, 71-5; H, 9-5%). With semicarbazide acetate and p-nitrophenylhydrazine, 
only small amounts of insoluble products, which could not be purified, were obtained. No 
trace of (C,H,OBr), (below) could be isolated. 

The bicarbonate extract (B) was evaporated to small bulk on the steam-bath, acidified with 
concentrated hydrochloric acid at 0°, and repeatedly extracted with ether. The residue from 
the dried ethereal solution was a brown syrup containing bromine. When it was treated with 
N-potassium hydroxide under conditions under which §-bromobutyric acid affords crotonic acid, 
no trace of this acid could be detected. From the product obtained by oxidation of the aqueous 
liquor (C) with nitric acid (d 1-52) were isolated succinic acid, m.p. 182° (alone and mixed), and 
a trace of a bromine-containing substance, m. p. 251° (decomp.), not obtained in quantity suffi- 
cient for identification. The ozonolysis was also repeated in hexane solution with similar results. 
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Addition of Hydrogen Bromide to Crotonaldehyde.—After a few hours a mixture of 35 g. of 
freshly distilled crotonaldehyde and 75 c.c. of 55% (wt./vol.) hydrogen bromide in acetic acid 
separated into 2 layers and was at once poured into ice and sodium hydrogen carbonate solution 
and extracted with ether [on prolonged standing (18 hours), the reaction mixture turns black 
and the product is then a thick black tarry oil]. After repeated washing with aqueous bicarbon- 
ate, the residue from the dried ethereal extract was distilled, with much decomposition, and 
afforded a mobile yellow oil, b. p. 65—75°/10 mm., which was not homogeneous and rapidly 
darkened and became viscous on keeping. The distillate was again washed with aqueous 
bicarbonate and, on cooling in ice, partly crystallised. The crystalline material was drained 
on porous porcelain, and washed with a small quantity of ligroin (b. p. 40—60°) at 0°. The 
trimeride of 8-bromo-n-butaldehyde crystallises from a concentrated solution of ligroin at 0° 
in stellate clusters of fine needles, m. p. 98° [Found : C, 32-0; H, 4:8; Br, 52-6; M, 404, 423. 
(C,H,OBr), requires C, 31:8; H, 4-6; Br, 53-0%; M, 453]. The aldehyde is very soluble in 
ligroin and gives a purple colour after prolonged keeping with Schiff’s reagent. An attempt to 
prepare a semicarbazone from the original distillate resulted only in the slow crystallisation of 
the solid trimeride. 

Attempted Grignard Condensations on cycloPentanone Esters.—Methyl cyclopentanone-2 : 3- 
dicarboxylate, b. p. 162°/15 mm. (Found: C, 53-9; H, 6-2. C,H,,0,; requires C, 54-0; H, 6-0%), 
was prepared by the Dieckmann reaction from methyl n-butanetricarboxylate, b. p. 168°/16 mm. 
(Found: C, 51-6; H, 6-8. C, 9H,,O, requires C, 51-7; H, 6-9%), in a manner similar to that 
used by Kay and Perkin (/oc. cit.) for the corresponding ethyl esters. The cyclopentanone ester 
gives a semicarbazone, m. p. 188—189° after crystallisation from methyl alcohol (Found: C, 
46-6; H, 5-9. C,,H,,;0,;N, requires C, 46-7; H, 58%). 

Methylation of the cyclopentanone ester (Kay and Perkin, loc. cit.) afforded methyl 2-methyl- 
cyclopentanone-2 : 3-dicarboxylate, b. p. 146°/4 mm. (Found: C, 53-9, 54:2; H, 7-1, 7-0. 
C19H,,O; requires C, 56-1; H, 65%). The low values for carbon may be due to the production 
of methane during combustion, since the ester gives no colour with ferric chloride and yields a 
semicarbazone, m. p. 234° (decomp.), which gives the required analytical values (Found: C, 
48:8; H, 6-3. C,,H,,0O,;N, requires C, 48-75; H, 6:3%). 

Essentially the same results were obtained when an attempt was made to condense this 
ester with the magnesium compound of CHMeBr-[CH,],-CH:CH, (from diallyl) either by 
addition of the ester to the previously prepared Grignard reagent or by the preparation of the 
latter in situ, and only the latter process need be described. The bromo-compound was added 
dropwise to 1-5 g. of magnesium in 50 c.c. of dry ether and after formation of the Grignard 
compound had commenced the remainder of the bromo-compound and 10 g. of the cyclopent- 
anone ester were added together in small successive portions with mechanical stirring. The 
mixture was gently refluxed on the steam-bath for 36 hours, decomposed with ice and ammon- 
ium chloride, and the dried ethereal solution slowly evaporated at the ordinary temperature. 
The residue was dissolved in dry chloroform and ozonised for 48 hours, the chloroform evapor- 
ated, and the syrupy ozonide decomposed by boiling with water. The volatile products con- 
sisted of formaldehyde and acetaldehyde and the residual cooled aqueous liquor was oxidised 
with hydrogen peroxide and sodium hydrogen carbonate at room temperature for 24 hours. 
The liquid was extracted with ether and separated into neutral (A) and acid (B) fractions by 
sodium hydrogen carbonate. (A) gave an aldehyde reaction with Schiff’s reagent, but distil- 
lation proved it to consist mainly of unchanged ketonic ester, b. p. 144°/4 mm.; semicarbazone 
(Found : C, 48-4; H, 6-2%), m. p. 234° either alone or mixed with a genuine specimen. Hydro- 
lysis of (B) with boiling concentrated hydrochloric acid for 5 hours gave n-pentane-wyé-tricarb- 
oxylic acid, m. p. 177° (Found: C, 47-1; H, 5:8. Calc. : C, 47-1; H, 5-9%), similarly obtained 
by Haworth and Perkin (J., 1908, 93, 579) from the cyclopentanone ester, as the sole crystalline 
product. Esterification of another portion of (B) with methyl alcohol and sulphuric acid gave 
a neutral ester which again seemed to consist mainly of the original cyclic ester. 


One of the authors (J. W. B.) thanks the Government Grant Committee of the Royal Society 
for a grant. 
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200. Constituents of Filix Mas. Part I. Aspidinol. 
By ALEXANDER ROBERTSON and WILLIAM F. SANDROCK. 


THE extract of the dried rhizome of Aspidium (Dryopteris) filix-mas (or of A. marginalis) 
constitutes an important and reliable anthelmintic drug, filix mas, or oil of male fern, having 
a specific action on the various species of tapeworm. Our knowledge of the chemical 
constituents of this drug is due largely to Boehm, Kraft, Dacomono, and Schiff (for the 
main references, see Czapek, ‘‘ Biochemie der Pflanzen,” 1925, vol. III, pp. 565—567) and, 
though much work has been done, the chemical nature of the different compounds, 
aspidinol, filic acid, aspidin, albaspidin, flavaspidic acid, and filmaron, which appear to 
be derivatives of C-methyl- and of gem-dimethyl-phloroglucinol, is still not clear. The 
structural formule which have been ascribed to these substances depend on the results 
of analytical investigations and in the present series of memoirs it is intended to supply 
complementary evidence mainly by means of synthetical experiments. 

Aspidinol, the simplest phenolic constituent of the drug and an integral part of the 
aspidin molecule, was first isolated in 1897 by Boehm (Arch. exp. Path. Pharm., 38, 35), 
who subsequently showed that the compound was a monomethy]l ether of C-methylphloro- 
n-butyrophenone (VII or VIII); on the basis of indirect evidence he finally adopted 
formula (VII) for the ketone (Annalen, 1901, 318, 245; 1903, 329, 269). By the condens- 
ation of C-methylphloroglucinol 8-methyl ether and x-butyronitrile Karrer and Widmer 
(Helv. Chim. Acta, 1920, 3, 392) obtained two isomeric ketones, one of which was identical 
with Boehm’s aspidinol. Accordingly, in view of the absence of direct experimental 
evidence regarding the orientation of aspidinol, the experiments now described were 
undertaken. 

On repeating the condensation of C-methylphloroglucinol 8-methyl ether and »-butyro-: 
nitrile we always obtained a good yield of aspidinol accompanied by only a trace of Karrer 
and Widmer’s %-aspidinol (less than 1% of the crude product). Karrer and Widmer have 
remarked, however, that the proportion of the isomerides formed varies to some extent 
with the experimental conditions. On the other hand, when »-butyronitrile is replaced 
by acetonitrile, Curd and Robertson (unpublished work) have found that only 2 : 6-di- 
hydroxy-4-methoxy-3-methylacetophenone is formed. The latter authors (this vol., pp. 
437, 714) have also shown that in general the application of the Gattermann and Hoesch 
(with acetonitrile) reactions to the «-dimethyl ether of C-methylphloroglucinol yields only 
the respective o-hydroxycarbonyl compounds. These results, together with the fact that 
aspidinol is almost insoluble in dilute aqueous sodium carbonate, led us to believe that the 
ketone is represented by formula (VII). Further, on the basis of the numerous alkylation 
experiments on carbonyl derivatives of C-methylphloroglucinol described by Curd and 
Robertson (loc. cit.) we considered it likely that on ethylation by means of ethyl iodide 
and potassium carbonate in boiling acetone aspidinol would give rise to a monoethyl ether 
only (IV). In agreement with these conclusions the orientation of aspidinol was established 
in the following manner. 


Me Me Me Me 
NO, NNO, MeO’ NNO, MeO’ SOH MeO’ NOH 
O-C,H, 
OEt OEt UEt OEt 
(I.) (II.) (III.) (IV.) 
Me Me O Me Me 
HO’ \oR MeO” \“ \cCMe Me OH HO” \OMe 
O-C,H, \ ABt O-C,H, O-C,H, 
UEt Et CO OH OH 
(V.) (VI.) (VIL.) (VIIL.) 


6-M ethoxy-4-ethoxy-o-cresol (III) was prepared from 2: 6-dinitro-f-cresol by way of 
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the stages (I) and (II) and on condensation with u-butyronitrile according to the method 
of Hoesch gave rise to the ketone (IV) along with a small amount of the isomeride (V, R = 
Me). The former compound, which gave a ferric chloride reaction, was identical with the 
monoethy]l ether of aspidincl and on ring closure with acetic anhydride and sodium acetate 
formed the chromone (V1). The orientation of monoethylaspidinol (IV) is thus clearly 
established and accordingly aspidinol must be represented by formula (VII). 

Though the melting point originally given for the natural ketone by Boehm was 143° 
(identical with that of the synthetic compound), in a later communication (1901, loc. cit.) 
this author states that by repeated crystallisation from benzene a specimen was obtained 
melting at 156—161°, and that this melting point was considerably depressed by traces of 
impurities. From a comparison of two of Boehm’s specimens, m. p. 140° and m. p. 145— 
156°, with their synthetic ketone, m. p. 140—141°, Karrer and Widmer concluded that the 
substances were identical. We were able, through the kindness of Professor O. Gros of 
Leipzig, to examine three small specimens of natural aspidinol, (A), (B), and (C), isolated 
by Boehm, and have confirmed the observations of Karrer and Widmer. In addition we 
found that on ethylation (B) and (C) gave a monoethyl ether identical with the ether 
derived from synthetic aspidinol and with the o-hydroxy-ketone obtained from (III) by 
the Hoesch reaction. After exhaustive purification, the melting point of our synthetic 
aspidinol remained constant at 143°. The natural specimen (A) having the higher melting 
point was too small to permit a detailed examination. 

The only feasible direct method for establishing the relative positions of the hydroxyl 
and carbonyl groups in ketones of the type (IV) appeared to be the conversion of the latter 
into the corresponding chromones with acetic anhydride and sodium acetate. At first 
considerable difficulty was experienced in effecting this ring closure. Under the usual 
conditions, only the acetates of the ketones are formed, and on this account the conversion 
of 2-hydroxy-4 : 6-dimethoxy- and 2-hydroxy-4 : 6-diethoxy-3-methyl-n-bulyrophenone into 
5 : 7-dimethoxy- and 5 : 7-diethoxy-2 : 8-dimethyl-3-ethylchromone respectively was studied ; 
the orientation of the former ketone follows from its preparation by the general method 
of Curd and Robertson (loc. cit.). 


The Reactivity of some C-Methylphenolic Ethers. 


St. Pfau (Helv. Chim. Acta, 1928, 11, 864) observed that contrary to expectation the 
application of the Gattermann reaction to $-orcinol monomethyl ether gave a product 
consisting mainly of the o-hydroxy-aldehyde and, from a comparison with the behaviour 
of orcinol monomethy] ether, suggested that the C-methyl group in the o-position to the 
methoxyl and hydroxyl groups was responsible for this result. The behaviour of 
6-methoxy-o-cresol (Jones and Robertson, J., 1932, 1689) and of C-methylphloroglucinol 
6-monomethyl and «-dimethyl ethers (Curd and Robertson, Joc. cit.) in yielding only 
the respective o-hydroxy-aldehydes amply supports the conclusion of St. Pfau. In 
addition, the work of Jones and Robertson (/oc. cit.) and of Curd and Robertson (oc. cit.) 
and the experiments now described show that with these phenols the Hoesch reaction 
takes the same course (compare Baker and Robinson, J., 1929, 155; Robertson and 
co-workers, J., 1930, 21 ; 1931, 1245). 


EXPERIMENTAL. 


2 : 6-Dinitro-4-ethoxyioluene (1).—2 : 6-Dinitro-p-cresol (Curd and Robertson, Joc. cit.) (20 g.) 
was ethylated with ethyl iodide (20 c.c.) and potassium carbonate (20 g.) in boiling acetone 
(60 c.c.) during 6 hours. After isolation in the usual manner, the ether crystallised from light 
petroleum (b. p. 60—80°) in pale yellow prisms and then from aqueous alcohol in straw-coloured 
laminz, m. p. 108—109° (Found: C, 47-8; H, 4-7. C,H,,O;N, requires C, 47-8; H, 44%). 

The use of ethyl sulphate gave unsatisfactory yields. 

6-Nitro-4-ethoxy-o-toluidine.—To a solution of the foregoing ether (11-3 g.) in alcohol (75 c.c.), 
stannous chloride (33-8 g.), dissolved in alcohol (100 c.c.) saturated with dry hydrogen chloride, 
was added in 6 portions during } hour. The mixture was heated on the steam-bath for 2 hours, 
the greater part of the alcohol distilled, water (700 c.c.) added, the tin salt decomposed by 
30% aqueous potassium hydroxide (500 c.c.), and the precipitate collected, washed, dried, and 
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repeatedly extracted with boiling light petroleum (b. p. 60—80°). On cooling, the extracts 
deposited the amine (8 g.) in orange needles which in contact with the solvent rapidly changed 
to irregular plates, m. p. 89—90° after being thrice recrystallised (Found : N, 14-5. C,H,,0;N, 
requires N, 14-3%). The acetyl derivative separated from aqueous alcohol in colourless needles, 
m. p. 192—193° (Found: N, 11-9. C,,H,,0,N, requires N, 11-8%). 

This nitro-amine (15 g.), m. p. and mixed m. p. 89—90°, was also obtained by the partial 
reduction of the dinitro-compound (22-7 g.) in warm alcohol (85 c.c.) with aqueous ammonia 
(13 c.c., d 0-88) and an excess of hydrogen sulphide during 2 hours. 

6-Nitro-4-ethoxy-o-cresol.—The preceding nitro-amine (15 g.) was dissolved in water (225 
c.c.) and sulphuric acid (45 c.c.) and diazotised at below 0° (5-3 g. of sodium nitrite in 30 c.c. of 
water). 4 Hour later the unchanged nitrous acid (trace) was decomposed with urea, and the 
diazo-solution gradually added to boiling 20% sulphuric acid (1 1.). After cooling, the solid 
(14-5 g.) was collected, washed, dried, and extracted with boiling light petroleum. The nitro- 
cresol (10-5 g.) separated from the extract in clusters of yellow needles, m. p. 117—118° after 
recrystallisation (Found in material dried in a high vacuum at 70°: C, 54:8; H, 5-9. CyH,,0O,N 
requires C, 54-8; H, 5-6%). The compound is soluble in benzene, alcohol, and ether. 

Ethylation of this phenol (10 g.) with ethyl iodide (10 c.c.) and potassium carbonate (20 g.) 
in boiling acetone (25 c.c.) during 4 hours gave 2-nitro-4 : 6-diethoxytoluene, which separated 
from aqueous alcohol in slender yellow prisms, m. p. 103° (Found : C, 58-7; H, 6-8. C,,H,;0,N 
requires C, 58-7; H, 6-8%). 

4 : 6-Diethoxy-o-toluidine.—The above nitro-ether (7 g.) was reduced (7 hours) in boiling 
50% alcohol (100 c.c.) with sodium sulphide (35 g.), water (excess) added, and the amine isolated 
in ether and converted into the sulphate, which formed needles from warm water. The base 
did not solidify. The acetyl derivative separated from dilute alcohol and then from light 
petroleum-ethyl acetate in needles, m. p. 134—135° (Found: N, 6-0. ©C,3;H,,0,;N requires 
N, 59%). 

C-Methylphloroglucinol «-Diethyl Ether—The preceding sulphate (7 g.; water, 75 c.c.; 
sulphuric acid, 10 c.c.) was diazotised below 0° (sodium nitrite, 1-85 g.; water, 10 c.c.) and after . 
1} hours the filtered solution was gradually added to boiling 18% sulphuric acid. Methylphloro- 
glucinol a-diethyl ether was isolated in ether, distilled under reduced pressure, and crystallised 
from light petroleum (b. p. 60—80°), forming silky needles, m. p. 64—65°, readily soluble in 
alcohol or ether and sparingly soluble in hot water (Found: C, 67-1; H, 8-3. C,,H,,03 
requires C, 67-4; H, 8-2%). The compound does not give a ferric chloride reaction. 

Condensation of Methylphloroglucinol «-Diethyl Ether and n-Butyronitrile——The diethyl 
ether (3-7 g.) was condensed with the nitrile (1-8 g.) in ether (50 c.c.) by means of zinc chloride 
(2 g.) and excess of hydrogen chloride, 36 hours later the resulting mixture of ketimines was 
collected, washed with ether, and boiled with water (70 c.c.) for $ hour, and next day the product 
was extracted with cold 1% aqueous sodium hydroxide for 4 hours, washed with water, dried, 
and crystallised from light petroleum. 2-Hydroxy-4 : 6-diethoxy-3-methyl-n-butyrophenone 
formed colourless, elongated, rectangular plates (2-3 g.), m. p. 103-5—104-5°, and gave a brown 
coloration with alcoholic ferric chloride which faded on the addition of water (Found : C, 67-5; 
H, 8-4. C,;H,.O,4 requires C, 67-7; H, 8:3%). Treatment of the ketone (0-5 g.) with acetic 
anhydride (15 c.c.) and pyridine (2 c.c.) at 37° for 2 days gave the acetate, which separated from 
ligroin in rectangular prisms, m. p. 82—83° (Found: C, 66-2; H, 7-9. C,,H,,0, requires C, 
66-2; H, 7-°9%). This derivative did not give a ferric chloride reaction. 

The sodium hydroxide extract on acidification gave a dark brown precipitate, consisting 
mainly of 4-hydroxy-2 : 6-diethoxy-3-methyl-n-butyrophenone (V; R= Et). This was ground 
with sodium carbonate solution (20 c.c.) and washed with water and then separated from 
warm dilute alcohol (charcoal) as an oil which gradually formed colourless elongated plates. 
Twice recrystallised from light petroleum (b. p. 60—80°), it was finally obtained in clusters of 
needles (0-25 g.), m. p. 68°, and did not give a ferric chloride reaction (Found : C, 67-3; H, 8:2%). 

5 : 7-Diethoxy-2 : 8-dimethyl-3-ethylchromone.—A mixture of 2-hydroxy-4 : 6-diethoxy-3- 
methyl-n-butyrophenone (1 g.), acetic anhydride (15 c.c.), and sodium acetate (2 g.) was main- 
tained at 230—240° for 16 hours and poured into water (150 c.c.). Two days later the product 
was isolated with ether and crystallised from ligroin, forming rosettes of short brown prisms. 
A solution of this material in warm alcohol (25 c.c.) was decolorised with charcoal and, after 
evaporation of the solvent, the residual chromone separated from light petroleum (b. p. 60—80°) 
in colourless pointed leaflets, m. p. 140—141° (Found: C, 70-5; H, 7-6. C,,H,.O,4 requires 
C, 70-3; H, 7-6%). The pale yellow solution of the compound in concentrated sulphuric acid 
exhibits a faint green fluorescence. 
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6-Methoxy-4-ethoxy-o-toluidine.—Methylation of 6-nitro-4-ethoxy-o-cresol (15 g.) with methyl 
sulphate and 15% aqueous potassium hydroxide gave the methyl ether (II), which crystallised 
from dilute alcohol in pale yellow needles (15 g.), m. p. 89—90° (Found: N, 6-9. C9H,;0,N 
requires N, 6-6%). This nitro-ether (15 g.) was reduced by boiling with sodium sulphide 
(35 g.) in 50% alcohol (200 c.c.) for 8 hours, and the resulting base (oil) converted into the 
sulphate (13-5 g.). The acetyl derivative separated from dilute alcohol in needles, m. p. 132— 
133° (Found : N, 6-5. C,.H,,;0,;N requires N, 6-3%). 

6-Methoxy-4-ethoxy-o-cresol (I11).—This phenol was prepared from the aforementioned 
amine by the method used in preparing methylphloroglucinol «-diethyl ether and separated 
as a hydrate from moist light petroleum in clusters of colourless needles, m. p. 52° (Found in 
material dried over phosphoric oxide in a vacuum desiccator: C, 59-8; H, 8-2. Cy 9H,4O3,H,O 
requires C, 60-0; H, 8-0%). A specimen sublimed in a vacuum at 100° had m. p. 59—60° 
(Found: C, 65-9; H, 7-7. Cy 9H,,O, requires C, 65-9; H, 7-7%). 

Condensation of 6-Methoxy-4-ethoxy-o-cresol and n-Butyronitrile-——The anhydrous phenol 
(6 g.) was condensed with »-butyronitrile (3-2 g.) in ether (100 c.c.) by means of zinc chloride 
(4 g.) and excess of hydrogen chloride and 48 hours later the resulting solid was hydrolysed by 
boiling with water (100 c.c.) for 1 hour. Next day the product was collected, extracted with 
1-5% aqueous sodium hydroxide (70 c.c.), washed with water, dried, and crystallised from 
light petroleum. Thus obtained, 2-hydroxy-4-methoxy-6-ethoxy-3-methyl-n-butyrophenone (IV) 
formed colourless, elongated, rectangular plates (4-1 g.), m. p. 114—115° (Found: C, 66-6; 
H, 8-0. C,,H, 90, requires C, 66-7; H, 79%). Treatment of this ketone with acetic anhydride 
and pyridine at 100° for 4 hours gave the acetate, which separated from light petroleum in rod- 
like prisms, m. p. 72—73° (ferric chloride reaction negative) (Found: C, 65:3; H, 7-6. 
C,,H,,0, requires C, 65-3; H, 7-5%). 

On acidification the dilute aqueous alkaline extract of the crude product deposited an oil 
which slowly crystallised. A solution of this material in 1% aqueous sodium hydroxide was 
filtered from a trace of the o-hydroxy-ketone and acidified with acetic acid, yielding 4-hydroxy- 
2-methoxy-6-ethoxy-3-methyl-n-butyrophenone (V, R = Me), which separated from light petroleum 
(b. p. 60—80°) in small colourless needles (0-3 g.), m. p. 59°, and did not give a ferric chloride 
reaction (Found: C, 66-2; H, 7-7%). 

7-Methoxy-5-ethoxy-2 : 8-dimethyl-3-ethylchromone (V1).—2-Hydroxy-4-methoxy-6-ethoxy-3- 
methyl-n-butyrophenone (1-4 g.) was heated with acetic anhydride (20 c.c.) and sodium acetate 
(4 g.) at 240—245° for 16 hours. On isolation with ether the chromone crystallised from dilute 
alcohol (charcoal) and then from ligroin in almost cclourless, fern-like clusters of needles, m. p. 
132—133° (Found : C, 69-5; H, 7-1. CygH.9O, requires C, 69-6; H, 7-3%). 

Aspidinol (V1I).—Hydrogen chloride was led into a mixture of methylphloroglucinol 
f-methyl ether (Herzig and Wenzel, Monatsh., 1902, 23, 100) (3-1 g.), -butyronitrile (2 c.c.), 
zinc chloride (1-5 g.), and ether (25 c.c.) for 8 hours. More ether (20 c.c.) was added and the 
product which had separated as a brown oil then crystallised in the course of 48 hours. It was 
washed with ether and boiled with water (150 c.c.) for 15 minutes and the resulting solid was 
triturated with 10% sodium carbonate solution (50 c.c.) for 9 hours. The insoluble crude 
aspidinol was collected, washed, dried, and crystallised from xylene and then from benzene, 
forming pale yellow, slender needles which in contact with the solvent quickly changed to 
elongated rectangular plates (2-9 g.), m. p. 143°; setting point, 139—140°. Further purific- 
ation of the ketone, e.g., by recrystallisation from dilute alcohol and then 8 times from benzene, 
followed by fractional sublimation in a high vacuum (oil-bath at 210°), failed to raise the m. p.; 
on sublimation it formed lustrous yellow plates. The diacetate, obtained by heating aspidinol 
(0-4 g.) with acetic anhydride (5 c.c.) and pyridine (2 c.c.) on the steam-bath for 1 hour, 
separated from ligroin in elongated prisms, m. p. 68° (Found: C, 62-5; H, 6-6. C,gH.,O, 
requires C, 62:3; H, 6-5%). 

Ethylation of synthetic aspidinol (1 g.) with ethyl iodide (2 c.c.) and potassium carbonate 
(2 g.) in boiling acetone (25 c.c.) during 5 hours gave 2-hydroxy-4-methoxy-6-ethoxy-3-methy]- 
n-butyrophenone (IV), which separated from light petroleum (b. p. 60—80°) in elongated 
rectangular plates, m. p. 114°, identical in every way with an authentic specimen (Found : 
C, 66-4; H, 8-0%). 

Natural Aspidinol.—Specimen (A) (see p. 820), which partly melted at 138°, was recrystal- 
lised from benzene and on heating became semi-solid at 140—141° and finally melted at 156°. 
Mixed with pure synthetic material, it behaved in the same manner. Specimen (B), m. p. 
138—140°, had m. p. 142° after crystallisation from benzene and was identical in every way 
with a synthetic specimen. Specimen (C) had m. p. 132—135° and appeared to be mainly 
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aspidinol. The natural and the synthetic specimens had identical ferric chloride reactions— 
addition of 1 or 2 drops of 2-5% aqueous ferric chloride to an alcoholic solution of the ketone gave 
a dark green coloration which changed to brownish-violet on dilution with water. 

Ethylation of (B) or (C) as in the case of the synthetic material gave rise to the ethyl ether, 
m. p. and mixed m. p. 114°; on cooling, the mixed melt solidified, and this solid again melted 
at the same temperature. 

Acetylation of (A) gave an acetate which, once recrystallised, had m. p. 56°, but lack of 
material prevented further purification. Mixed with synthetic diacetate, it melted at 58—60°. 

2-Hydroxy-4 : 6-dimethoxy-3-methyl-n-butyrophenone.—In the preparation of C-methyl- 
phloro-n-butyrophenone improved yields were obtained when the solution of the crude ketimine 
(from 6 g. of methylphloroglucinol and 5 g. of n-butyronitrile) in water (300 c.c.) was neutralised 
with aqueous ammonia (d 0-880) and heated on the steam-bath for 1-5 hours (compare Karrer, 
Helv. Chim. Acta, 1919, 2, 466). Yield of hydrate, 5-9 g. 

(1) Methylation of C-methylphloro-n-butyrophenone (2 g.) with methyl iodide (4 c.c.) and 
potassium carbonate (4 g.) in boiling acetone (30 c.c.) during 5 hours gave the ketone, which 
separated from ligroin or alcohol in colourless slender needles, m. p. 111—112° (Found: 
C, 65-3; H, 7-7. C,3;H gO, requires C, 65-5; H, 7-6%). With alcoholic ferric chloride this 
compound gives a red-brown coloration. The acetate crystallised from ligroin in thick rect- 
angular prisms, m. p. 61—62° (Found: C, 64:3; H, 7-4. C, 3H »O, requires C, 64-0; H, 7-1%). 

(2) A mixture of phloro-n-butyrophenone (Robertson and co-workers, J., 1931, 1252) 
(8 g.), methyl iodide (20 c.c.), potassium carbonate (20 g.), and acetone (60 c.c.) was heated 
on the water-bath for 8 hours, and on crystallisation from alcohol the product formed slender 
needles, m. p. and mixed m. p. 111—112°; acetate, m. p. and mixed m. p. 61—62°. 

5 : 7-Dimethoxy-2 : 8-dimethyl-3-ethylchromone.—Treatment of the foregoing ketone (2-5 g.) 
with acetic anhydride (25 c.c.) and sodium acetate (3 g.) at 200—210° for 16 hours gave the 
chromone, which separated from alcohol (charcoal) and then from light petroleum (b. p. 80— 
100°) in colourless rectangular plates, m. p. 171—172° (Found: C, 68-4; H, 6-8. C,5H 4,0, 
requires C, 68-7; H, 69%). The pale yellow solution of the compound in concentrated sul-: 
phuric acid has a faint green fluorescence. 

Methylation of C-Methylphloro-n-butyrophenone with Diazomethane.—A solution of the 
anhydrous ketone (3-5 g.) was treated at 0° with ethereal diazomethane (from 4-2 c.c. of nitroso- 
methylurethane), added in 6 portions, and next day the product was triturated with 10% sodium 
carbonate solution, washed, and dissolved in hot 50% alcohol. On cooling, the solution 
deposited 2-hydroxy-4 : 6-dimethoxy-3-methyl-n-butyrophenone in colourless needles, m. p. and 
mixed m. p. 111—112° after recrystallisation [Found : OMe, 25-6. Calc. for C,,H,,0,(OMe), : 
OMe, 26-1%]. 

Addition of water to the alcoholic mother-liquor precipitated aspidinol, m. p. 130—135° 
after crystallisation from xylene. Repeated crystallisation from benzene, followed by sublim- 
ation in a high vacuum, finally gave this ketone in yellow plates, m. p. 142°, identical in 
every way with an authentic specimen [Found: C, 64:2; H, 7:3; OMe, 13-0. Calc. for 
C,,H4303;(OMe): C, 64:3; H, 7-1; OMe, 13-8%]. 


The authors are indebted to the Chemical Society and to the Dixon Fund of London 
University for research grants. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. (Received, April 8th, 1933.] 





201. Mercury Derivatives of Camphor. Part I. The Constitution of 
Reychler’s Acid. 


By James D. Loupon. 


THE sulpho-group of Reychler’s camphorsulphonic acid has been assigned position 6 or 
10 in the camphor nucleus. The evidence for the former rests upon the properties of 
‘““8”’-bromocamphor obtained by thermal decomposition of the sulphonyl bromide and 
given the constitution (I) (Armstrong and Lowry, J., 1902, 81, 1449; Forster, ibid., 
p. 264; compare Burgess and Lowry, J., 1925, 127, 271), whilst in support of the latter, 





824 Loudon: Mercury Derivatives of Camphor. Pari I. 


Wedekind, Schenk, and Stiisser (Ber., 1923, 56, 633) have shown that the chlorosulphoxide 
resulting from the action of pyridine on the sulphonyl chloride must have the structure (II). 
« CH; Cli——C=S=0 
BrCH—C——CO CH,—¢——Co 
) | CHy¢-CH, | | CHyC-CH,| 
CH,—CH—CH, CH,—CH—-CH, 


In adopting these two compounds as criteria for the constitution of Reychler’s acid, it 
has never been conclusively demonstrated that their formation from the parent acid is 
free from intramolecular change, for Wedekind, Schenk, and Stiisser (/oc. cit.) were unable 
to characterise the reduction product of (II), and although Lipp and Lausberg (Annalen, 
1924, 436, 274) concluded that the bromine in (I) occupies the 10-position, their 
evidence depends on the validity of formulating the ‘“ dibromide ’”’ from camphene as 
2 : 10-dibromocamphane. 


R°SO,Cl_ ———— _ R-‘SO,H (111.) ————> R°HgCl (IVv.) 


| | el Fg a 
R-HgBr (v1.) R-Hgl 
(IT) > RSH vit.) | | 


] RBr <\ > RI 





Y 
(VII.) RSCN <—— R°'Hg'R (V-) 
R = camphor-10-radical. 








It has now been found that mercury derivatives of camphor may be prepared from the 
sulphinic acids by the method devised by Peters in the aromatic series (Ber., 1906, 39, 
3626), and the opportunity has been taken here to re-examine the constitutional relation- 


ships of the compounds mentioned above. Thus, as the diagram shows, the sulphinic acid 
(III) derived from Reychler’s acid was converted into the mercurated camphors (IV) and 
(V), each of which on bromination yielded “ 8 ’-bromocamphor with intermediate form- 
ation of (VI). Iodination followed a similar course. Proof that the halogen occupies the 
same position as the original sulphur was obtained from the action of thiocyanogen on (V). 
Séderback (Annalen, 1919, 419, 266) has shown that with diphenylmercury the products 
are phenyl mercurithiocyanate and phenyl thiocyanate; in the present case, without any 
attempt to isolate (VII), the product was reduced directly to the thiol (VIII) identical 
with that obtained from (III) (Drummond and Gibson, J., 1926, 3073). The same thiol 
resulted from the reduction of (II), thus establishing the constitutional similarity of the 
various compounds and, in conjunction with the oxidation of (II) to ketopinic acid (Wede- 
kind, Schenk, and Stiisser, Joc. cit.), also fixing position 10 in the camphor nucleus as the 
seat of substitution. 

The misleading properties of “‘ 8”’-bromocamphor must, therefore, be attributed to 
the peculiar position of the bromine atom in the molecule. 


EXPERIMENTAL. 


Camphor-10-sulphinic acid was prepared either by the method of Hilditch (J., 1910, 97, 
1096) or by the more general procedure described by Krishna and Singh (J. Amer. Chem. Soc., 
1928, 50, 792). In each case the product was an oil difficult to crystallise but directly applic- 
able without disadvantage to the preparation of the mercury derivatives. 

Camphor-10-mercurichloride—Camphor-10-sulphinic acid (1 mol.) was heated for 4—5 hours 
with an alcoholic solution of mercuric chloride (2 mols.). The product was poured into water 
and after 12 hours the precipitate was collected, washed with alcohol, and extracted with hot 
chloroform. Concentration of the extract yielded camphor-10-mercurichloride contaminated 
with mercury salts, and a residue consisting of a variable quantity of oil containing some 
unchanged sulphinic acid and some disulphoxide. The mercurichloride was crystallised twice 
from alcohol to which a little chloroform had been added; m. p. 166°, [«]}§;, — 62-4° (c = 10-32 
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in pyridine) (Found: Hg, 52-0; Cl, 9-0. C,,H,,OCIHg requires Hg, 51-8; Cl, 9-2%). The 
compound is slightly soluble in cold sodium hydroxide solution, is stable towards inorganic 
sulphides and cold dilute acids, but is decomposed by concentrated sulphuric acid. 

Biscamphor-10-mercury.—The mercurichloride (12 g.), dissolved in hot acetone, was added 
to water (150 c.c.), and the suspension treated with alkaline stannous chloride (from 10 g. of 
sodium hydroxide, 8 g. of stannous chloride, and 200 c.c. of water). The mixture was stirred for 
2 hours, and the solid was then collected and extracted with boiling acetone. On careful dilution 
with water and subsequent cooling, the product separated in crystalline form, m. p. 255—256° ; 
[x]#§5. — 80-87° (c = 10-14 in pyridine) (Found: Hg, 40-0. C,j,H3,0,Hg requires Hg, 39-9%). 
When it was heated in alcoholic solution with mercuric halides (mol. proportions), the correspond- 
ing camphor mercurihalides resulted. 

Camphor-10-mercuribromide, also prepared by the direct action of mercuric bromide on the 
sulphinic acid (compare above), had m. p. 156° (Found: Br, 18-5. C, 9H,;OBrHg requires Br, 
18-5%). Camphor-10-mercuri-iodide had m. p. 146° (Found: I, 26-4. C,9H,,OIHg requires 
I, 26-5%). The same compounds were formed together with the corresponding halogenated 
camphors (compare below) during bromination and iodination of biscamphor-10-mercury. 

10-Bromocamphor (8-Bromocamphor).—Camphor-10-mercurichloride, suspended in an 
aqueous solution of bromine in potassium bromide, was shaken at 60° for 10 minutes. The 
resulting mixture was extracted with chloroform, and the extract washed with aqueous solutions 
of potassium sulphite and potassium carbonate, dried over calcium chloride, and concentrated. 
The crystalline product was recrystallised from alcohol; m.p.77°; oxime, m. p. 156°, in accord- 
ance with the literature values. When the same reaction was conducted at the ordinary tem- 
perature, only camphor-10-mercuribromide resulted. 

10-Iodocamphor was prepared by heating the mercurichloride (1 mol.) with iodine (14 mols.) 
in benzene for 1 hour. The liquid was washed with potassium sulphite and carbonate solutions 
and, after drying, removal of the solvent yielded a crystalline product which was recrystallised 
from alcohol; m. p. 75° (Found: I, 45-6. C, 9H,,OI requires I, 45-7%). When the reaction 
was Carried out in potassium iodide solution, the results were analogous to those in bromination,, 
but the iodocamphor was less readily purified. 

10-Jodocamphoroxime was prepared by the usual procedure and crystallised from alcohol; 
m. p. 158° (Found: I, 43-1. Cy gH,,ONI requires I, 43-3%). 

Camphor-10-thiol.—(1) Biscamphor-10-mercury (5 g.) was kept for a week at room temper- 
ature with 40 c.c. of N-thiocyanogen in chloroform. After removal of the yellow precipitate, 
the filtrate was evaporated and the residual oil was dissolved in alcohol and reduced with zinc 
and hydrochloric acid for 1 hour. Thereafter the mixture was steam-distilled, the solid which 
collected in the receiver was shaken with sodium hydroxide, and after filtering from camphor 
(formed by reduction of camphor mercurithiocyanate) the thiol was precipitated with sulphuric 
acid. Crystallised from aqueous alcohol, the product had m. p. 66° (unaffected by admixture 
with an authentic specimen), gave the characteristic coloration (extracted by benzene) on treat- 
ment with aqueous-alcoholic nickel acetate (Drummond and Gibson, /oc. cit.), and on titration 
with iodine yielded the disulphide, m. p. and mixed m. p. 225° (Lowry and Donnington, J., 
1903, 83, 479, give m. p. 224°). (2) 10-Chlorocamphor sulphoxide, prepared and purified as 
described by Wedekind, Schenk, and Stiisser (Joc. cit.), was similarly reduced. Steam distill- 
ation yielded the same thiol, m. p. 65—66° after crystallisation; disulphide, m. p. 224°; nickel 
acetate test was positive. 


The author acknowledges with gratitude his indebtedness to Professor T. S. Patterson and 
Dr. D. T. Gibson for their interest in this work, and to the latter also for the gift of a specimen of 
camphor-10-thiol. 

UNIVERSITY OF GLASGOW. [Received, May 11th, 1933.] 





202. The Four Dinitrodimethyl-p-anisidines. 
By HERBERT H. Hopcson and J. HAROLD CROOK. 


2:6- and 3: 5-Dinitrodimethyl-p-anisidine are easily obtained by direct dinitration of 
dimethyl-f-anisidine in concentrated and in moderately dilute sulphuric acid respectively. 
The former has been synthesised from 2 : 6-dinitro-p-anisidine, and the latter from 4-ch/oro- 
3 : 5-dinitroanisole. 
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2 : 5-Dinitrodimethyl-p-anisidine is produced by the action of nitrous acid on 2-nitro- 
dimethyl-f-anisidine and by the dimethylation of 2 : 5-dinitro-p-anisidine. 

2: 3- and 2: 5-Dinitrodimethyl-f-anisidine are formed in the ratio of about 4:1 during 
the nitration of 3-nitrodimethyl-f-anisidine in concentrated sulphuric acid. Theconstitution 
of the former follows from its reduction to 2 : 3-diaminodimethyl-p-anisidine, which is then 
condensed with benzil. 

Solutions of all four dinitro-compounds in hydrochloric acid, light petroleum, carbon 
tetrachloride, and non-ionising solvents generally, are yellow, whereas those in alcohol and 
in phenol are deep red. The dinitro-compounds do not form picrates (contrast the mono- 
nitrodimethyl-p-anisidines ; Hodgson and Crook, J., 1932, 1814). 

When 3 : 5-dinitrodimethyl-p-anisidine is heated with a mixture of dilute nitric acid and 
sodium nitrite, or when 3-nitrodimethyl-f-anisidine is too violently nitrated, one methyl 
group is expelled and colourless 3 : 5-dinitro-N-nitrosomethyl-p-anisidine is formed. Re- 
moval of the nitroso-group from this compound gives 3 : 5-dinitromonomethyl-p-anisidine, 
which has also been prepared by the action of methylamine on 4-chloro-3 : 5-dinitroanisole. 


















EXPERIMENTAL. 


2 : 3-Dinitrodimethyl-p-anisidine.—3-Nitrodimethyl-p-anisidine (5 g.), dissolved in concen- 
trated sulphuric acid (20 c.c.), was nitrated with a mixture of 5 c.c. of nitric acid (d 1-5) and 
15 c.c. of concentrated sulphuric acid at 0—5°; after 10 minutes, the whole was poured on ice, 
the resulting solution just neutralised with aqueous sodium hydroxide, and the precipitate 
(4 g., mainly 2: 3-dinitrodimethyl-p-anisidine) immediately filtered off, washed, dissolved in 
concentrated hydrochloric acid, and fractionally precipitated with water. The earlier fractions, 
consisting of the 2 : 3-dinitro-compound, crystallised from carbon tetrachloride in long, slender, 
scarlet parallelepipeds, m. p. 130° (Found: N, 17-6. C,H,,O;N, requires N, 17-4%), almost 
insoluble in cold water and sparingly soluble in hot water and in light petroleum. 

The filtrate from the neutralised nitration mixture slowly deposited 2 : 5-dinilrodimethyl- 
p-anisidine (1 g.), which crystallised from alcohol in very deep red plates, m. p. and mixed m. p. 
with an authentic specimen (below) 137° (Found : N, 17-5%). 

5-Dimethylamino-8-methoxy-2 : 3-diphenylquinoxaline—2 : 3-Dinitrodimethyl-p-anisidine 
(0-5 g.) was dissolved in acetic acid (6 c.c.) and heated with zinc (1 g.) and concentrated hydro- 
chloric acid (1 c.c.) for 15 minutes on the water-bath, and the filtered solution was then similarly 
heated for 3 hours with benzil (0-5 g.) in acetic acid (6 c.c.). The product was precipitated by 
water, redissolved in concentrated hydrochloric acid to remove benzil, reprecipitated by 
water, and crystallised from aqueous alcohol, giving pale yellow needles, m. p. 233° (decomp.) 
(Found: C, 77-5; H, 5-6; N, 12-0. C,3H,,ON; requires C, 77-7; H, 5-9; N, 11-8%). 

2 : 5-Dinitrodi:methyl-p-anisidine.—(a) A solution of 2-nitrodimethyl-p-anisidine (5 g.) in 
concentrated sulphuric acid (5 c.c.) and water (15 c.c.) was treated with one of nitric acid (10 c.c. ; 
d 1-4) and water (15 c.c.) at room temperature (the reaction being very slow between 0° and 
15°), the mixture, after being kept for 15 minutes at 20°, was made alkaline with aqueous sodium 
hydroxide, and the precipitate of the 2: 5-dinitro-compound was washed and crystallised 
thrice from alcohol, giving large, very deep red plates with a greenish lustre, m. p. 137° 
(Found: N, 17-5%). This compound is more soluble in hot water and dilute acids than the 
2 : 3-isomeride. 

(b) 2-Nitrodimethyl-p-anisidine (5 g.) was nitrated with nitrous acid (Hodgson and Kershaw, 
J., 1930, 279), the yield of 2 : 5-dinitrodimethyl-p-anisidine being practically quantitative. 

(c) 2: 5-Dinitro-p-anisidine (5 g.) and methyl sulphate (20 c.c.) were heated at 160—165° for 
15 minutes, the mixture cooled and made alkaline with aqueous sodium hydroxide, and the 
precipitate of 2 : 5-dinitrodimethyl-p-anisidine washed and crystallised from alcohol; deep red 
plates, m. p. and mixed m. p.’s with the products from (a) and (b) 137° (Found: N, 17-5%). 

2 : 6-Dinitrodimethyl-p-anisidine.—(a) Dimethyl-p-anisidine (4 g.), dissolved in concen- 
trated sulphuric acid (20 c.c.), was treated gradually with nitric acid (2-2 c.c.; d 1-5) in concen- 
trated sulphuric acid (20 c.c.) at 0O—5°, the mixture being immediately poured on ice and made 
alkaline with sodium hydroxide, and the precipitated 2 : 6-dinitro-derivative (6 g.) washed and 
crystallised from alcohol; long yellow needles, m. p. 151°, were obtained (Found: N, 17:5. 
C,H,,0,;N, requires N, 17-4%). 

(6) Better than Meldola and Stevens’s method (J., 1905, 87, 1204) of preparing 2 : 6-dinitro- 
p-anisidine is the initial preparation of 2 : 6-dinitro-p-acetamidoanisole (Reverdin and Bucky, 
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Ber., 1906, 39, 2690) and its subsequent hydrolysis. The anisidine, dimethylated as in (c) above, 
gave long yellow needles, m. p. and mixed m. p. with the product from (a) 151° (Found: N, 
17-6%). 

3 : 5-Dinitrodimethyl-p-anisidine.—(a) Dimethyl-p-anisidine (1-5 g.), dissolved in concen- 
trated sulphuric acid (7 c.c.) and water (15 c.c.), was treated gradually at 0—5° with nitric acid 
(5 c.c.; d 1-4) in water (10 c.c.); the mixture was kept for 30 minutes in ice-water and then 
allowed to attain room temperature slowly. The precipitate (1-5 g.) which separated was 
steam-distilled ; 3 : 5-dinitrodimethyl-p-anisidine (0-5 g.), which passed over, crystallised from 
alcohol in very long, orange-yellow needles, m. p. 90° (Found : N, 17-5. C,H,,0,N, requires N, 
17-4%). The flask liquor, on cooling, deposited non-steam-volatile 3 : 5-dinitro-N-nitroso- 
methyl-p-anisidine (0-3 g.), which crystallised from water, alcohol, carbon tetrachloride, or light 
petroleum in almost colourless needles, m. p. 113° (Found: N, 22-1. C,H,O,N, requires N, 
21-9%), and gave Liebermann’s nitrosoamine reaction (green ——> red ——> blue). 

When the nitration was carried out in a more concentrated mixed acid, or when the temper- 
ature was allowed to rise, the reaction became violent and only the N-nitroso-compound was 
formed. 

(b) 3: 5-Dinitro-p-toluenesulphonyl-p-anisidine (Reverdin, Ber., 1909, 42, 1524) was hydro- 
lysed by treatment with concentrated sulphuric acid at 30°, and the product isolated and con- 
verted by the Sandmeyer reaction into 4-chloro-3 : 5-dinitroanisole, which crystallised from 
alcohol in pale yellow, hexagonal plates, m. p. 123° (Found: N, 12-2; Cl, 15-1. C,H,;0,;N,Cl 
requires N, 12-0; Cl, 15:3%). This product (4 g.) was refluxed for 4 hours on the water-bath 
with dimethylamine (5 g.) in alcohol (20 c.c.); 3: 5-dinitrodimethyl-p-anisidine, isolated by 
steam distillation, crystallised from alcohol in long orange-yellow needles, m. p. and mixed m. p. 
with (a) 90° (Found: N, 17-6%). 

Removal of the Nitroso-group from 3: 5-Dinitro-N-nitrosomethyl-p-anisidine.—This was 
effected by treatment with urea and sulphuric acid (Macmillan and Reade, J., 1929, 586); the 
3 : 5-dinitromonomethyl-p-anisidine formed was slowly volatile in steam, and crystallised from 
alcohol in brilliant crimson needles, m. p. 130° (Found: N, 18-7. C,H,O;N, requires N, 18-5%),- 
identical with a synthetic preparation obtained by refluxing together for 4 hours on the water- 
bath a mixture of 4-chloro-3 : 5-dinitroanisole (4 g.), methylamine hydrochloride (6 g.), and 
sodium acetate (5 g.), cooling the mixture, precipitating the product with water, dissolving the 
amine portion thereof in concentrated hydrochloric acid, reprecipitating it from the filtered 
solution by water, and crystallising it as described above (Found: N, 18-6%). 


The authors thank Imperial Chemical Industries, Ltd., for various gifts. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, May 18th, 1933.] 





203. The Reformatsky Reaction with Anisil. 
By J. W. Cook and W. Lawson. 


THE experiments here described were commenced with the object of synthesising com- 
pounds related to cestrin, by a modification and amplification of the chrysene synthesis 
of v. Braun and Irmisch (Ber., 1931, 64, 2461). In consequence of the statements of 
Ramage and Robinson (Nature, 1933, 131, 205) and of Vogel (cbzd., p. 402) that they are 
themselves utilising the same method we have discontinued our experiments, but wish 
to place on record the results which we have obtained. 

Reduction of methyl #-methoxycinnamate (compare Oommen and Vogel, J., 1930, 
2150) gave unpromising results on account of the large proportion of material converted 
into methyl @-anisylpropionate, although we obtained a small yield of a methyl 88’-dianisyl- 
adipate, m. p. 152°. 

An alternative route to 8§’-dianisyladipic acid seemed to be provided by the Refor- 
matsky reaction with anisil. This led to an ethyl 88’-dihydroxy-6p'-dianisyladipate (I), 
which, on reduction by the Clemmensen method, was converted into two acidic products. 
The major product gave analytical figures which showed that one carboxyl group had been 
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lost (formula II), whereas the other product gave figures in agreement with a B8’-dianisyl- 
adipic acid (III) :— 


X-C(OH)*CH,*CO, Et X-CH-CH,CO,H = -X-CH-CH,CO,H = XC HCH,"CO,H 
X-C(OH)*CH,*CO,Et X-CH:CH, X:CH:CH,CO,H = XCH, 
(I.) (II.) (III.) (IV.) 
(X = MeO-C,H,) 


These structures are not established, as the Clemmensen reductions may have been 
accompanied by pinacolin rearrangements. 

In addition to the crystalline product mentioned above, the Reformatsky reaction 
gave a considerable amount of a viscous resin which was converted by Clemmensen re- 
duction into a crystalline acid, and the analytical figures showed that only one carbonyl 
group of the anisil had condensed with ethyl bromoacetate, the crystalline acid being 
probably represented, therefore, by formula (IV). 


EXPERIMENTAL. 


A mixture of anisil (35-5 g.), ethyl bromoacetate (61 g.), dry benzene (110 g.), and zinc filings 
(25-5 g.) was heated on the water-bath for 2 hours, iodine being used for activation. The pro- 
duct was poured on ice, the benzene layer thrice washed with dilute sulphuric acid and dried 
(sodium sulphate) and the benzene removed in a vacuum. Addition of alcohol to the residual 
syrup caused crystallisation of ethyl 88’-dihydroxy-BB’-dianisyladipate (I) (8-5 g.); colourless 
needles, m. p. 153—154°, from benzene-alcohol (Found: C, 64:6; H, 6-9. C,.gH 90, requires 
C, 64-55; H, 68%). 

The alcoholic mother-liquor was evaporated, the residual syrup reduced by amalgamated 
zinc and concentrated hydrochloric acid, the resinous product extracted with dilute sodium 
carbonate solution, the extract acidified, and the precipitate recrystallised from alcohol. The 
resulting acid (probably IV) (11 g.), recrystallised from benzene and then from alcohol, formed 
a colourless crystalline powder, m. p. 167—168° (Found: C, 72-3; H, 6-7. C,gH,»O, requires 
C, 72-0; H, 67%). The methyl ester (methyl alcohol—hydrogen chloride method) crystallised 
from cyclohexane in colourless needles, m. p. 63—64° (Found: C, 72-7; H, 7-1; OMe, 30-0; 
M, Rast method, 300, 309. C,,H,.O, requires C, 72-6; H, 7-1; OMe, 296%; M, 314). 

Clemmensen Reduction of Ethyl B8’-Dihydroxy-B8’-dianisyladipale-—A suspension of the 
ester (I) (5 g.) in concentrated hydrochloric acid (50 c.c.) was boiled with amalgamated zinc 
(15 g.) for 24 hours. The acidic product extracted by aqueous sodium carbonate and repre- 
cipitated by hydrochloric acid (2-9 g.) was separated into two components by crystallisation 
from benzene. The fraction which first crystallised (0-6 g.) was recrystallised from xylene and 
formed colourless needles, m. p. 248—249° (Found: C, 67-4; H, 5-7. Cy9H,.,0, requires C, 
67-0; H, 6-2%). The methyl ester of this acid (III or isomeride) separated from methyl alcohol 
as a colourless crystalline powder, m. p. 108—109° (Found: C, 68-7; H, 6-4; OMe, 32-0; M, 
326, 346. C,,H,,O, requires C, 68-4; H, 6-8; OMe, 32-1%; M, 386). 

The benzene liquor from the above acid was concentrated to small bulk, and the product 
(1-6 g.; m. p. 135—142°) recrystallised from benzene and then esterified with methyl alcohol 
and hydrogen chloride. The methyl ester crystallised from methyl alcohol in colourless needles, 
m. p. 99—100° (Found: C, 73-4; H, 7-55; OMe, 28-1; M, 287, 304. C, 9H,.,O, requires C, 
73-1; H, 7-4; OMe, 28-39%; M, 328). The acid (II or isomeride) formed by hydrolysis of the 
pure ester separated from benzene-—cyclohexane in small colourless prisms, m. p. 160-5—161-5° 
(Found: C, 72:2; H, 7-3. CygH,..O, requires C, 72-6; H, 7-1%). 

All the analyses were made by Dr. A. Schoeller. 

THE RESEARCH INSTITUTE OF THE CANCER HosPITAL (FREE), Lonpon, S.W. 3. 
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204. Studies in Electrolytic Oxidation. Part III. The Formation of 
Dithionate by the Electrolytic Oxidation of Potassium Sulphite. 


By S. GLAssTONE and A. HICKLING. 


THE anodic oxidation of sulphite to dithionate at a platinum anode has been studied by 
Foerster and Friessner (Ber., 1902, 35, 2515), Friessner (Z. Elektrochem., 1904, 10, 265), 
and Essin (ibid., 1928, 34, 78), but the results obtained cannot be regarded as satisfactory. 
Owing to the difficulty of estimating dithionate directly, these authors assumed that 
sulphate was the only other product of the anodic oxidation, which was supposed to take 
place with theoretical efficiency ; it has been found in the course of the present work that 
this assumption may lead to serious errors, and many of the conclusions reached are 
thereby invalidated. In general, it appeared from previous work that the yield of dithion- 
ate depended on the previous anodic or cathodic treatment of the electrode, and on the 
acidity of the electrolyte; since both these factors affect the stability of hydrogen per- 
oxide, it was considered possible that a further investigation of the oxidation of sulphite 
would provide confirmatory evidence for the theory of electrolytic oxidation already 
proposed (J., 1932, 2345, 2800). By the use of buffer solutions, ‘ controlled ” anodes, 
and a rapid method for the analysis of mixtures of sulphite and dithionate, reliable in- 
formation has now been obtained which appears to be in excellent agreement with this 
theory. 
EXPERIMENTAL. 


The general experimental procedure was the same as described in Part I of this series (J., 
1932, 2345). On account of the difficulty of preparing and keeping pure sodium sulphite (see 
Shenefield, Vilbrandt, and Withrow, Chem. and Met. Eng., 1921, 25, 953), potassium pyro- , 
sulphite was used as the source of sulphite ions. This compound can readily be obtained in 
the pure state and is quite stable (Foerster, Brosche, and Norberg-Schulz, Z. physikal. Chem., 
1924, 110, 476). The composition of the sample used corresponded to the formula K,S,0,;,%H,O. 
In making up the electrolyte, the calculated quantity of this substance was weighed out, dis- 
solved in the buffer solution to be used, and the calculated amount of potassium hydroxide 
required to convert the pyrosulphite into the normal sulphite added, the solution then being 
stored under nitrogen. In order to prevent oxidation of the sulphite by air during the electro- 
lysis, the porous pot was covered with a loose-fitting, waxed cardboard lid, and a stream of 
nitrogen (previously washed with a sample of the solution) bubbled through the anolyte. 

Unless otherwise stated, a smooth cylindrical platinum anode, of area about 55 sq. cm., 
mounted vertically and rotated at a speed of about 550 r.p.m., was employed as before. In 
general, the initial oxygen content of the electrode was controlled as described in Part I; it 
was then immersed in the sulphite solution and rotated for 30 min. while nitrogen was passed 
to displace air from the anode chamber before the electrolysis was started. In certain cases 
the anode was polarised anodically or cathodically before use; when this was done, the electrode 
was used immediately, the preliminary passage of nitrogen being omitted. After passage of 
a quantity of electricity which should theoretically have been sufficient to oxidise the whole 
of the sulphite in the anode compartment to dithionate, the anolyte was analysed by the method 
previously worked out (this vol., p. 5). From the results of the analysis, the amount of sulphite 
oxidised and the amount converted into dithionate were calculated, the usual correction for 
loss of liquid from the porous pot being made. 

All experiments were carried out at room temperature (about 18°), and anodic potential 
measurements are recorded on the hydrogen scale. 


Results. 


Effect of Previous Electrode Treatment.—Friessner (loc. cit.) recorded that previous anodic 
polarisation of the platinum electrode increased, whereas cathodic polarisation decreased, the 
amount of dithionate produced in the electrolytic oxidation of sulphite. To confirm this 
conclusion, a 0-025M-sulphite solution in phosphate py 7 buffer was electrolysed at 0-05 amp., 
the Pt electrode being (a) controlled in the normal manner, (b) first made an anode at 0-25 
amp. for 30 min. in the pq 7 buffer solution, and (c) first subjected to similar cathodic polar- 
isation. The results obtained are given in Table I. 
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TABLE I, 
Influence of Previous Treatment of Electrode on Oxidation of Sulphite. 
Electrode treatment (c) 
SO,” oxidised, °/, 60 
SO,” converted into S,0,”, % 12 
These values are in general harmony with those of Friessner (loc. cit.), who attributed the 
increased yield of dithionate with an anodically polarised electrode to the higher potential 
observed during electrolysis ; although the potentials found in the present work are undoubtedly 
higher than those for a controlled electrode, this cannot be the cause of the increased pro- 
duction of dithionate, since a high potential can be brought about in other ways, e.g., by the 
addition of manganous sulphate (vide infra), which result in a decreased oxidation efficiency. 
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Variation of Current Strength.—In order to determine the influence of current strength on 
the yields and anode potentials, a series of observations was made with a 0-025M-sulphite 
solution in phosphate py 7 buffer, currents of 0-01, 0-05, 0-10, 0-15, and 0-20 amp. being used 
with the controlled anode. The anode potential-time curves are shown in Fig. 14, and the 
results of the analyses in Table II. 

TABLE II. 


Current Efficiency for the Oxidation of 0°025M-Sulphite. 
Controlled electrode. Polarised electrode. 


~™ 








I Bi siinstissinsrvcivinasuini ; 015 O10 005 O01 0-20 010 0°05 


SO,” oxidised, % 64 64 62 83 72 69 71 
36 34 33 


SO,” converted into $,0,, % 26 24 22 17 

It is to be noted that the amount of dithionate formed increases slightly with increasing current 
strength; this is due mainly to the increased ease of polarisation of the platinum anode at 
the higher currents, since, if the electrode is initially polarised anodically, the amount of dithion- 
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ate scarcely varies with current. The results obtained with an electrode previously anodically 
polarised are included in Table II for comparison. 

Examination of the anode potential—time curves shows that at the lower currents the 
potential remains throughout the electrolysis at a value below 1 volt, corresponding to the 
first stage observed in the oxidation of thiosulphate (Part I). When high current strengths 
are employed, however, there is a drift to a second potential stage, probably because oxygen 
accumulates faster than it can be used. In order to determine if the break in the potential 
curve corresponded to any change in the rate of formation of dithionate, the 0-025M-sulphite 
solution in phosphate py 7 buffer was electrolysed at 0-15 amp., and the solution analysed after 
the passage of 50, 100, 150, 200, and 241 coulombs respectively. The results are recorded in 
Fig. 1s, and show no marked discontinuity in the formation of dithionate as the electrolysis 
proceeded in spite of the change of potential. The apparent deviation from the curves in the 
sulphite oxidised after the passage of 100 coulombs and in the dithionate formed after 200 
coulombs are within the limits of experimental error; the oxidation efficiency as already 
indicated is very sensitive to the condition of the electrode. 

Variation of Initial Concentration of Sulphite.—The effect of varying the initial concen- 
tration of sulphite was investigated, a constant current of 0-20 amp. and sulphite concentra- 
tions of 0-025, 0-05, 0-075, 0-10, and 0-20M being used; the results obtained are given in Table 
III. The potential-time curves showed that by increasing the initial sulphite concentration 
the rise to the second potential stage (cf. Fig. 1) could be delayed. 


TABLE III. 


Variation of Current Efficiency with Initial Sulphite Concentration. 
Controlled electrode. Polarised electrode. 


Initial concn., M ): 005 0075 010 0°20 “0025 0710 0-20 
SO,” oxidised, °% ; 69 ~=68 65 65 72 68 66 
SO,” converted into S,O0,, % 36 39 33 29 36 37 37 





In order to determine if the decreased yield of dithionate at the higher concentrations of sulphite 
was related to the delayed polarisation, some experiments were performed with an electrode 
which before use had been anodically polarised; the results, included in Table III, imply that 
change of sulphite concentrations itself has no important effect on the yield of dithionate. 

Effect of Catalysts for Hydrogen Peroxide Decomposition.—In the work on the electrolysis 
of thiosulphate (Part I), it was found that catalysts for the decomposition of hydrogen peroxide 
had a very pronounced influence on the oxidation efficiency, and it was of interest to discover 
if a similar phenomenon could be observed in the sulphite oxidation. The choice of catalysts 
is here limited, since many higher oxides, e.g., those of manganese, lead, and cobalt, them- 
selves oxidise the sulphite, whereas cupric and lead salts are completely precipitated by the 
phosphate buffer; only manganous, cobaltous, and ferrous sulphates and finely divided silver 
were used in the present work. The oxidation efficiencies in the presence of each of these 
substances for the electrolysis of 0-025M-sulphite in phosphate buffer py 7 at 0-05 amp. with 
an anodically polarised electrode are given in Table IV. 


TABLE IV. 


Influence of Catalysts for Hydrogen Peroxide Decomposition on the Electrolytic Oxidation 
of Sulphite. 
Catalyst. 





r 


—~ 
MnSO,, CoSO,, FeSO,, Powdered Ag, 
None. 0-001M. 0-001M. 0:001IM. 0°5 g./100 c.c. 


SO,” oxidised, % 54 78 61 55 
SO,” converted into $,0,”, % 2 26 4 12 


It is seen that all the cataiysts except cobalt sulphate markedly reduce the oxidation efficiency 
for dithionate formation; this is analogous to the results obtained with thiosulphate. The 
addition of cobalt sulphate seems to produce a secondary effect, for although the amount of 
dithionate is decreased to some extent, yet the total amount of sulphite oxidised is increased ; 
on the assumption that sulphate and dithionate are the only products of the anodic process, 
the net oxidation efficiency would be 130%. 
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The anode potential-time curve for a 0-025M-sulphite solution containing 0-001M-man- 
ganous sulphate, with a controlled anode and a current of 0-05 amp., is shown in Fig. 2; the 
curve in the absence of manganous sulphate is also reproduced for comparison. The rise to 
the second potential stage, which was actually higher than the normal value (see Fig. 1), 
occurred within 3 min. of commencing electrolysis. In spite of the high potential, the yield 
of dithionate was exceptionally low. 

Variation of Hydrogen-ion Concentration.—Friessner (loc. cit.) observed that in acid solution 
there was very little dithionate formed in the electrolytic oxidation of sulphite; a more com- 

plete investigation using ade- 

Fic. 2. quately buffered solutions 

appeared desirable. The electro- 
+ Mn504 lysis at 0-05 amp. of 0-025M- 


~' sulphite in buffers of py 1, 3, 5, 
7, 9, 11, and 13 was therefore 

. NV. 2 een oe y 
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TABLE V. 


Influence of Hydrogen-ion Concentration on the Electrolytic Oxidation of Sulphite. 
bu 3 5 7 9 ll 13 
Amount SO,” converted into S,0,”, % ll 24 33 33 26 17 


Effect of Temperature.—It was recorded by Friessner (loc. cit.) that rise of temperature 
favoured the formation of dithionate; in order to verify this, experiments were carried out at 
40° and 60° with 0-10M-sulphite in phosphate py, 7 buffer, using a current of 0-20 amp., both 
with controlled and with anodically polarised anodes. The results obtained are recorded below. 


Influence of Temperature on the Electrolytic Oxidation of Sulphite. 
Controlled anode. Polarised anode. 








SO,” SO,” converted SO,” SO,” converted 

Temp. oxidised, %. into S,0,”, %. oxidised, %. into S,0,”, %. 
18° 65 33 68 37 
40 58 16 67 37 
60 58 13 69 40 


They are not in agreement with the conclusions of Friessner; with an anode which had not 
been previously polarised, there was actually a decrease in the yield of dithionate as the tem- 
perature was raised. This must undoubtedly be attributed to the slow rate of polarisation at 
the higher temperatures, for with an electrode already polarised the amount of sulphite converted 
into dithionate was practically independent of the temperature. 

Influence of Mercuric Cyanide.—In the oxidation of sodium thiosulphate the addition of 
mercuric cyanide to the electrolyte reduced the time elapsing before the electrode attained the 
higher potential stage (Part I, Fig. 3), although the yield of tetrathionate was almost unchanged. 
In the oxidation with a current of 0-05 amp. of 0-025M-sulphite in phosphate py 7 buffer, 
using a controlled anode, the amount of sulphite converted into dithionate increased from the 
normal value of 22% to 26% in the presence of 0-001M-mercuric cyanide. The anode potential— 
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time curve is shown in Fig. 2, and is to be compared with the lower curve for a solution containing 
no mercuric cyanide. 

Influence of Brucine.—It was noted by Young (J. Amer. Chem. Soc., 1902, 24, 297) that 
brucine showed a strong inhibiting action on the oxidation of sulphite by oxygen, particularly 
in alkaline solution. It was therefore of some interest to examine its effects on the electrolytic 
oxidation. 0-10M-Sulphite was accordingly electrolysed in 0-10N-potassium hydroxide at 0-20 
amp. in the presence and the absence of brucine. The brucine was used in the anhydrous 
form and dissolved to give a saturated solution which was slightly less than 0-:001M. The 
electrolyses were carried out with the anode in both the controlled and anodically polarised 
states. The results are given in Table VI. 


TABLE VI. 


Influence of Brucine on the Electrolytic Oxidation of Sulphite. 
Controlled anode. Polarised anode. 


SO,” con- SO,” con- Total SO,” con- SOQ,” con- Total 

verted into vertedinto efficiency, verted into vertedinto efficiency, 

$206", %- SO”, %.- Yo $206", %- SOx”, %. Yo 
Without brucine ... 23 32 87 32 30 92 
With brucine 37 19 75 43 20 83 








Influence of Nature of Anode Maiterial.—Platinised platinum, gold, and nickel electrodes 
were made by electrodeposition of the appropriate metal on the smooth platinum electrode. 
Before use, the first anode was cleaned with nitric acid, washed, and conditioned in the usual 
way, the heating being omitted; the other two electrodes were cleaned with hydrochloric acid, 
washed, and used immediately. A carbon anode was also employed consisting of a rectangular 
plate of gas carbon having an apparent area of 15 sq. cm.; before use it was cleaned with 
boiling water. The electrodes were used as anodes in the electrolysis of 0-025M-sulphite in 
phosphate py 7 buffer at 0:20 amp.; at lower currents the gold anode tended to dissolve. The 
results are quoted below. The average potentials observed with a current of 0-20 amp. during 


Influence of Nature of Anode Material on the Electrolytic Oxidation of Sulphite. 


SO,” SO,” converted SO,” SO,” converted 
oxidised, %. into $,0,”, %. Anode. oxidised, %. into S,0,”, %. 
69 32 Pt platinised 7 
68 28 Cc 3 
67 28 
the main part of the electrolysis for the several electrodes were : Ni 1-60, smooth Pt 1-0 and 
1-55, Au 1-75, platinised Pt 1-10, and gas carbon 2-80 volts. 


DISCUSSION. 


The simple electrochemical mechanism for the production of dithionate by the oxidation 
of sulphite, 7.e., 250,’ = S,0,”” + 2e, was rejected by Friessner (loc. cit.) because of the 
influence of previous treatment of the electrode on the yield of dithionate obtained; he 
evidently considered, although this point is not made clear, that oxygen was the effective 
oxidising agent, thus 2SO,’”’ + 40, = S,0,” +O”, provided the electrode potential 
exceeded a certain value. Below this potential, sulphate was the only product of the 
electrolytic oxidation of sulphite. Essin (loc. cit.) extended the theory of oxidation by 
oxygen and supposed that below a certain pressure of the gas no dithionate could be 
formed; in this way Friessner’s observations concerning the effect of potential could be 
accounted for without the necessity of supposing that sulphite ions had to be discharged 
at the anode. The facts brought to light in the present work show that a high yield of 
dithionate may be obtained at low potentials, whereas under certain conditions, ¢.g., in 
the presence of manganous sulphate or particularly when using a carbon anode, the 
electrode potential may be very high yet only very little dithionate is formed. These 
results do not appear to be explicable by the theories previously proposed, but the sugges- 
tion made in previous work that hydrogen peroxide is the effective agent in some, if not 
all, electrolytic oxidation processes can be readily harmonised with all the observations 
made during the present investigation. 
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Of the two main alternative processes which can occur at the anode in the oxidation 
of sulphite solutions, viz., formation of (a) sulphate, (b) dithionate, it may be supposed 
that the latter can only be brought about by hydrogen peroxide, whereas the former can 
be produced by oxidation with either the peroxide or its decomposition product, oxygen. 
Conditions favouring the stability of hydrogen peroxide should favour the production of 
dithionate, although the yield can never be expected to be as high as that of tetrathionate 
from the oxidation of thiosulphate because of the high rate of oxidation of sulphite to 
sulphate. (Essin’s theoretical deduction of a maximum yield of 50% of dithionate is 
based on a fallacious use of equations for second- and third-order reactions.) On the 
basis of the hydrogen peroxide theory, the potentials observed during the course of electro- 
lysis are not indicative of the nature of the oxidation process, but are a consequence merely 
of the accumulation of oxygen at the anode. 

Spitalsky and Kagan (Ber., 1926, 59, 2905) have noted that the catalytic influence of 
platinum in the decomposition of hydrogen peroxide is markedly decreased by anodic 
polarisation and increased by cathodic treatment. It would be anticipated, therefore, 
that the use of an anode which had previously been anodically polarised would increase 
the yield of dithionate obtained in the oxidation of sulphite, whereas previous cathodic 
polarisation should decrease this yield. The results quoted in Table I are in agreement 
with this expectation, and those in Tables II and III show exactly the same tendency. 
In view of other observations, this explanation appears much more probable than that of 
Friessner (/oc. cit.), who attributed the effect of pre-polarisation to the resulting electrode 
potential. It will be noted that the effect of previous treatment is much more marked 
in the oxidation of sulphite than of thiosulphate; this is because the latter is a powerful 
poison for the decomposition of hydrogen peroxide by platinum, whereas sulphite has 
little poisoning effect (Bredig and Ikeda, Z. physikal. Chem., 1901, 37, 53). 

The striking reduction in the yield of dithionate resulting from the addition of small 
amounts of manganous or ferrous salts or of powdered silver (Table IV), which are catalysts 
for the decomposition of hydrogen peroxide, is exactly similar to that obtained in the 
oxidation of thiosulphate (Part I) ; as already mentioned, the addition of cobaltous sulphate 
appears to interfere with the normal anodic processes in the sulphite solution. It appears 
difficult to avoid the conclusion that the same fundamental factor, viz., the destruction 
of hydrogen peroxide, is operative in each case, and consequently the oxidation product 
for which it is responsible is obtained in low yield. In the thiosulphate case, the net 
oxidation efficiency was very low since there was no alternative process possible, but with 
sulphite, the oxygen can, of course, produce sulphate very readily but not dithionate. 
The high potentials observed in the presence of manganous sulphate (Fig. 2) are to be 
accounted for by the more rapid accumulation of oxygen gas resulting from the decom- 
position of the hydrogen peroxide under these conditions; they are obviously not related 
to the production of dithionate. 

The effect of hydrogen-ion concentration may be discussed under the head of catalysts 
for hydrogen peroxide decomposition, since this substance is more stable in acid than in 
alkaline solution. It might be expected, therefore, that the yield of dithionate should 
decrease as the fq of the electrolyte was increased; this is certainly true from fq 8 to 
pu 13, but from fq 1 to pg 8 the yield increases (Table V). The production of dithionate 
most probably results from the interaction of hydrogen peroxide with sulphite zons, and 
in solutions of increasing acidity, owing to the weakness of sulphurous acid, the concen- 
tration of these ions will decrease rapidly; this appears to be the reason for the small 
amount of dithionate produced in acid solution. The combination of two opposing factors, 
viz., increasing concentration of sulphite ions and decreasing stability of hydrogen per- 
oxide as the fy is increased, accounts for the maximum in the yield of dithionate at A, 8. 

The addition of brucine, which strongly inhibits the oxidation of sulphite by oxygen, 
to the solution in the electrolysis of sulphite should reduce the amount of sulphate formed, 
and hence the total oxidation efficiency. That this is the case is shown by the results in 
Table VI; it will be observed that the yield of dithionate is at the same time enhanced. 
If the brucine, as is highly probable, also inhibits the reaction between sulphite and hydro- 
gen peroxide producing sulphate, this process will not be such an effective competitor 
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with that from which dithionate results; the amount of the latter will consequently be 
increased. 

The order of the effectiveness of different anodes for the production of dithionate is 
Ni>Pt,AuSplatinised Pt>C, and is somewhat different from that found in the work 
on thiosulphate; the latter, however, strongly poisons platinum, which is otherwise a 
very good catalyst for the decomposition of hydrogen peroxide (Bredig and Ikeda, /oc. 
cit.). Sulphite, on the other hand, is not such a poison, and so the yield of dithionate 
at a platinised platinum anode is very low. Carbon is a good catalyst for hydrogen per- 
oxide decomposition and is the least useful anode for the production of dithionate from 
sulphite or of tetrathionate from thiosulphate. Nickel is probably the most feeble as a 
catalyst of all the anode materials used, and so; now that complications due to poisoning 
by the electrolyte are removed, it is the anode at which the highest yield of dithionate 
can be obtained. It seems impossible to correlate the anode potentials observed with 
different electrodes (p. 833) with the production of dithionate, and so these can only be 
regarded as secondary. The same conclusion may be reached from a study of the other 
results quoted in this paper, such as the regular formation of dithionate (Fig. 1B) in spite 
of the break in the potential-time curve. The two potential stages observed in Fig. 14 
and in the mercuric cyanide curve in Fig. 2 are probably due, as suggested in Part I, to 
two types of platinum-oxygen attachment; these potentials do not reflect the progress 
of any process involving sulphite, but are due to the accumulation of oxygen resulting 
from the simultaneous decomposition of hydrogen peroxide. The transitions in the 
curves, from the first to the second potential stage, are considerably delayed as compared 
with those obtained with thiosulphate; this is to be ascribed to the fact that direct union 
with sulphite hinders the accumulation of oxygen, whereas no such reaction is possible 
with thiosulphate. Any process favouring the formation of free oxygen, e.g., high current 
density, catalysts for hydrogen peroxide decomposition, and low sulphite concentration, 
shortens the lower potential stage, as is to be anticipated. The addition of mercuric 
cyanide, which is strongly adsorbed by platinum, evidently suppresses this stage, and 
consequently the time before the transition occurs is shortened both in the sulphite and 
in the thiosulphate oxidation. Since mercuric cyanide poisons the platinum, not hitherto 
poisoned by the electrolyte, for hydrogen peroxide decomposition, its presence results in 
an increased yield of dithionate (p. 832). 

The results of the present work appear to be explicable by the suggestion that hydrogen 
peroxide is the effective agent in the anodic oxidation of sulphite, as well as of thiosulphate, 
whereas any explanation involving oxygen as the oxidising agent would encounter many 
difficulties. The possibility of an electrochemical explanation involving the discharge of 
sulphite ions seems so remote as not to require consideration. Further confirmation of 
the theory proposed has also been sought from purely chemical experiments. Oxygen 
was passed through sulphite solutions of various concentrations either alone or in the 
vicinity of smooth or platinised platinum electrodes; although the sulphite was readily 
oxidised, in no case was any dithionate formed. The action of hydrogen peroxide on 
sulphite appears to have been first noted by Thénard (“ Traité de Chimie,” 1827, Vol. II, 
p. 87), who found that sulphate was the main product but considered that in addition 
dithionate might be formed. Nabl (Monaish., 1901, 22, 739) found that if hydrogen 
peroxide were added in small quantities to excess of barium sulphite some dithionate 
was obtained ; he suggested that two reactions took place, the dithionate being the primary 
product which was then further oxidised to sulphate. This does not appear to be the 
actual mechanism, however, since experiments by the present investigators show that 
dithionate is quite stable towards oxygen and hydrogen peroxide. Albu and von 
Schweinitz (Ber., 1932, 65, 734) investigated the action of hydrogen peroxide on solutions 
of sodium sulphite; they found that sulphate was the main product but that a small 
amount of dithionate invariably accompanied it. Work by the present authors on the 
addition of hydrogen peroxide to sulphite solutions of various concentrations in phosphate 
buffer, shows that, by the addition of the theoretical quantity of 2N-hydrogen peroxide 
to 0-10M-sulphite, 1—2% of the sulphite is oxidised to dithionate. This may appear low 
compared with the amounts obtained in the electrolytic oxidation, but it should be remem- 
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bered that the conditions of reaction are very different. At the anode, the hydrogen 
peroxide is formed continuously in a thin layer of high local concentration and exposes 
a large surface for interaction with the sulphite; outside the cell, however, it is impossible 
to approach these conditions, and so the inability to imitate quantitatively the results of 
the electrolytic oxidation is not surprising. 


SUMMARY. 


1. A study has been made of the electrolytic oxidation at a platinum anode of sulphite 
ions in buffered solutions under a variety of conditions; the chief products are sulphate 
and dithionate. The proportion of the latter is increased by previous anodic polarisation 
of the electrode and decreased by cathodic treatment. 

2. The amount of dithionate formed is almost independent of the current strength, of 
the concentration of the sulphite solution, and of the temperature, if an anodically polar- 
ised electrode is used. With increasing py, the yield of dithionate increases to a maximum 
at J, 8 and then decreases. 

3. The addition to the electrolyte of catalysts for the decomposition of hydrogen 
peroxide results in a marked decrease in the proportion of dithionate formed. Mercuric 
cyanide and brucine increase the amount of dithionate, but the addition of the latter 
brings about a definite decrease in the yield of sulphate and in the total oxidation efficiency. 

4. The electrolytic oxidation of buffered solutions has also been studied with platinised 
platinum, gold, nickel, and gas-carbon electrodes; the order of efficiency for dithionate 
production is Ni>Pt,AuSplatinised Pt>C. 

5. The anodic potential measurements and other observations made in the course of 
the present work are discussed and explained in the light of the theory previously pro- 
posed, viz., that the effective agent in the electrolytic oxidation of sulphite ions is hydrogen 
peroxide. There appears to be no possibility that the sulphite—-dithionate reaction is a 
purely electrical process involving the discharge of sulphite ions. 


THE UNIVERSITY, SHEFFIELD. [Received, June 2nd, 1933.] 





205. The Effect of Solvent on the Reaction between Iodine and Hydrogen 
Sulphide. 


By M. R. ASWATHNARAYANA Rao and Basrur S. Rao. 


THE reaction between iodine and hydrogen sulphide, with ether containing different 
amounts of water as solvent, has been studied by Parsons (J. Amer. Chem. Soc., 1925, 47, 
1820). He found that in pure ether the reaction was very slow but went to completion, 
whereas in the moist solvent reaction was comparatively rapid but incomplete. He 
therefore suggested the formation of sulphurous acid (3H,O + 31, == 6HI + 30, 
30 + H,S == H,SO,), which was assumed to react reversibly with the hydrogen iodide: 
H,SO, + 6HI == 3H,O + H,S + 61; but he was unable to isolate the products of 
the reaction. 

In the investigations now described, ether, carbon tetrachloride, and their mixtures 
with certain reagents were employed to elucidate the effect of a solvent on the same 
reaction. 

EXPERIMENTAL. 

In view of Parsons’s observation that oxygen affects the reaction, rigorous precautions were 
taken to exclude this gas from the reaction vessel. By attaching to the vessel a tube into 
which the solution could be transferred, colour changes due to loss of iodine could be measured 
without exposure of the solution to the atmosphere. The reaction vessel (see fig.) consisted 
of a bulb 4 of about 50 c.c. capacity, to which the side tube C was attached for measurement 
of colour due to unreacted iodine. The narrow tube D had a scratch made at E so that it 
could be broken by suitably dropping on to it the glass rod S, thus admitting the solution 
from the bulb A into the flask B containing hydrogen sulphide. 
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Before being sealed to the hydrogen sulphide generator, the reaction vessel was kept at 
300° in a vacuum. The bulb A was then filled with carbon dioxide (dried over phosphoric 
oxide), the requisite amount of iodine solution poured in, and the end sealed off. The vessel 
was then sealed to the generator, and after the assemblage was complete, all the vessels were 
again dried for two days under vacuum in contact with phosphoric oxide. 

The ether and carbon tetrachloride were purified by standard methods. Finally, the 
ether was refluxed over sodium for two days and distilled. Phosphoric oxide was employed 
for drying the carbon tetrachloride. 

The hydrogen sulphide was prepared by the action of water on aluminium sulphide, obtained 
from pure aluminium and sulphur by ignition as in the thermite process. 

The iodine concentration in all the bulbs was 0-0062 g.-atom per 1. of solution. The volume 
of solution in each of the bulbs was so adjusted that in all the reaction vessels the ratio of 
hydrogen sulphide to iodine was identical. 

The following solvents were employed : (1) dry ether, (2) dry carbon tetrachloride, (3) ether 
containing (a) 5-4, (b) 52-0, and (c) 211-0 millimols. of water per 1., (4) carbon tetrachloride 
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ump 
containing a small quantity of water, (5) carbon tetrachloride with varying quantities of ether, 
(6) 50 c.c. of carbon tetrachloride with 1 c.c. of pyridine, (7) 50 c.c. of carbon tetrachloride with 
1 c.c. of absolute alcohol. 

After the requisite amount of carefully dried hydrogen sulphide had been introduced into 
the reaction vessels, they were sealed off from the generator. The capillary ends of the bulbs 
containing the liquids were then broken, and the liquids allowed to come into contact with 
the hydrogen sulphide. The loss in colour of the iodine solution in each of the vessels was 
determined from time to time by comparison with standard solutions of iodine in the appropriate 


solvent. The experimental error in most of the colorimetric measurements was about 5%. 
In some instances colour comparisons could not be satisfactorily made. 














Results. 


The colour of iodine in the dry ether disappeared slowly and the liquid was very pale at 
the end of 3 months. In dry carbon tetrachloride solutions, however, there was no detectable 
loss of colour even at the end of this period. 

With ethereal solutions containing various amounts of water, we obtained results which in 
general confirm those of Parsons, though equilibrium was not attained so readily in our experi- 
ments, as can be seen from the table, which shows the ratio, R, of the intensity of the colour 
of the solution in the reaction vessel to that in the original solution after the given number of 
days. 
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Rate of reaction between iodine and hydrogen sulphide in ethereal solutions containing small 
quantities of water. 


Initial concn. of iodine 0-0062N ; hydrogen sulphide was in large excess (ca. 12-fold). 
R, after_(days). 





H,0, millimols. = Iodine 
per 1. of Et,O. . 12. 32. 47. 57. 72. 90. consumed. 
0°0 08 0°5 0°25 0°22 0°18 0°16 0°16 0°84 
54 0'8 0-4 0°35 0°33 0°33 0°33 0°33 0°67 
52°0 0°8 0°65 0°55 0°55 0°55 0°55 0°55 0°45 
211-0 0’9 0°65 0°55 0°40 0°40 0°40 0°40 0°60 


Carbon tetrachloride solutions containing pyridine gave an instantaneous decolorisation of 
iodine with the production of a white precipitate of pyridine hydriodide. In carbon tetra- 
chloride solutions containing small quantities of ether, there was a slow reaction, the extent 
of which was roughly proportional to the concentration of ether in the solution. 

Iodine and hydrogen sulphide reacted to a slight extent in carbon tetrachloride containing 
small quantities of water, but the solubility of water was so low that a very limited variation 
in water content was practicable. In carbon tetrachloride solutions containing alcohol there 
was fairly rapid reaction, but the solutions were not completely decolorised, there being finally 
a pale yellow colour. 

In ethereal solutions, after the slight reaction, ethyl iodide and mercaptan were detected. 
To test for the former the ether was shaken with an aqueous suspension of calcium carbonate ; 
the colour due to iodine disappeared, and the ethereal layer was separated, washed several 
times with water, and then treated with alcoholic ammonia. A few crystals of silver nitrate 
were added, the precipitate obtained was filtered off, washed, and digested with boiling nitric 
acid (to remove silver sulphide), silver iodide remaining. 


DISCUSSION. 


Thermochemical data show that normally very little reaction between hydrogen 
sulphide and iodine is possible (Neumann, Ber., 1876, 9, 1574); but if sufficient heat is 
developed by the solution of the hydrogen iodide formed, the reaction could proceed 
farther, giving, ¢.g., in aqueous solution a concentration of ca. 25° of hydrogen iodide 
(Friend, ‘‘ Text Book of Inorganic Chemistry,” Vol. 7, Part 2, p. 58). Reaction can also 
take place if the hydrogen iodide formed is removed, as shown by the fact that addition 
of pyridine caused rapid and complete reaction in carbon tetrachloride, the insoluble 
hydriodide of the base being formed. 

The feeble reaction in dry ether was probably due, therefore, to a very slow removal 
of hydrogen iodide to form ethyl iodide, the mercaptan being produced by interaction of 
ethyl iodide with hydrogen sulphide (this, however, would regenerate hydrogen iodide). 
Direct combination of the ether with hydrogen iodide is also a possible factor. 

Since the production of ethyl iodide would be accompanied by that of alcohol, which 
would in turn react with hydrogen iodide yielding ethyl iodide and water, we have to 
take into account the effect of this water on the main reaction. Although we find that 
traces of water appear to retard the reaction in ether, yet the presence of larger 
quantities would undoubtedly cause it to proceed to a greater extent for the reasons 
advanced above. 

The explanation now advanced for the nature of the reaction in moist ether makes 
Parsons’s postulated formation of sulphurous acid improbable, especially as he was unable 
to obtain any direct evidence in support of this mechanism. 


SUMMARY. 


Iodine and hydrogen sulphide do not react together in dry carbon tetrachloride solution, 
but addition of pyridine causes rapid and complete reaction. A slow and incomplete 
reaction occurs if small quantities of water or alcohol are present in the solvent. 

The slow but nearly complete reaction in dry ethereal solutions seems to be due to 
the removal of hydrogen iodide by its reaction with ether to form ethyl iodide. The 

















of 


nt 


1g 
yn 
re 


ly 


"9 


al 
re 


a 


ic 


- 


Om OD ew 


— eC Sh COU 








Nisbet and Gray: Heterocyclic Ketones. Part I. 839 


incompleteness of the reaction in moist ethereal solutions and the effect of varying water 
concentrations can be satisfactorily explained. 
One of the authors (M. R. A. R.) is indebted to the University of Mysore for a scholarship. 


CENTRAL COLLEGE, BANGALORE, 
Mysore UNIVERSITY, S. INDIA. [Received, June 12th, 1933.) 





206. Heterocyclic Ketones. Part I. B-Amino-ketones and Related 
Pyrazolines derived from Benzylidene- and Furfurylidene-acetone. 


By Hucu B. NisBet and Crecit G. Gray. 


MANNICH and Scuutz (Arch. Pharm., 1927, 265, 684) have described the condensation of 
arylidene ketones (I) with formaldehyde and secondary base hydrochlorides as a method of 
preparing B-amino-ketones of the type (II). 


R’-CH:CH-CO-CH, + CH,O + NHR,,HCl —> R’-CH:CH-CO-CH,-CH,*NR,,HCl+H,O 
(I.) (II.) 


Benzylideneacetone (I; R’ = Ph) by this reaction gave with diethylamine hydrochloride 
and formaldehyde 1-diethylamino-5-phenyl-A*-penten-3-one (II; R’ = Ph, R, = Et,), 
from which these authors prepared the phenylhydrazone (III). 


Ph-CH:CH-C-CH,°CH,*NEt,, HCl Ph-CH—CH, CH,-CH,'NEt,. H 
(III.) Ph:NH:N Ph:N}-—-N7~ H,°CH,NEt,, HCl 


Now, as the phenylhydrazones of «-unsaturated ketones change easily and sometimes 
uncontrollably into pyrazolines, the so-called phenylhydrazone (III) might be the isomeric . 
pyrazoline (IV). It has now been shown, however, that the substance, although giving a 
positive test for pyrazoline by Knorr’s reaction (which is not infallible, since it is given by 
phenylhydrazones containing only a trace of pyrazoline), gives aniline on reduction and 
must therefore actually be the phenylhydrazone (III). 

When the compound (III) was boiled with acetic acid, the colour change characteristic of 
the conversion of phenylhydrazone into pyrazoline occurred, but the new pyrazoline could 
not be isolated. The phenylhydrazone of the piperidino-compound (II; R’= Ph, R, = 
NC,;H,9) was converted by such treatment into the corresponding pyrazoline, which was 
isolated. 

In an analogous manner from furfurylideneacetone 1-dimethylamino-, 1-diethylamino-, 
and 1-piperidino-5-furyl-A*-penten-3-one have been prepared (as hydrochlorides). The 
phenylhydrazones of the dimethylamino- and the piperidino-compound respectively have 
also been prepared and the latter has been converted into the isomeric 1-phenyl-3-(f-piper- 
idinoethyl)-5-furylpyrazoline hydrochloride. The former gives the characteristic colour 
change on boiling with glacial acetic acid, but the pyrazoline could not be isolated. 


(IV.) 


EXPERIMENTAL. 
1 : 5-Diphenyl-3-(8-piperidinoethyl)pyrazoline——The phenylhydrazone of 1-piperidino-5- 
phenyl-A‘-penten-3-one hydrochloride (5-1 g.) and acetic acid (25 c.c.) were boiled under reflux 
for a few hours and the dark green solution was then treated with excess of sodium hydroxide. 
Ether extracted the base, which was obtained (nearly 2 g.) from light petroleum as a pale yellow 
solid (peculiar odour), m. p. 60° (Found : N, 12-7. C,,H,,N; requires N, 12-6%). 
1-Dimethylamino-5-furyl-A‘-penten-3-one Hydrochloride.—The vigorous reaction which set in 
almost immediately when furfurylideneacetone (6-8 g.), dimethylamine hydrochloride (4-1 g.), 
and paraformaldehyde (2-1 g.) in alcohol (5 c.c.) were warmed gently under reflux, was completed 
by a few minutes’ boiling. The solid obtained on cooling crystallised from alcohol in pale yellow 
leaves, m. p. 170° (mixed m. p. with dimethylamine hydrochloride, 120—130°) (Found : N, 6-3; 
Cl, 15-0. C,,H,,O,NCI requires N, 6-1; Cl, 15°5%). The phenylhydrazone, prepared by the 
method of Auwers and Voss (Ber., 1909, 42, 4411), formed long yellow needles from 95% alcohol ; 
m. p. 185° (Found : N, 13-4; Cl, 11-2. C,,H,,ON,;,HCI requires N, 13-15; Cl, 11-2%). 
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The following compounds were prepared by analogous methods, except that in the prepar- 
ation of the $-amino-ketones a second portion of paraformaldehyde (1 g.) was added to the 
reaction mixture and the heating continued for some time to complete the reaction. 

1-Diethylamino-5-furyl-A*-penten-3-one hydrochloride, brownish hexagonal needles from 
aqueous acetone; m. p. 125° (Found: N, 5-5. C,,H,,0,N,HCI requires N, 5-4%). 

1-Piperidino-5-furyl-A*-penten-3-one hydrochloride crystallised from alcohol in pale yellow, 
cubic plates which darkened on exposure to light; m. p. 192° (with darkening) (Found: N, 5:3; 
Cl, 12-9. C,,H,g0,N,HCI requires N, 5-19; Cl, 13-17%). The phenylhydrazone formed long, dark 
yellow needles from alcohol; m. p. 182° (Found : N, 11-9; Cl, 9-6. C,9H,,ON;,HCl requires N, 
11-7; Cl, 9-9%). 

1-Phenyl-3-(8-piperidinoethyl)-5-furylpyrazoline Hydrochloride.—1-5 G. of the phenylhydraz- 
one were heated under reflux with acetic acid (8 c.c.) for } hour. The pyrazoline hydrochloride, 
obtained on cooling, crystallised from alcohol in almost colourless needles, m. p. 158° (Found : 
N, 11-5; Cl, 9-0. C, 9H,;ON,,HCI requires N, 11-7; Cl, 9-9%). 


One of us (H. B. N.) thanks the Carnegie Trust for the Universities of Scotland for a grant. 


HERI0oT-Watt COLLEGE, EDINBURGH. [Received, May 16th, 1933.] 





207. The Co-ordination Compounds of Oximes. Part III. Compounds 
of 4-isoNitroso-1-phenyl-3-methyl-5-pyrazolone with the Alkali Metals, 
Nickel, and Thallium. 


By O. L. Brapy and Marcaret D. PorTER. 


SIDGWIcK and PLANT (J., 1925, 127, 209) first called attention to the existence of co- 
ordinated compounds of the alkali metals, describing lithium, sodium, and potassium 
compounds of #-indoxylspirocyclopentane of the general formula C,,H,,ONM,C,,H,,ON, 
where M is the alkali metal. These compounds were formulated as containing a quadri- 
covalent metallic atom. The sodium and the potassium compound could be crystallised 
from toluene, but the lithium compound decomposed during attempts to crystallise it. 
All the compounds were at once decomposed by water, re-forming the indoxyl compound. 

Later, Sidgwick and Brewer (ibid., p. 2379) described a number of compounds of 
sodium, lithium, and potassium, whith, on account of their physical properties, they 
suggest contain quadricovalent metallic atoms. 

Typical of their compounds are lithium salicylaldehyde hydrate (I), sodium disalicylalde- 
hyde (II) (compare Hantzsch, Ber., 1906, 39, 3089), and sodium o-nitrophenolsalicylaldehyde 
(IIT). 


=O,,;/OH, C—Oxy a C o=¢ 
| Lik OF /Na N=0 
(II.) 


(I.) (III. - 


Brewer (J., 1931, 361) extended these observations to rubidium and cesium compounds 
of salicylaldehyde. 

In the last two papers, compounds containing sexacovalent sodium, potassium, 
rubidium, and cesium were also described. None of these compounds is particularly 
stable; they are readily decomposed by water or, in the case of such compounds as (I), 
lose water on heating. 

We have now found that 4-7sonitroso-1-phenyl-3-methyl-5-pyrazolone (Knorr, Annalen, 
1887, 238, 185) forms a series of much more stable quadricovalent, orange-coloured 
compounds with the alkali metals of the general formula (IV; M = Li, Na, K, Rb, or Cs). 

These compounds are practically insoluble in water, but when boiled with it suffer 
partial decomposition, and isonitrosophenylmethylpyrazolone separates from the solution 
on cooling. They are soluble in dilute solutions of the corresponding metal hydroxides, 
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forming, probably, the normal oxime salts; with the exception of the potassium compound, 
they are readily soluble in solutions of the corresponding carbonates and all are soluble 
in aqueous sodium carbonate or ammonia. 











PhN PhN PhN 
C—C—CMe C—C—CMe C—C—CMe 
O N+O O N>O O N>+O 
XZ ww V7 
M Ni Ti 
(IV) 7% (V.) 7\ (VI.) 
QO N-OH G N>o 
¢—C—CMe C—C—CMe 
PhN N PhN N 








The solubility in organic solvents varies considerably. The lithium and the sodium 
compound are readily soluble in boiling absolute alcohol, the cesium compound less readily, 
and the potassium and the rubidium compound very sparingly ; the lithium and the cesium 
compound are moderately soluble in boiling xylene, but the others very sparingly so; 
all are very slightly soluble in chloroform and benzene, but dissolve fairly readily in boiling 
cyclohexanol. They dissolve in boiling nitrobenzene to very dark solutions and, on 
cooling, dark-coloured compounds separate in which possibly nitrobenzene partly replaces 
one of the oxime molecules, for, when washed with ether, the products regain their orange 
colour but then contain excess of alkali metal. 

isoNitrosophenylmethylpyrazolone also forms compounds with nickel and thallium to 
which structures (V) and (VI) may be assigned, as both are probably co-ordinated: the 
nickel compound is sparingly soluble in organic solvents, but the ¢hallium derivative is . 
readily soluble in absolute alcohol and moderately readily in chloroform. 


EXPERIMENTAL. 


Compounds have been analysed both as prepared and after crystallisation, to ensure that 
no change such as elimination of isonitroso-pyrazolone had occurred during the latter process 
(compare Hantzsch, Joc. cit.). The compound which separates in the preparation appears to 
be, if anything, purer than that obtained by recrystallisation. 

Lithium.—4-isoNitroso-1-phenyl-3-methyl-5-pyrazolone (4 g.) was dissolved in hot absolute 
alcohol (20 c.c.), and lithium hydroxide (0-25 g.), dissolved in the minimum amount of water 
and diluted with absolute alcohol (10 c.c.), added. After some hours lithium di-4-isonitroso- 
1-phenyl-3-methyl-5-pyvazolone separated in matted hair-like crystals and was washed with 
a little absolute alcohol and dried over sodium hydroxide; m. p. 203° (decomp.) (Found : 
C, 58-5; H, 4:2. C,9H,,O,N,Li requires C, 58-7; H, 4:2; Li, 1:7%; M, 412). Crystallised 
from xylene, washed with light petroleum, and dried in a vacuum over sodium hydroxide, it 
formed an orange-yellow microcrystalline powder, m. p. 196—197° (decomp.) (Found : C, 58-2; 
H, 4:3; Li, 13%; M, in camphor, 443). 

Sodium.—The pyrazolone (3-5 g.) in boiling absolute alcohol (20 c.c.) was mixed with a 
solution of sodium (0-18 g.) in absolute alcohol (5 c.c.). Sodium di-4-isonitroso-1-phenyl- 
3-methyl-5-pyrazolone soon crystallised in orange, matted, hair-like masses and was washed 
with absolute alcohol and dry ether; m. p. 230° (decomp.) (Found: C, 55-6; H, 3-9; N, 19-4; 
Na, 5:4. C9H,,0,N,Na requires C, 56-0; H, 4:0; N, 19-6; Na, 5-4%). 

The compound separated from cyclohexanol as an orange jelly, which was pressed between 
porous tiles to remove as much as possible of the solvent and then washed with dry ether; 
the orange amorphous substance obtained was apparently not so pure as the original compound ; 
m. p. indefinite 210—230° (Found : C, 54-5; H, 4:0; Na, 49%). 

Potassium.—When an alcoholic solution of potassium hydroxide (0-6 g.) was mixed with 
the pyrazolone (5 g.) in alcohol (30 c.c.), potassium di-4-isoniiroso-1-phenyl-3-methyl-5-pyrazolone 
separated rapidly as an amorphous orange powder, which was washed with alcohol; m. p. 
248° (decomp.) (Found: C, 53°4; H, 3-9; K, 8-8. C 9H,,O,N,K requires C, 53-8; H, 3:8; 
K, 8-8%). It separated from cyclohexanol as an orange jelly, which was treated in the same 
way as the sodium compound; m. p. 237° (decomp.) (Found: C, 53-8; H, 4:1; K, 8-7%). 
Rubidium.—When a solution of the pyrazolone (2 g.) in absolute alcohol was mixed with 
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rubidium carbonate (0-6 g.) dissolved in the minimum of water, rubidium di-4-isonitroso-1-phenyl- 
3-methyl-5-pyrazolone separated as an amorphous orange powder, which was washed with 
alcohol; m. p. 233° (decomp.) (Found: C, 49-8; H, 3-7; Rb, 17-3. C,9H,,O,N,Rb requires 
C, 49-0; H, 3-4; Rb, 17-4%). 

Ca@sium.—From a mixture of an absolute alcoholic solution of the pyrazolone (2-5 g. in 
20 c.c.) and concentrated aqueous cxsium carbonate (1 g. in 3 c.c.), cesium di-4-isonitroso- 
1-phenyl-3-methyl-5-pyrazolone separated as an orange jelly-like material, which was pressed 
between porous tiles, washed with absolute alcohol, and dried in a vacuum over sodium hydroxide ; 
m. p. 204—205° (decomp.) (Found: C, 45-5; H, 3-4; Cs, 23-9. C,9H,,O,N,Cs requires C, 44-7; 
H, 3-2; Cs, 24-7%). It separated from absolute alcohol as a jelly, which was freed from mother- 
liquor between porous tiles and dried as before; m. p. 209° (decomp.) (Found : C, 45-0; H, 3-3; 
Cs, 243%). The compound separated from xylene in a similar condition (Found: C, 43-9; 
H, 3-3; Cs, 23-1%). 

Thallium.—The pyrazolone (1 g.) was dissolved in 2N-sodium hydroxide (3 c.c.), diluted 
with water (10 c.c.), and mixed with an aqueous solution of thallous acetate (1-4 g. in 10 c.c.). 
The orange precipitate was washed with water and dried over sodium hydroxide. Thallium 
4-isonitroso-1-phenyl-3-methyl-5-pyrazolone crystallised from chloroform, in which it was sparingly 
soluble, or from absolute alcohol in silky needles; m. p. 219° (decomp.) (Found : C, 29-8; 
H, 2-0; N, 10-4. C, 9H,O,N,T1 requires C, 29-6; H, 2-0; N, 10-3%). 

Nickel.—A concentrated solution of nickel acetate was added to an alcoholic solution of the 
pyrazolone, and the precipitate purified by repeated extraction with alcohol; nickel 4-isonitroso- 
1-phenyl-3-methyl-5-pyrazolone was obtained as an olive-green amorphous powder (Found: 
C, 51-6; H, 3-6; Ni, 12-5. C.9H,,0,N,Ni requires C, 51-9; H, 3-5; Ni, 126%). The com- 
pound is very slightly soluble in benzene, chloroform, and methyl and ethyl] alcohol. 


University COLLEGE, LONDON. [Received, May 23rd, 1933.] 





208. Studies in Chemisorption on Charcoal. Part I. The Acid 
Constituent of Charcoal. 


By ALEXANDER KING. 


CHEMISORPTION, the term generally applied to irreversible adsorption, was first noticed 
in the carbon-oxygen system. As early as 1863, Smith (Proc. Roy. Soc., 12, 424) reported 
that oxygen adsorbed on charcoal at room temperature underwent a chemical change and 
could be recovered only at higher temperatures as carbon dioxide. This was verified by 
other investigators (notably Baker, J., 1887, 51, 249), some of whom also found traces of 
carbon monoxide in the recovered gases. Calvert (J., 1867, 20, 293), using comparatively 
pure charcoal, discovered the extraordinary activity of the adsorbed oxygen, which took 
part with ease in many reactions which the free gas could not effect, e.g., the oxidation of 
ethyl alcohol to acetic acid. These facts are difficult to explain on the basis of a purely 
physical adsorption, and hence the concept of chemisorption has arisen. 

At low temperatures, oxygen is physically adsorbed on charcoal (Dewar, Proc. Roy. 
Soc., 1904, 74, 127) and can be recovered as such on exhaustion of the charcoal; but at 
higher temperatures the adsorption is irreversible and only oxides of carbon can be obtained. 
This difference in the types of adsorption at different temperatures is also clearly shown 
by the variation of the heats of adsorption with temperature (Garner and McKie, J., 1927, 
2451). Similar behaviour is exhibited by other systems; e¢.g., adsorption of hydrogen 
or carbon monoxide on copper or zinc oxides is reversible at ordinary but irreversible at 
higher temperatures. 

A study of the carbon-oxygen reaction at higher temperatures leads to similar con- 
clusions. Rhead and Wheeler (J., 1910, 97, 2178) found that ‘‘ in no case where the rate 
of reaction could be measured was there a primary formation of carbon monoxide.” They 
therefore suggested that the oxygen was first held to the carbon as a “‘ loosely fixed physico- 
chemical complex to be regarded as CzOy.” More recently, Lowry and Hulett (J. Amer. 
Chem. Soc., 1920, 42, 1408) have found evidence for a slow reaction between carbon and 
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oxygen at the ordinary temperature, resulting in the formation of a stable non-volatile 
oxide, which splits up on heating into carbon monoxide and dioxide. 

Rideal and Wright (J., 1925, 127, 1347) assume, from the different behaviour of oxygen 
adsorbed in charcoal at different temperatures, that there are at least three surface oxides : 
one removable at high temperatures as oxides of carbon, a second removable on evacuation 
as carbon dioxide or on fusion with alkali as carbonate, and a third removable at low 
temperatures as oxygen. 

There is little direct evidence for the existence of surface oxides, except that of Shilov 
and his co-workers (Z. physikal. Chem., 1930, 148, 233), who have investigated the pro- 
perties of thoroughly out-gassed charcoal, and especially its power of adsorbing electrolytes 
(in particular, acids) from solution, in relation to the pressure of oxygen. From the form 
and position of the isotherm representing the adsorption of hydrogen chloride, they deduce 
the existence of two basic oxides on the surface of the charcoal. They find, further, that 
when the charcoal is heated to 400—700°, a third, acidic oxide is formed (Z. physzkal. 
Chem., 1930, 149, 211). After the present work was started, Kolthoff (J. Amer. Chem. 
Soc., 1932, 54, 4473) found evidence for acidic properties in charcoal. 

Now, according to the conditions of formation, it ought to be possible to obtain more 
direct evidence for the existence of these oxides. In 1930, Professor H. B. Baker treated 
a sample of sugar charcoal with solid carbon dioxide under pressure and noticed that the 
aqueous extract deposited a small crystalline residue on evaporation to dryness. The 
investigation of this deposit formed the starting point of the present work, and it was 
found that the deposit was oxalic acid and was due, not to the action of the carbon dioxide 
on the charcoal, but to previous exposure of the charcoal to the air. 


EXPERIMENTAL, 


Purification of Materials—The bulk of the data for the adsorption of gases and dissolved 
substances on charcoal is irreproducible owing to the difficulty of preparing sufficiently stand- 
ardised charcoals. Those of animal or vegetable origin vary from one batch to another, and 
the methods of activation used by different experimenters produce surfaces of widely different 
character. The effects of combined hydrogen in charcoal have been widely recognised, and 
Miller (J. Amer. Chem. Soc., 1922, 44, 1866) has stressed the importance of rendering the charcoal 
ash-free. In the present work, since the presence of even the smallest amounts of impurities 
in the charcoal might have led to extremely misleading results, special attention was paid to the 
foregoing factors in the purification of the material, the method used being a variation of Miller’s 
process for the production of ash-free charcoal (J. Physical Chem., 1926, 30, 1031). 

Centrifuged coffee-sugar was slowly charred in a basin until all the volatile matter had been 
driven off. The mass was then ground and heated in a silica tube with a limited supply of air 
to 800° for 12 hours. The temperature was now decreased to a dull redness, and a stream of 
chlorine passed over the charcoal for a further 8 hours; the tube was then evacuated, hydrogen 
passed through it for an hour, and the tube again evacuated. The charcoal was now washed 
with distilled water, dried, reground, mixed to a paste with concentrated hydrofluoric acid in 
a platinum dish, and heated over a small flame until most of the acid had evaporated, the last 
traces of acid being then removed by stronger heating. The charcoal was next boiled with 
pure concentrated hydrochloric acid and filtered after dilution of the acid, this treatment being 
repeated, and the charcoal washed with conductivity water until free from chloride. 5 C.c. 
of N/100-potassium hydroxide, diluted with much water, were now added, the charcoal boiled, 
and once more washed free from soluble impurities, the washing being continued for some 
24 hours after any chloride could be detected in the washings. The charcoal was finally heated 
in a silica tube under vacuum for two hours to 1000°, stored in stoppered bottles, and heated 
to dull redness in air immediately before use. Its ash content at various stages of the treat- 
ment was as follows: Before chlorine treatment, 0-13; before treatment with hydrofluoric 
acid, 0-17; final product, 0-00%. 

In the preliminary, critical experiments, pure conductivity water was used, but as this 
was later found to be unnecessary, a high-grade distilled water that left no residue on evapor- 
ation was employed. 

Extraction and Examination of the Acid Material_—(1) About 3 g. of charcoal were exposed 
to the air for a day, then boiled with conductivity water, filtered off, and the filtrate evaporated 
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to dryness in a vacuum desiccator. A small deposit remained, which was seen under the micro- 
scope to consist of clusters of needle-shaped crystals. 

(2) Exposure to pure oxygen instead of air yielded a deposit after similar treatment. 

(3) In order to ensure that the crystalline material was not an impurity washed out of the 
charcoal, 3 g. of charcoal were exposed to the air and the material dissolved out and recovered 
by evaporation. After being dried in air and again extracted with water after a few hours, 
the charcoal yielded a further crystalline product. This process was repeated ten times and in 
each case the crystalline deposit was produced in apparently undiminished quantity, thus in- 
dicating that it was not an impurity but a substance repeatedly regenerated in the pores of the 
charcoal. 

(4) Analysis of the deposit. Sufficient material was ultimately accumulated to enable the 
following tests to be carried out. (a) The crystals gave off water when gently heated, and left 
a white deposit which decomposed and disappeared on stronger heating. (b) They dissolved 
readily in a few drops of water and the solution had an acid reaction to phenolphthalein. (c) 
They effervesced with concentrated sulphuric acid, evolving carbon dioxide. (d) The solu- 
tion of the crystals readily decolorised a few drops of dilute, acidified permanganate solution 
on warming, and also (e) afforded a cloudy, white precipitate with calcium chloride solution. 
(f) These qualitative tests for oxalic acid were confirmed by microanalysis (Found: C, 18-8; 
H, 5-0. Calc. for C,H,O,,2H,O: C, 19-0; H, 48%). 

(5) Titration with N/100-permanganate enabled a rough quantitative estimation to be made 
of the amounts of oxalic acid in the various deposits (1 c.c. = 0-63 mg. of C,H,O,,2H,O). Expts. 
(1), (2), and (3) were repeated, the solutions being evaporated to about 20 c.c., acidified, and 
titrated, a microburette being used. In each case 3 g. of charcoal were used and in Expt. 3 the 
times of successive exposures to the air were varied : 


Length of N/100-KMnO, Length of N/1G60-KMnO, 
Expt. No. exposure, hrs. reqd., C.c. Expt. No. exposure, hrs. reqd., C.c. 
(1) (air ) 24 0°60 (3) (5th exposure) 12 0°58 
(2) (oxygen) 24 0°62 (6th , ) 1 0°62 
(3) (1st exposure) 24 0°58 (7th pa ) 24 0°59 
(2nd, =) 12 0°60 Ch .. |} 1 0°60 
(3rd o» ?) 1 0°57 (9th » ? 0°16 0°58 
(4th ad 1 0°59 (10th ,, ) 1 0°57 


It is seen that the quantity of oxalic acid is the same no matter whether the charcoal has been 
exposed to air or to oxygen, or whether it has undergone several successive treatments with 
air and water. 

(6) Use of other charcoals. In order to see if the production of oxalic acid was limited to 
sugar charcoal, similar extractions were carried out with a commercial activated wood charcoal, 
animal charcoal, and also the very pure charcoal (Chufarov, J. Russ. Phys. Chem. Soc., 1930, 
62, 883) prepared by decomposing piperonal in an autoclave at 200° under a pressure of 18— 
20 atm., followed by heating in air to 500°. Each of these charcoals readily yielded a deposit 
of oxalic acid when treated with water, the quantities being approximately the same as with 
purified wood charcoal. 

(7) Evacuation experiments. A further sample of 3 g. of the purified charcoal was heated 
in a silica tube to 850° under a high vacuum for six hours after which the tube was cooled to 
100°, and nitrogen, which had been freed from oxygen by passage over heated copper turnings, 
allowed to enter. After standing for a few hours, the tube was evacuated at normal temper- 
ature, and boiled out conductivity water sucked in. The charcoal was well shaken with the 
water, and filtered off out of contact with the air. The filtrate was evaporated to dryness, and 
the very small deposit dissolved in a little water and titrated with N/100-permanganate solu- 
tion. This procedure was repeated with further 3-g. samples of the charcoal, pure oxygen, 
carbon dioxide, nitric oxide, and nitrous oxide being adsorbed. The titration results are 
tabulated below. 


Gas N/100-KMnO, Gas N/100-KMnO, Gas N/100-KMn0O, 
adsorbed. reqd., C.c. adsorbed. reqd., C.c. adsorbed. reqd., C.c. 

N 0°07 O, 0°63 N,O 0°08 

cé, 0-05 NO 0:27 


(8) ‘‘ Peroxide” in the charcoal. Samples of the charcoal were shaken with dilute sulphuric 
acid, and the filtrate added to starch-iodide solution. After about 1 sec., the permanent dark 
blue colour was developed. The charcoal which had been dried in air was once more shaken 
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with the dilute acid, a coloration with starch—iodide being again obtained. This was repeated 
several times as in (3), above, and each time iodine was produced, showing the presence of a 
peroxide-like substance which was repeatedly regenerated on exposure of the charcoal to the 
air. 

If the acidification was carried out in an atmosphere of nitrogen, the iodine coloration was 
developed as before, but if the charcoal was first thoroughly evacuated and then saturated 
with nitrogen, no trace of “ peroxide’ was to be found in the extract. 

No coloration was developed in an extract with conductivity water, on subsequent treat- 
ment with sulphuric acid and starch-iodide. 

Samples of activated wood charcoal and of the pure piperonal charcoal also gave positive 
tests with the iodide after exposure to air and extraction as before. 


DISCUSSION. 


The experimental data show that, in the presence of air and water, pure charcoal is 
oxidised to a small extent to oxalic acid at ordinary temperatures. The fact that the 
quantity produced is so small indicates that the oxygen effecting the reaction is the adsorbed 
film on the surface of the charcoal. When the oxygen is removed by heating in a vacuum 
to 850° and is replaced by nitrogen or carbon dioxide, there is no oxalic acid formation, 
the small quantities found being probably due to a small residual quantity of adsorbed 
oxygen which, as is well known (see, e.g., Burrage, Tvans. Faraday Soc., 1932, 28, 192, 
etc.), is extremely difficult to remove. It is not easy to conceive of a direct action between 
oxygen, water, and carbon at ordinary temperatures, but, as it is known that some at least 
of the oxygen adsorbed by the carbon is held chemically, it seems probable that the acid is 
formed by the action of water on a surface oxide of carbon similar to that suggested by 
Rhead and Wheeler or Lowry and Hulett. Indeed, it may be identical with Shilov’s 
acidic oxide C (Z. physikal. Chem., 1930, 149, 211). On removal of the oxide film, either 
by dissolution as oxalic acid or evaporation as carbon dioxide, the charcoal surface is cleaned, 
but on exposure to air or to oxygen the surface film of oxide is at once regenerated and 
can be detected in solution as oxalic aciu. 

It is known (Shah, J., 1929, 2660) that on exposure of charcoal to nitric oxide, chemi- 
sorption takes place, and that heating and evacuation then afford nitrogen and carbon 
dioxide as the main products. From Expt. 7, it seems probable that nitric oxide forms 
a similar surface oxide by interaction with the charcoal. Nitrous oxide, on the other hand, 
gave little or no indication of surface oxide formation, in agreement with Shah’s finding 
that the adsorption of this gas was not irreversible below about 750°. 

The presence of a “ peroxide” on the surface of the charcoal, a phenomenon first 
noticed by Lamb and Elder (J. Amer. Chem. Soc., 1931, 58, 157), is in line with the other 
evidence and affords a third direct indication of the presence of an oxide on the surface 
of the charcoal. There is no reason for assuming that the “ peroxide” is the same com- 
pound or complex from which the oxalic acid is derived. If it were the same substance 
its properties could be illustrated thus :— 


C+ O—>C,0, —-> CO, + CO 
ne 4,So, 


(CO,H), H,O, 


heat 
The reaction with nitric oxide would be C + NO—> C,0, + N, (adsorbed) ow 
CO, + Nz. It is not yet possible to say whether the oxide is a definite compound or is 

merely due to the saturation of free valencies at the active points of the carbon surface. 
In all probability the mechanism of activation of carbon involves the scission of rings 
and chains and the exposure of free unsaturated valencies (cf. Bangham and Stafford, 
J., 1925, 127, 1085). This may be done partly by oxidation, and by removal of combined 
hydrogen. Active patches will be produced at “ peaks” in the pitted surface of the 
charcoal where more than one valency bond is exposed. At such a surface, oxygen might 
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be attached, either (a) according to the Heitler-London mechanism, C -+- O, —»> C-O-0-, 
with the formation of a complex with a free valency (a surface radical) ; or (0), if the carbon 
valencies are symmetrically coupled, so as to form a loose valency bridge: C—C + 


=O —> i 2. (Polanyi, Z. Elektrochem., 1929, 35, 561; Eckstein and Polanyi, Z. 


physikal. Chem., B., 1932, 15, 334). It is possible that both these mechanisms come into 
play in at least the initial stages, and it is easy to imagine further adsorption, for instance, 
on a film of the complex (a). Such compounds might conceivably react with water and 
more oxygen (probably held in intimate contact) to form oxalic acid; also they contain 
the true peroxide structure and might be expected to react with dilute sulphuric acid to 
form hydrogen peroxide. 


The author thanks Professor H. B. Baker, C.B.E., F.R.S., for his interest throughout 
the work and for his valuable suggestions. 
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209. A Comparison of the Densities of Carbon Monoxide and 
Oxygen, and the Atomic Weight of Carbon. 


By MaurIcE WooDHEAD and ROBERT WHYTLAW-GRAY. 


SINCE the discovery that carbon is a mixed element and contains a proportion of the 
isotope C!* along with C", it has become clear that the value 12-00 accepted for its atomic 
weight by the International Commission is too low. 

Aston has shown that the weight of the atom C?? on the O"* basis is 12-0036, which, when 
reduced to the standard of chemical oxygen, becomes 12-0010 or 12-0023, depending on 
whether the abundance ratio O1*: O18 determined by Mecke and Child (Physical Rev., 
1930, 36, 330) or by Naudé (Z. Physik, 1931, 68, 362) is considered the more probable. The 
chemical atomic weight of carbon is therefore greater than 12-001, but in view of the difficulty 
of determining by the methods of band spectroscopy the proportions of the two isotopes, 
an upper limit cannot be fixed. 

The evidence on which the chemical atomic weight is founded rests (a) on the values 
obtained by Richards and Hoover (J. Amer. Chem. Soc., 1915, 37, 95) eighteen years ago, 
for the stoicheiometric ratio Na,CO, : NaBr : Ag, and (b) on the densities and compressi- 
bilities of various gases containing carbon. 

With regard to (a), it may be remarked that the individual experiments lead to values 
for carbon ranging from 11-997 to 12-008, and according to Moles the mean is uncertain 
to the extent of +. 0-011% of a unit (J. Chim. physique, 1917, 15, 51), whilst the physico- 
chemical data taken into account indicate that carbon lies between 11-996 and 12-008. 
It is obvious that the uncertainty in the atomic weight of this important element is 
considerable. 

Now, of the gases employed in determining this constant, carbon monoxide presents 
many advantages, for not only does it deviate least from Boyle’s law, but it can easily be 
prepared in a state of high purity. Its density was determined by Rayleigh (Proc. Roy. 
Soc., 1897, 62, 204), who obtained with gas from three different sources a series of very 
concordant weighings, in satisfactory agreement with the earlier value of Leduc; recently, 
Pire and Moles (Ann. Soc. Fis. Quim., 1929, 27, 267) from the results of an elaborate 
investigation have obtained a value in close accord with Rayleigh’s. On account, however, 
of an uncertainty in the compressibility of the gas, little attention has been directed to the 
atomic weight of carbon deduced from these data. Even now, when the compressibility 
of carbon monoxide has been fixed within narrowlimits by the careful researches of Batuecas, 
Maverick, and Schlatter (J. Chim. physique, 1930, 27, 45), it seems to have escaped notice 
that the data favour a figure for the atomic weight of carbon very much higher than the 
accepted value or any proposed by the workers in band spectroscopy. Thus, if we take the 
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actual ratio of the densities of carbon monoxide and oxygen found by Rayleigh and by 
Leduc and the values 1-00048 and 1-00094 (Wild, Phil. Mag., 1931, 12, 41) for the com- 
pressibilities at 0° (1 + 2) of the two gases respectively, we obtain for the atomic weight 
of carbon the three values: Rayleigh, 12-011(8); Leduc, 12-015(5); Pire and Moles, 
12-008(5). In calculating the last value we have used 1-42892 for the weight of a normal 
litre of oxygen, a figure based on the work of Moles and Gonzales (J. Chim. physique, 1921, 
19, 310). 

It is evident, then, that even if we leave out of account the measurements of Leduc, 
which are founded on fewer and less concordant experiments than the other two, the data 
indicate that the atomic weight of carbon is nearer 12-01 than 12-00. 


The object of the present work was to compare directly, under the same conditions and 
with as high an accuracy as possible, the densities of oxygen and carbon monoxide at a 
series of pressures, so as to be able to calculate, without assuming any values for the com- 
pressibilities, the molecular weight of carbon monoxide. 

This has been done by using a fibre suspension silica buoyancy balance and the method 
used is in all respects closely similar to that employed in the determination of the atomic 
weight of xenon (Proc. Roy. Soc., 1931, A, 184, 7). Briefly, it consists in determining 
the ratio of the pressures at which the two gases have the same density, and then by altering 
the load on the beam to make a second and possibly a third measurement of the pressure 


=< foO-EOH 


ratio at another or two other densities. From these ratios the limiting value of the pressure 
ratio can be easily found by linear extrapolation, and the ratio of the molecular weights of 
the gases calculated. 

Experimentally the investigation differed from that of xenon in several important 
details which will now be briefly described. 

















Pressure Measurement.—Since larger volumes of gas were available, there was no necessity 
to restrict the manometer tubing to a narrow bore, and so, to avoid capillarity corrections, it 
was constructed-of tubing of 30 mm. diameter. The whole of the manometer was contained in 
a thermostat tank with plate-glass sides, and the temperature was kept constant to 0-:01°. The 
glass scale was placed alongside the manometer in the tank and was carefully calibrated section 
by section by comparison with a 200-mm. scale made by the Société Génevoise and guaranteed 
to be accurate to within 2u. Pressure was read by means of a swinging cathetometer, the 
micrometer of which read directly to 0-01 mm. The illumination of the mercury surfaces was 
carefully controlled by two sliding shutters of blackened metal placed in the tank immediately 
behind the manometer tubes. 

The balance used was of the form shown in the fig., and with its stand and supports was made 
entirely of fused silica. The whole fitted into a cylindrical glass case which was closed by a 
ground-glass stopper and furnished with a side window through which the pointer could be 
viewed. The buoyancy bulb had a capacity of about 8 c.c. and was counterpoised by a smaller 
bulb with a hole in it and a small sphere of silica. The diameter of the buoyancy bulb was 2 
times that of the counterweight bulb, and both were of nearly the same weight, so that it was 
possible in constructing the beam to arrange that the surface moments on either side of the fibre 
suspension were nearly equal and in this way to eliminate largely any effect due to unequal 
adsorption. The balance was larger than that used for xenon, the total length of the beam and 
bulbs being about 10cm. Glass case and balance were mounted rigidly inside a metal cylinder 
immersed in a tank through which a constant stream of water was pumped from a large thermo- 
stat. By this means the temperature could be kept constant within + 0-02° for long periods, 
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When making observations, any smaller variations were recorded by means of sensitive mercury 
thermometers. The sensitivity of the balance was usually adjusted so that a difference in 
pressure of 0-005 mm. in oxygen could be detected easily. When working at the lowest pressure 
this was increased to 0-002 mm., and when so adjusted the balance had a period of 20 secs. Had 
it been necessary, the sensitivity could have been considerably increased. 

The apparatus was set up on a stone table in a basement room where vibration was a mini- 
mum. The balance case was connected to the manometer through a gold tube, to keep out most 
of the vapour of mercury, and a short length of capillary tubing. The volume of the connecting 
tubes leading to the gas trains was kept as small as possible so that, when measurements were 
being made, only a small fraction of the total gas was outside the thermostats. 

The accuracy of the measurements depends largely on the zero point of the balance remaining 
constant over the period of time necessary to replace one gas by another and measure the 
pressures. At first, we found that a slow shift of the zero point took place, especially when the 
balance case was left evacuated over-night or for long periods. This effect was finally traced 
to a vapour given off by the rubber grease used on the stopper of the balance case and on the 
stopcocks. Ina vacuum this diffused rapidly, and since it entered the case at one end and was 
adsorbed preferentially by the counterweight bulb, the balancing pressure with gas from the 
same sample gradually diminished. It was found that this slow zero drift could be very greatly 
reduced by using ‘‘ Apiezon ”’ grease in place of the usual tap lubricants (see Burch, Proc. Roy. 
Soc., 1929, A, 123, 271). When this was done after the taps had been cleaned and the balance 
washed and baked at 200° in dust-free air, a perfectly constant zero could be maintained as a 
rule for several weeks. 

Purity of Gases.—The greatest care was taken to obtain oxygen and carbon monoxide in the 
highest state of purity. 

The oxygen was made by heating, in a high vacuum, pure specimens of (a) potassium 
permanganate, (b) potassium chlorate (fused previously in a vacuum) in presence of manganese 
dioxide as a catalyst. Both samples of gas were passed over two long horizontal tubes contain- 
ing 50% potassium hydroxide solution, then over solid potash, soda-lime, and phosphoric 
anhydride, and finally liquefied and fractionated. 

Special care was taken to ensure the complete absence of air, and also that the gas was 
thoroughly dried (see Stock and Ritter, Z. physikal. Chem., 1926, 124, 204). The absence of air 
was proved conclusively by igniting a little pure phosphorus in a silica tube containing some of 
the oxygen; no residual gas from 50 c.c. could be detected, and since 1 cub. mm. was easily seen, 
the nitrogen content was well below 1 part in 50,000 parts. 

Moisture was excluded by a liberal use of the purest phosphoric anhydride, followed by 
liquefaction and fractionation, and in some cases the gas was kept over phosphoric anhydride 
for long periods. The best test of the purity of the gas was the constant value obtained for the 
balancing pressures of different specimens prepared and purified in different ways. To quote 
one instance taken from the data recorded in Series II (p. 851), the mean value of the balancing 
pressure of six fillings of the case with oxygen from permanganate was found to be 182-339 mm., 
whilst five fillings with chlorate oxygen gave a mean of 182-336 mm. 

Two methods were used for the preparation of carbon monoxide, viz., the action of sulphuric 
acid on (a) formic acid, (b) potassium ferrocyanide. Highly purified reagents were used, and 
the reactions were carried out in a low vacuum. In method (a) the volatility of the formic acid 
was controlled by cooling the reaction vessel, and in some experiments by the use of a low- 
temperature reflux condenser. The crude gas was first passed through a vessel cooled in liquid 
air, then through tubes containing liquid and solid potash and phosphoric anhydride, and finally 
it was liquefied and fractionated. 

In order to reach a sufficiently low temperature to do this, we found Stock’s device of passing 
a stream of hydrogen through the liquid air refrigerant very convenient. The finally purified 
carbon monoxide and also the oxygen were stored in a series of one- and two-litre bulbs. These 
were previously cleaned, baked, evacuated with the mercury and the Hyvac pump, washed out 
with the pure gas, and finally pumped out to the lowest possible vacuum. 

The most likely impurity which would affect the density of carbon monoxide appreciably and 
might not be eliminated by the treatment described, is oxygen derived from traces of air. A 
trace of nitrogen would be of no consequence since its density lies so close to that of carbon 
monoxide. In some experiments, therefore, the gas was passed over molten yellow phosphorus 
and then through a spiral cooled in liquid air. No difference could be detected in the samples 
prepared and purified in various ways. Successive fractions, too, taken from the liquefied gas 
were also found to agree closely in density and to show no evidence of a change in one direction. 
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Indeed, taking all the data into consideration, we find strong evidence for the homogeneous 
character of the various specimens. 

As the work developed and a number of consistent measurements were obtained, it was seen 
that the ratios led to a very high value for the atomic weight of carbon—in the vicinity of 12-015. 

Accordingly, a careful search was made for the presence in the gas of a heavy impurity. 
The carbon monoxide was tested with baryta water to see if a trace of carbon dioxide was present, 
but not the slighest indication of its presence was ever found. At one time it was suspected that 
a trace of a metallic carbonyl was formed when the gas came in contact with mercury, but special 
experiments devised to test this always gave negative results. The apparatus was carefully 
examined for air leaks, and the number of stopcocks was reduced to a minimum, only those being 
employed which were above suspicion. The possibility, too, of a trace of water in the balance 
case which might have made the balancing pressure of the oxygen too high was investigated, but 
again the results were entirely negative. 

Finally, the apparatus was taken down and rebuilt to an improved design, and with this the 
final results were obtained. 

The course of an experiment can now be described shortly. 

After making sure that the thermostatic arrangements were working satisfactorily, the 
balance case, lower manometer chamber and connexions were pumped down to as low a vacuum 
as possible with a mercury-vapour pump backed by a Hyvac pump. The final vacuum was 
tested by a Tépler pump, which was in the circuit and served as a McLeod gauge. One of the 
gases was then run in very slowly through a U-tube cooled in liquid air until the balance was 
seen to float. 

The gas supply was then shut off, and the balance pointer adjusted closely to the reference 
point, a coarse adjustment being made by a slight alteration of the mercury level in the lower 
manometer chamber, and a fine adjustment by changing the level of mercury in a capillary 
manometer (pressure adjuster) in the same circuit. 

The gas was usually allowed to stand for 20—30 minutes before pressure readings were 
taken. Each balancing pressure recorded in the tables of results is the mean of three and some- . 
times four pressure measurements, between each of which the balance pointer was reset to its 
reference point by changing the mercury level in the manometer and making a fresh setting with 
the pressure adjuster. By working in this way, the position of the meniscus in the manometer 
with reference to the walls of the tube varied in each reading, and possible errors due to irregular 
refraction would in the mean tend to cancel out. Moreover, by arresting and resetting the 
balance it was thought that any change in zero due to imperfect elasticity in the fibre would be 
partially eliminated. 

The pressure readings were corrected (a) for errors in the scale (irregularity in ruling and 
total length), (b) to 0°. They were also corrected to what they would have been had the balance 
been set exactly to the reference point instead of to a small distance either above or below this 
position. It may be noted that the balance was observed with a long-focus microscope through 
a plane-glass window, and the position of the pointer measured by a screw micrometer reading 
directly to 0-005 mm. Finally, a slight correction had to be made for the variation of the 
temperature of the gas in the balance case from the mean temperature. 

Had corrections (a) and (b) been omitted, this would have had very little effect on the ratios, 
and none at all if the ruling of the scale was perfectly regular. 

However, since the setting of the manometer thermostat was occasionally adjusted, a 
correction had often to be applied when comparing different specimens of the same gas, and in 
order to make the balancing pressures strictly comparable it was found convenient to reduce 
them to 0° and express them in terms of true millimetres. 

A typical record of the data from which a single balancing pressure is calculated is shown 
below. These are as they were recorded and have not been reduced from 20-21° to 0° or corrected 


for the scale length. 
Manometer height. 


Corr. to 

Lower Upper value for Manom. 

Expt. Balance Manom. meniscus meniscus gas at Balance height 
No. temp. temp. reading. reading. Uncorr. 19°80°. setting. (corr.). 
1 19-74° 20°21° 142-59 557°27 41468 414°77 —0°01 414°77 

2 19°74 20°21 142°43 557°12 414-69 414°78 +0°03 414°76 

3 19°73 20°21 142°45 557°15 414-71 41480 +0°005 414-80 

4 19°72 20°21 141-58 556°25 414°68 414°79 + 0°02 414-78 


414-77(7) 
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Correcting to true millimetres and to 0°, we get 413-44(5), which is the balancing pressure of the 
carbon monoxide in Expt. 5, Series III (p. 851). 

After the pressure of one of the gases, usually oxygen, had been determined in this way, the 
balance case, manometer, and connecting tubes were again evacuated completely, the other gas 
introduced, and its pressure determined in the same way. When sufficient ratios of the pressures 
had been determined for one density, the balance was withdrawn from its case, and by fusing 
on a small piece of silica to the solid sphere the beam was made to balance at a lower pressure, 
and another series of ratios was determined, and if desired a third. 

It will be noted that the concordance of the pressures in any series is not as good as the 
measurements would lead one toexpect. Often the final corrected readings differed by 0-03 mm. 
although the balance was easily sensitive to a pressure change of 0-005 mm. and the error in the 
actual measurement of the position of the mercury surfaces did not exceed 0-01 mm. Slight 
temperature fluctuations could not be correlated with these variations, nor were they caused by 
impurities in the gases, for even with the same sample, they appeared when the readings were 
taken at different points in the manometer tube. It was suspected that irregular refraction 
through the walls of the tube was responsible for these variations in the pressure readings. 
Recent work by Cawood and Patterson has proved definitely that this is the case, and has shown 
how refraction errors can be largely avoided by the use of manometer tubing of very thin wall 
(Tvans. Faraday Soc., 1933, 29, 514). In the experiments described here, the errors in the 
pressure measurements set a limit to the accuracy of the final ratios, but to some extent the 
errors have been reduced, though not completely eliminated, by the method employed in taking 
the readings. 

The experimental results obtained in this investigation are given in the following tables. 
In Series I the pressures of the two gases were compared at 0°, and in the remaining series at 19-8°. 


Series I. Preliminary Results. 


Balance at 0°. 


Description Balancing press. of Description Balancing press. of Ratio of balancing 
Expt. of oxygen. O, corr. to 0°. of CO. CO corr. to 0°. press., O,/CO. 

1 KMn0O,, A, 383°43 Formic acid, X 438°17 0°87507 

2 oo 20 383°45 os om 438°12 0°87522 

3 o me 383°55 ” " 438°14 0°87541 

4 eo pm 383°45 9 - 438-09 0°87528 

5 ae Ag 383°44 a iis 438°15 0°87513 

6 oe A 383°49 ” ” (438°15) 0°87525 

7 - B, 383°45 in ‘ 438°09 0°87528 

8 o A, 383°47 ee “ (438-09) 0°87532 

(Balance cleaned.) 

9 KMnO,, B, 383-06 Formic acid, X, 437-67 0°87523 
10 %0 os 382°77 = ” 437°27 0°87536 
ll mt os 382°67 a me 437°27 0°87513 
12 fe o 382°67 a ~ (437°27) 0°87513 
13 am “a 382°69 ea X, 437°22 0°87528 
14 me - 382-69 me - 437°20 0°87532 
15 ” ” 382°70 - X, 437°13 0°87548 

(Balance cleaned and apparatus adjusted.) 
16 KMn0O,, B, 381-96 Formic acid, X, 436°36 0°87533 
17 oe se 381-89 » Xs, 436°36 0°87517 
18 ” ” 381°97 _ Xs 436°39 0°87530 
19 oo oe 381-96 oe X, 436°36 0°87533 
20 2 - 381-98 me X; 436°44 0°87522 
21 os o 381°84 me X, 436°24 0°87530 


Mean 0°87526(4) 


In the table, the different samples of the two gases used are distinguished by letters. Thus for 
oxygen : 
A denotes oxygen obtained by heating permanganate and not liquefied. 
from same source, bubbled through its own liquid and then reliquefied and 
collected from middle fraction. 
sw » from permanganate, liquefied and collected from middle fraction, not bubbled 
through its own liquid. 


1 ” ” 


For carbon monoxide : 


X is gas prepared from formic acid and sulphuric acid in the manner described on p. 848. 
X 4, Rg, Ag, Xy, X, are successive fractions collected from the distillation of the liquefied gas. 
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In Expts. 6, 8, and 12 the balancing pressure of oxygen only was determined; the carbon 
monoxide pressure in brackets used in calculating the ratio is that from the previous experiment. 
In this series the maximum deviation from the mean is 2-5 parts in 10,000, but most of the 
ratios show a much closer concordance. 
In this set of measurements the balance showed a tendency to change its zero and was not 
as constant in its behaviour as in the later series. 


Series II. Low Pressures. 
Balance at 19-8°. 


Description Balancing press. of Description Balancing press. of Ratio of balancing 
Expt. of oxygen. O, corr. to 0°. of CO. CO corr. to 0°. press., O,/CO. 
1 KMn0O,, B, 182-342 Ferrocyanide, Y 208°319 ° 0°87530 
2 - <i (182°342) Formic acid, X, 208°319 0°87530 
3 ii ~ 182°342 Ferrocyanide, Y 208°321 0°87529 
4 - “ 182-338 ps a (208-321) 0°87527 
5 KCIO,, C 182°345 Formic acid, X, 208°288 0°87545 
6 ae 182°343 Ferrocyanide, Y 208-272 0°87550 
7 KMn0O,, B, 182°338 Formic acid, X 208°287 0°87542 
8 - ss 182-332 Ferrocyanide, Y 208°273 0°87545 
9 KCIiO,, C 182°314 pa om 208°288 0°87530 
10 a 182°356 a 1 208°329 0°87533 
ll a "3 182°324 Formic acid, X 208°286 0°87535 
12 KMn0O,, B, 182°344 - a 208°312 0°87534 
(Balance removed and cleaned.) 
13. KMn0O,, B, 181-420 Formic acid, X 207°260 0°87533 
14 ~ - 181-435 ‘io ~ 207°264 0°87538 
15 * * 181-432 ~ - 207°262 0°87558 
(Balance set to lower zero.) 
16 KMn0O,, B, 180°012 Formic acid, X 205°663 0°87528 
17 ~ ‘s 180°017 - - 205°647 0°87537 


Mean 0°87535(5) 


In this set of results the zero of the balance was more constant. The maximum deviation 
from the mean ratio was 1-7 parts in 10,000, and the mean probable error 0-14 part in 10,000. 


Series III. Intermediate Pressures. 
Balance at 19-80°. 





1 KMn0,, B, 361-895 Formic acid, X 413-482 0°87524 
2 - oo 361°898 ‘ ‘“ 413°456 0°87530 
3 os - 361-890 oe ‘i 413°475 0°87524 
4 - ™ 361°887 os - 413°480 0°87522 
5 ” ” 361°875 X, re-treated KOH 413°445 0°87527 
6 0 ” 361°866 Formic acid, X 413-462 0°87521 
Mean 0°87524(7) 
Maximum deviation from the mean, 0°41 part in 10,000 parts. 
Mean probable error, 0°1 in 10,000. 
Series 1V. High Pressures. 

1 KMn0O,, B, 572-266 Formic acid, Z 653°897 0°87516 
2 Re “ 572°291 ‘ - 653°965 0°87511 
3 “a - 572°261 is ‘ 653°961 0°87507 
4 ie wi (572-261) oa Z; 653-979 0°87505 
5 » 9 (572-306) a Zs 653-995 0°87509 
6 KMnO,, B, 572-306 um Zs 653-985 0°87511 


Mean 0°87509(8) 
Maximum deviation from the mean, 0°75 part in 10,000. 
Mean probable error, 0°15 part in 10,000. 


The oxygen samples were the middle fractions taken from the liquefied gas and prepared 
from potassium permanganate (B,) and from potassium chlorate (C). The carbon monoxide 
samples were obtained from ferrocyanide (Y) and also from formic acid (X) and (Z). The gas 
after purification in the manner described was liquefied, and the samples collected from the 
middle fraction. In some cases, i.e., Z,, Zp, and Z3, the gas was collected in successive fractions. 
The pressures in brackets denote values taken from a previous experiment and used in calculating 
the ratio. In Expt. 5 in Series IV the oxygen pressure used is that obtained in Expt. 6, since 
there was evidence of a zero shift in the balance between Expts. 4 and 5. 
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Before the mean ratios in the four sets of results can be used to compute the molecular weight 
of carbon monoxide, two corrections must be applied : (1) for the slight decrease in volume of 
the buoyancy bulb when oxygen is replaced by carbon monoxide and the consequent increase 
in gas pressure; (2) for the shift of the centre of gravity of the buoyancy bulb occasioned by this 
shrinkage in volume. (1) This is the usual Rayleigh correction, and for this pair of gases is small 
even at the highest pressures compared (Series IV), where it reaches a maximum of 0-4 part in 
10,000. Careful measurements were made on this particular silica bulb by Mr. Whitaker in this 
laboratory, and he found as a mean of a number of concordant determinations that the contrac- 
tion per atmosphere change in pressure was 3-3 cub. mm. (2) This source of error was first 
pointed out to us by Dr. W. Cawood (Ramsay Fellow), and we are much indebted to him for 
calling our attention to it. 

Apparently this error has not been noticed before by workers with this type of balance, and 
Stock and Ritter (/oc. cit.) do not mention it in their investigation on the relative densities of 
oxygen and ethylene. (It does not apply, however, to results obtained with a microbalance 
carrying a suspended bulb instead of a fixed one as was the case with xenon.) Now, if we assume 
that the silica bulb is perfectly symmetrical and of even wall thickness, the shift of its centre 
of gravity as it contracts with increase of external pressure is easily calculated. 

On this assumption it was found to be 1-53 x 10 mm. per atmosphere. Measurements of 
the diameter along three axes at right angles to one another showed the bulb to be very closely 
spherical in form, but in spite of this it could not be assumed that the shrinkage would be even 
and that the bulb would still remain a sphere on contraction. It seemed possible that an 
alteration in volume might occur without a corresponding change in the position of the centre of 
gravity. To test this point, Mr. Whitaker kindly undertook to measure the actual wall dis- 
placement of the bulb at various points when a vacuum was produced in its interior. By an 
ingenious method, he was able to measure these small displacements with sufficient accuracy 
(Whitaker, J. Sci. Insir., 1931, 8, No. 8, 251). When examined in this way, one segment of the 
bulb showed considerably less contraction than the rest of the surface. The points on the 
surface at which displacement measurements had been made were then marked, the bulb 
broken, and the wall thickness of the marked and also of other portions carefully measured. 

It was found that the displacements corresponded closely with thickness of wall, and that the 
segment showing the smallest contraction was more than twice as thick as the rest of the bulb. 
From a knowledge of the displacement and thickness of wall over the surface of the bulb, Mr. 
Whitaker was able to calculate the mean displacement per atmosphere of the centre of gravity 
of the bulb along the balance beam. 

This was found to be 1-33 x 10° mm. per atmosphere. 

Since the thicker portion of the bulb was at the extremity of a diameter at right angles to the 
balance beam, it is evident that the shift of the centre of gravity with shrinkage will not be 
strictly along the axis of the balance, and hence its effective component along the axis will be 
smaller than if the bulb had been perfectly uniform. The figure just given was therefore taken 
in preference to the former as being a more reliable value from which to calculate the correction. 

With the balance used, the distance from the centre of the bulb to the axis of the beam, 7.¢., 
the fibre suspension, was 38-2 mm., and its weight without stem was 0-349 g. The change in 
weight produced by a pressure difference of one atmosphere was therefore 1-33 x 10° x 0-349/ 
38-2 = 1-215 x 10°g. On application of this to Series IV, where the difference in balancing 
pressure of the carbon monoxide and oxygen was 81-7 mm., the corresponding weight change 
becomes 1-312 x 10° g. 

Now the upward displacement of the bulb (volume = 8-435 c.c.) when balanced in oxygen 
at 572-3 mm, at 19-8° is equal to 8-46 x 10° g. Hence the total buoyancy necessary to float 
the balance suffers a fractional increase of 1-312 x 10*/8-46 x 10° = 1-55 x 10“ on account 
of the centre of gravity shift, and the mean ratio in Series IV must therefore be decreased by 
this fraction, 1.e., by 08751 x 1:55 x 10 = 1-357 x 10%. 

The Rayleigh correction, which allows for the contraction in volume of the bulb itself with 
rising pressure, alters the buoyancy in the opposite sense. For the same pressure range the 
fractional change in volume of the bulb is 3-3 x 81-7/8435 x 760 = 0-422 x 10, so that the 
ratio (Press. O,)/(Press. CO) must be increased by 0-875 x 0-422 x 10 = 0-37 x 10%. The 
total correction to be applied to the ratio is therefore (— 1-36 + 0-37) x 10-* = — 0-000099. 

It can be shown that, whilst the Rayleigh correction gets smaller as the balance is set to 
equilibrium at lower densities, the centre of gravity correction remains constant, for although the 
actual centre of gravity shift becomes less, the weight of gas displaced by the bulb is diminished 
in the same ratio, so that the weight change from this cause is always the same fraction of the 





Carbon Monoxide and Oxygen, and the Atomic Weight of Carbon. 853 


total buoyancy. For the pair of gases in question and this particular balance, the maximum 
correction due to centre of gravity change is 1-4 parts in 10,000; but with gases differing widely 
in density, especially with a shorter beam balance, the error may be much greater. 
The final mean ratios, corrected and uncorrected, are shown in the following table. 
Approximate 
pressures. Ratio, Corrections Corrected 
uncorr. (1) and (2). ratio. 

Series I, 0° ' 437°2 0°87526 —0-°00010 0°87516 

Series II, 19°8° ‘ 207°8 0°87535, —0°000123 0°87523 

Series III, ,, il 413°5 0°87524, —0°000112 0°87514 

Series IV, 654-0 0°87509, —0°000099 0°87500 
From the corrected mean ratios of Series II, III, and IV the limiting ratio can be calculated 
by a linear extrapolation. The assumption made by this treatment is that the pu—p graphs for 
each gas are strictly linear over the pressure range considered, for it can be shown that the ratios 
must be a linear function of pressure if the isothermals for each gas are straight lines. As a 
matter of fact, the graph obtained by plotting the ratios against the corresponding pressures for 
either oxygen or carbon monoxide was found to be a straight line within the limits of experi- 
mental error. From the three series, three values for the limiting ratio can be obtained in this 


way and are tabulated below. 
Limiting ratios. Mol. wt. of carbon monoxide. 


From Series II and III 0°87533 28-010(6) 

II and IV 0°87534 28°011(0) 

III and IV 087537 28-011(8) 

Series I 0°87534 28-011 
The mean value from Series I is not considered to be as reliable experimentally as the values 
obtained later in Series II, III, and IV. To calculate the limiting value of this ratio, we must 
use the values of 1 + 2 for oxygen and for carbon monoxide at 0° which have been found experi- 
mentally. The result for the molecular weight obtained from this series set forth in the table 
has been calculated by assuming for carbon monoxide-the 1 + A value found by Batuecas, ~ 
Maverick, and Schlatter (/oc. cit.), i.e., 1-00048, and for oxygen the mean value 1-00094 given by 
Wild (loc. cit.). The agreement is certainly remarkable. 


The mean atomic weight of carbon calculated from all these data is C = 12-011, which 
is considerably higher than the accepted chemical value for carbon but is in close agreement 
with Rayleigh’s value obtained from carbon monoxide. 

By using the above compressibility coefficients, the weight of a normal litre of carbon 
monoxide can be calculated. Taking 1-42894 as the weight of a normal litre of oxygen, 

1 + a)CO 1-00048 
we have Log = Lo, + Rum: X eo - . 0, = 1-42894 x 0-875345 x 100004 = 1-25024, where 
Rim, is the limiting value of the ratio of the balancing pressures. This value is in very 
close agreement with Rayleigh’s, viz., 1-25027, but about 1 part in 10,000 higher than 
the value obtained by Pire and Moles, and by Moles and Salazar (Ann. Soc. Fis. Quim., 
1932, 30, 182), 7.e., 1-25011. 

The ratios of Series II, III, and IV can be used in conjunction with the limiting ratio to 
calculate the relative compressibility coefficients of carbon monoxide and oxygen. Using 
the Berthelot notation for the compressibilities of gases, which, as Cawood and Patterson 
(this vol., p. 619) have emphasised, is stricter than that of Guye when we are dealing with 
pressures which are fractions of an atmosphere, it can be shown that R = M,(1 — Ago)/ 
M,(1 — A,p,), where R is the ratio of the balancing pressures , and f, of two gases at 
the same density, A, and A, are the compressibility coefficients as defined by Berthelot, 
1.¢., A = 1 — p,v,/PoUq for one atmosphere, and M, and M, the molecular weights. 

In the limit (6 = 0), Rim. = M,/Mg, so that R/Rym, = (1 — APs) /(1 — Ayp,), and 
if the compressibility of oxygen is known at 20°, that of carbon monoxide can be calculated. 
Taking for oxygen at 20°, 1 + 4 = 1-00075, we get for carbon monoxide at the same 
temperature 1-00020 as a mean from the three ratios. The value for oxygen was calculated 
by Cawood and Patterson and is probably a close approximation ; that for carbon monoxide 
appears to be somewhat low in the light of the high-pressure data obtained recently for 
carbon monoxide by Scott (Proc. Roy. Soc., 1929, A, 125, 330) and by Townend and Bhatt 

3 L 
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(tbid., 1931, 134, 502) and extrapolated to low pressures. The data of those observers give 
a value of 1 + A at 20° of approximately 1-00045, but the value at 0° obtained by Townend 
and Bhatt, viz., 1-00073, is very probably too large by about 1 part in 5000. From Bart- 
lett’s data (J. Amer. Chem. Soc., 1930, 52, 1374), 1 + 4 at 20° = 1-00023, but his value 
at 0°, viz., 1-0004, is slightly too small when compared with recent direct determinations 
at low pressure, Batuecas, Maverick, and Schlatter (oc. cit.) having found 1 + 4 = 1-00048. 
From the Beattie—Bridgman equation, using the constants for nitrogen, which is closely 
similar to carbon monoxide, we have 1 + Ag». = 1-0003. The evidence, then, though not 
very conclusive, favours a slightly higher figure than the one calculated from our results, 
and it is of interest to see whether the substitution of such a value in our ratios would 
affect the atomic weight of carbon appreciably. Assuming for carbon monoxide at 20°, 
1 + A = 1-00035 instead of 1-0002, the mean atomic weight from the three ratios is found 
to be 12-009—a reduction which is inconsiderable. 

Pire and Moles in their work on the density of carbon moxonide, and also Moles and 
Salazar in an extended investigation on the same subject recently published (loc. cit.), 
calculate the molecular weight of the gas from the expression 


RL _ 22-414 x 1-25010 
1+, 1-00050 


If, instead of using the limiting molar volume 22-414, we compare the density of carbon 
monoxide with the density of oxygen determined under the same experimental conditions 
by Moles and Gonzales (loc. cit.), a procedure which appears to us sounder, and use for 
1 + for oxygen the mean value 1-00094 calculated by Wild (loc. cit.), the value for C 
becomes 12-008. 

It may be noted that the microbalance method involves no measurements in absolute 
measure nor independent determinations of compressibility. Moreover, the higher value 
for carbon which we find is confirmed by the determinations of the compressibilities of 
carbon dioxide and ethylene recently published by Cawood and Patterson (loc. cit.). 

A further confirmation of the higher value for carbon is obtained by comparing the 
normal densities of nitrogen and carbon monoxide. These two gases show very nearly 
the same deviation from Boyle’s law over a large pressure range, so that the ratio of the 
normal densities is very nearly identical with the ratio of the limiting densities. Moreover, 
any uncertainty in the atomic weight of nitrogen is very small. If we take for the normal 
density of nitrogen 1°25046, a general mean of the best established data (Moles, Z. anorg. 
Chem., 1927, 167, 49), and the mean value 1-25020 for the normal litre of carbon monoxide 
based on the results of Rayleigh, Moles, and ourselves, and assume N = 14-0082, we get for 
carbon 12-011. 

We conclude therefore that 12-011 is a close approximation to the atomic weight of 
carbon on the chemical scale, and that the values accepted hitherto are too low. If this 
conclusion is correct, the proportion of the C! isotope must be as high as 1%, which is in 
close agreement with the results obtained recently by band-spectrum methods by Jenkins 
and Ornstein (Proc. K. Akad. Wetensch. Amsterdam, 1932, 38, 1212). 





M = , whence C = 12-006. 


We are indebted to Imperial Chemical Industries, Ltd., and to the Department of Scientific 
and Industrial Research for their financial support. 
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210. Studies of Phosphates. Part I. Ammonium Magnesium Phos- 
phate and Related Compounds. 
By Henry Bassett and WILLIAM L. BEDWELL. 


THE work now described originated in an attempt to discover the causes of (1) the 
incandescence which is observed at a certain stage in the ignition of ammonium magnesium 
phosphate, and (2) the colour changes undergone by the solid when cobalt is precipitated 
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as ammonium cobalt phosphate. Explanations of these phenomena have been obtained, 
but many erroneous statements in the literature had to be corrected and new material 
supplied. Although most of this deals with compounds regarded as well known, we 
consider it worth recording, especially as it has led to conclusions on the molecular structures 
and mutual relationships of some important phosphates. We have given enough detail 
to enable the work to be repeated and the value of our conclusions to be determined. 
This is necessary since the same reactants may yield different products according to the 
exact method of procedure followed. 

The main conclusions are summarised as follows. 

The “ glowing ”’ on ignition of ammonium magnesium phosphate occurs in the complete 
absence of organic matter. 

Only the hexahydrate glows vigorously, the glow of the monohydrate being much 
fainter. These differences persist when magnesium is replaced by other bivalent metals, 
and are associated with colour differences in the case of metals like cobalt and nickel. 

The colours indicate that in the hexahydrates the bivalent metal is kationic, whereas 
in the monohydrates it is partly kationic and partly anionic. 

The complexity of the monohydrates is not due to ammine formation. They are 
true ammonium salts—since the corresponding potassium compounds can be obtained 
but no pyridine compounds. 

The same differences of colour between hexa- and mono-hydrates are found in the 
potassium series as in the ammonium series, but none of the potassium salts glows on 
ignition. 

All the monohydrates MIM"@PO,,H,O are considered to be quadrimolecular. 

In the coloured anhydrous phosphates of the type M'M"PO, the colour is such as 
to indicate that the bivalent metal is entirely anionic. Two types of ammonium cobalt 
phosphate exist, an unstable “ glowing ”’ form, considered to be bimolecular, and another, - 
non-glowing, obtainable in solid solution in ammonium zinc phosphate, probably quadri- 
molecular. 

It is pyrophosphate formed by decomposition of the ammonium salts which glows 
in all the cases so far mentioned. A number of phosphates of the type MHPO,,xH,O 
showed feeble glowing or none at all. Nearly all of these appear to be quadrimolecular. 

An attempt has been made to develop structural formule for the compounds dealt 
with in this paper on the basis of the differences in behaviour mentioned above. These 
are set out in Table I. 

The cause of the glowing on ignition of some of the phosphates is discussed on p. 859, 
et seq. Density and thermochemical measurements have shown that the unglowed pyro- 
phosphate obtained from the hexahydrated compounds differs from the pyrophosphate 
obtained from the monohydrates. After the former has glowed, it becomes identical 
in properties with the latter. It is considered that the unglowed pyrophosphate is under 
strain and polymerises to (M,P,0,), with relief of strain and formation of a more closely 
packed molecule. 

The complexity of some of the compounds dealt with is not due to the formation of 
polymerised phosphoric acids, but is determined by the strong co-ordinating tendency 
of the bivalent metals present. It is considered that the latter act with co-ordination 
numbers 0, 4, or 6, occasionally 2, but never 1, 3, or 5. Some of the observations made 
in the course of the work are of analytical interest for the precipitation of compounds of 
the type of ammonium magnesium phosphate. 

The “‘ Glowing” of Ammonium Magnesium Phosphate.—Although the incandescence 
which spreads through the mass on ignition of ammonium magnesium phosphate is very 
striking, it is hardly ever referred to in text-books of quantitative analysis. 

Berzelius (‘‘ Lehrbuch der Chemie,” Wéhler’s translation, 1826, Vol. 2, p. 651) first noticed 
the glowing, and Rose (‘‘Ausfiihrliches Handbuch der analyt. Chemie,”’ 1851, Vol. 2, p. 38) 
also recorded it. Popp (Z. fiir Chem., 1870, ii, 6, 305) stated that this phosphate always 
glowed if free from impurities, and more particularly from silica or calcium phosphate. 
He suggested that the glowing was due to a change from the crystalline pyrophosphate 
to an amorphous or glassy form, and showed that magnesium pyrophosphate prepared 
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from sodium pyrophosphate by precipitation with excess of magnesium sulphate glowed 
similarly on ignition. His conclusions as to the influence of impurities were, however, 
found to be incorrect by Struve (Z. anal. Chem., 1898, 37, 485). 

Ignited magnesium pyrophosphate is usually grey owing to the presence of traces of 
carbon, derived either from volatile organic bases in the ammonia used in the precipitation, 
or from filter-paper fibres, and enclosed in the pyrophosphate during sintering. 

Karaoglanoff and Dimitroff (Z. anal. Chem., 1918, 57, 353) attributed the glowing 
entirely to the presence of organic matter, but their experimental results are unconvincing. 
The following experiment, in which the presence of organic matter was entirely avoided, 
completely disproved this view. 

A solution of diammonium phosphate was prepared from synthetic ammonia solution * 
and A.R. phosphoric acid and used to precipitate a cold solution of A.R. magnesium 
chloride hexahydrate; the ammonium magnesium phosphate hexahydrate so obtained 
was filtered on asbestos, washed with dilute synthetic ammonia, and dried over sulphuric 
acid. The product glowed on ignition and gave a white pyrophosphate, showing that 
carbon had been successfully eliminated. 

The Hexahydrates of the Ammonium Magnesium Phosphate Group.—The striking 
observation was soon made by us that the intense glow on ignition is only shown by 
ammonium magnesium phosphate hexahydrate, the monohydrate glowing so feebly that 
it can only be seen in the dark. The variable results of earlier workers were probably, in 
part, due to the fact that they were sometimes dealing with the hexahydrate, and some- 
times with the monohydrate. We found that although the monohydrate, if precipitated, 
usually changes over into the hexahydrate when left in contact with the mother-liquor at 
room temperature for several hours, yet it does not always do so if large amounts are present. 

We have prepared a number of compounds analogous to ammonium magnesium 
phosphate and hexa- and mono-hydrates, as well as some related compounds, in the hope 
of being able to trace some connexion between the capacity for glowing and the degree 
of hydration and complexity of the compound as indicated, possibly, by differences in 
colour, since this property sometimes gives valuable information as to possible structure 
and complexity of salts (Bassett and Croucher, J., 1930, 1784). The fact that the several 
colours and colour changes observed with cobaltous phosphates appeared to be precisely 
similar to those found with cobaltous chloride was particularly helpful in this connexion. 

The only other hexahydrates of the ammonium magnesium phosphate group which we 
have been able to prepare pure are the cobalt and nickel compounds, both of which were 
already known (Debray, Compt. rend., 1864, 59, 40; Bull. Soc. chim., 1864, 2,11). Since 
other phosphates can be obtained from the same solutions according to the conditions, we 
give full details of our method (Expt. A). 

Metals other than magnesium, cobalt, and nickel give mono- instead of hexa-hydrates, 
even at 0°; with zinc, one always obtains the anhydrous ammonium phosphate. Hexa- 
hydrates evidently have a great tendency to lose water. 

Winkler (‘ Ausgewahlte Untersuchungsverfahren fiir das chemische Laboratorium,” 
1931, pp. 115—116) states that when a manganese solution is precipitated hot with a 
solution of diammonium hydrogen phosphate and ammonium chloride, the amorphous 
precipitate is converted into needle-like crystals which slowly change into plate-like 
crystals. As the needles, if formed, might consist of the hexahydrate, we repeated these 
experiments under the prescribed conditions, but were unable to obtain needle-like crystals, 
the product always consisting of plate-like crystals of the monohydrate. 

It is well known that salt hydrates which are unstable in the pure condition can often 
be obtained in solid solution in a stable isomorphous compound (Stortenbecker, Z. physikal. 
Chem., 1895, 16, 250). By precipitating suitable mixed solutions we obtained ammonium 
manganese, copper, zinc, and cadmium phosphate hexahydrates as solid solutions in the 
magnesium compounds. The excess of magnesium compound required to stabilise the 
other hexahydrates gives a rough indication of the order of the stabilities of the latter, 
which appears to be manganese, copper, cadmium, zinc (Expt. B). 


* Kindly supplied by Messrs. Synthetic Nitrates and Ammonia Ltd., Billingham-on-Tees. 
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All the hexahydrates glow on ignition, but whereas the incandescence of the magnesium 
compound is easily seen in daylight, the cobalt compound must be examined in the dark. 
For the nickel compound, stronger heating with a blowpipe is necessary. When the 
hexahydrates are heated in the dry condition in the steam-oven, they do not pass into 
the monohydrates in spite of statements to the contrary. Losses considerably greater 
than are required for the formation of monohydrates are suffered. Dehn and Heuse 
(J. Amer. Chem. Soc., 1907, 29, 1137) have shown that NH,MgPO,,6H,O loses both water 
and ammonia at temperatures well below 100° and we have confirmed this, finding a loss 
of about 86% of the total ammonia before constancy was reached after several days. 
The cobalt compound behaves similarly. 

The Monohydrates of the Ammonium Magnesium Phosphate Group.—Compounds of 
the type NH,MPO,,H,O were easily obtained with the metals magnesium, manganese, 
cobalt, nickel, copper, and cadmium, but not so easily with zinc. The copper compound 
had not previously been prepared (Expt. C). Above 80° (Debray, loc. cit.), the gelatinous 
precipitates first obtained by adding ammonium phosphate to solutions of metal salts 
gave pearly, crystalline plates of the compound NH,MPO,,H,O (M = Mg, Mn, Fe”, Co, 
or Ni), whereas zinc gave the anhydrous salt. 

Heintz (Annalen, 1867, 148, 356) undoubtedly obtained NH,ZnPO,,H,O by allowing 
it to crystallise at room temperature as the ammonia evaporated from a solution which 
was originally sufficiently ammoniacal to hold all the phosphate in solution.* This method 
is not at all trustworthy, however, for unless the monohydrate is caused to separate fairly 
rapidly, it is liable to lose its molecule of water. We found it better to precipitate it from 
ammoniacal solution by gradual addition of hydrochloric acid (Expt. D). Even at 20°, the 
monohydrate is fairly rapidly dehydrated when in contact with mother-liquor. It is 
much more stable in solid solution in NH,CoPO,,H,O (Expt. E). Dick (Z. anal. Chem., 
1930, 82, 401), describing estimations by the phosphate method, suggested that ammonium - 
zinc phosphate is obtained as the monohydrate by hot precipitation. The figures given 
are obviously correct, and correspond to the anhydrous compound. 

The properties of the monohydrates differ greatly from those of the hexahydrates. 
With the exception of the zinc compound, they all showed an incandescence visible in 
the dark if a thin layer of the finely ground compound was heated sufficiently rapidly. 
They all glow much less vigorously than the hexahydrates, the manganese compound 
showing best glowing. The two types of hydrate also differ markedly in respect to colour. 
Thus, the hexahydrates of cobalt and nickel have the red and green colours characteristic 
of the respective hydrated kations, whereas the corresponding monohydrates are purplish- 
red and greenish-yellow respectively, the copper analogue being greenish-blue. 

Possible Structures of the Monohydrates and the Method of Distinguishing Between Them.— 
We conclude from these colour differences (cf. Bassett and Croucher, Joc. cit.) (i) that the 
hexahydrates contain the whole of the bivalent metal as kation, and are to be formulated 
as NH, [M(H,O),]"PO,’’; (ii) that the monohydrates are complex, the bivalent metal 
being present partly as hydrated kation and partly as complex anion. 

There appeared to be two possible ways in which complexity of the monohydrates 
might arise: they might be ammines, and not true ammonium salts, or they might be 
polymerised, having a complex anion, [M(H,O),](NH,),[(PO,),M,]. Since experiment 
showed that practically the whole series of potassium compounds could be prepared 
(Expt. F), but no pyridine derivatives, it is clear that an ammine formula must be ruled 
out, and such compounds must be regarded as true ammonium salts. The failure to 
obtain pyridinium derivatives is, then, to be attributed mainly to the weakness of pyridine 
as a base. The structure shown in Table I is suggested, in which each M atom is 
4-co-ordinate. 

The Phosphates KM™PO,,6H,O and KM™PO,,H,O.—No compounds of the type 
KMPO,,H,O had previously been prepared. In crystalline form and colour they are 
identical with the corresponding ammonium salts. Of the hexahydrates, we were able to 


* This method is wrongly attributed by Mellor (‘‘ Comprehensive Treatise,’’ 1923, IV, 661) to Bette 
(Annalen, 1835, 15, 129). 
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obtain only the magnesium and the nickel compound (cf. Schrécker and Violet, Annalen, 
1866, 140, 229), but the latter had the same green colour as the ammonium compound 
(Expt. G). It must therefore be concluded that the structures of the hydrates of the 
potassium series are identical with those of the corresponding ammonium series. An 
important difference between the potassium and the ammonium compounds is that none 
of the former glows on ignition. Potassium compounds lose potassium oxide on ignition, 
and this loss seems to be more pronounced from the monohydrates than from the hexa- 
hydrates. 

The Anhydrous Phosphates NH,M"™PO,.—dZinc ammonium phosphate is the only 
member of this group isolated easily in the pure state, and is the compound obtained in 
the well-known analytical method of precipitating zinc (cf. the corresponding method for 
cobalt). 

Ammonium cobalt phosphate. When this salt is first formed, the pinkish or bluish floccu- 
lent precipitate passes, on its way to the final purple-red plates of the monohydrate, through 
an intermediate royal-blue phase. This is dense and crystalline, but under the microscope 
it is seen to consist of minute spherulites. There is little doubt that it consists of the an- 
hydrous phosphate, although we have not obtained it pure (Expt. H). On several occasions, 
however, small amounts were obtained sufficiently pure to show as strong an incandescence 
on ignition as that of the ammonium magnesium hexahydrate. We believe that this has 
an important bearing on the nature of the anhydrous phosphates, and indicates that the 
dark blue, very unstable ammonium cobalt phosphate is probably (NH,CoPOQ,),, whereas 
the dark blue compound that can be easily obtained in solid solution in anhydrous 
ammonium zinc phosphate is probably the quadrimolecular salt (see p. 861). Dakin 
(Z. anal. Chem., 1930, 89, 789), recording the colour changes shown by the cobalt precipitate, 
refers to the initial amorphous precipitate as the tribasic cobalt salt. 

Solid solutions of cobalt and zinc ammonium phosphates. Anhydrous ammonium 
cobalt phosphate is stabilised when in solid solution in the corresponding zinc compound, 
and, if mixed cobalt and zinc solutions are precipitated in the ordinary way with 
diammonium hydrogen phosphate, permanent, blue, crystalline precipitates are obtained 
of the mixed anhydrous phosphates (cf. Tamm, Chem. News, 1871, 24, 148). Apart from 
their colour, these have all the characteristics of anhydrous ammonium zinc phosphate 
itself. The limiting solubility of the cobalt in the zinc compound occurs when about one 
part of cobalt is present to five of zinc (Expt. 1). If solutions containing cobalt in greater 
proportion than this are precipitated, the excess cobalt is obtained as monohydrated 
ammonium cobalt phosphate, which no doubt contains the zinc analogue in solid solution 
(see Expt. E). We have obtained analogous solid solutions of the magnesium and the 
cadmium salt in ammonium zinc phosphate (Expt. I). 

Ammonium cobalt phosphate monohydrate is stable up to about 110°, but decomposes 
above that temperature and becomes dark blue from loss of ajmmonia and water, so that 
it cannot be obtained anhydrous. At 180° the compound (CoHPOQ,), is formed—the 
polymeric formula being based on the formula which we assign to the monohydrate (see 
Table I) (Expt. J) (see p. 860). 

The Anhydrous Phosphates KM"PO,.—The anhydrous potassium phosphates of cobalt 
and zinc are the only two members of this class obtained nearly pure from aqueous solutions 
(Expt. K). In appearance they resemble the ammonium compounds, but the cobalt 
compound does not glow on ignition. Neither of these compounds had previously been 
obtained by wet methods, but both of them, and the corresponding compounds of 
magnesium, manganese, nickel, copper, and cadmium, had been prepared by fusion methods 
(Grandeau, Ann. Chim. Phys., 1886, 8, 193; Ouvrard, ibid., 1889, 16, 289; Compt. rend., 
1888, 106, 1729). The nickel compound forms yellow prisms, and the copper salt is 
greenish-blue. The colours of these anhydrous compounds are such as would be expected 
if the whole of the bivalent metal were contained in a complex anion. 

The dark blue colour of the cobalt compound has been shown to be due to anionic 
cobalt by electrical experiments similar to those of Donnan and Bassett (J., 1902, 81, 946). 
Similar experiments also showed that the yellow colour of the nickel compound and the 
blue of the copper could be attributed to complex anions containing those metals (Expt. L). 
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Metal Hydrogen Phosphates.—Since the glowing on ignition of the ammonium metal 
phosphates appeared to be due to pyrophosphate (Popp, Joc. cit.), the behaviour on ignition 
of compounds of the type MHPO,,«H,0, which yield pyrophosphate, was of some interest. 
The compounds of this class prepared and examined by us are MgHPO,,7H,0; 
MgHPO,,3H,O; MnHPO,3H,0; CoHPO,2H,0; CuHPO,H,O; CaHPO,,2H,0; 
CaHPO,, most of which were obtained during the experiments with pyridine (p. 858) 
(Expt. M). 

The two magnesium compounds had been prepared by Graham (Phil. Trans., 1837, 
127, 47; Annalen, 1839, 29, 24) and by Debray (Compt. rend., 1861, 52, 44; 1864, 59, 40; 
Bull. Soc. chim., 1864, 2, 11; Ann. Chim. Phys., 1861, 61, 419). Debray’s compound, 
MgHPO,,4:5H,0, is probably a mixture of the hepta- and the tri-hydrate. The manganese 
compound was prepared by Heintz (Pogg. Ann., 1848, 74, 449), Bodeker (Annalen, 1849, 
69, 206), and Debray (loc. cit., 1861), and the last also prepared CoHPO,,H,O. Neither 
CoHPO,,2H,O nor CuHPO,,H,O has been previously recorded. 

Since it is difficult to get the desired phosphate, and details of preparation recorded 
in the literature are frequently insufficient, we have given particulars of the methods 
found to give good results in the case of all the hydrogen phosphates referred to above. 
It is to be noted that only the magnesium compounds glow on ignition, and that the colours 
of the cobalt and copper compounds, which are purple-pink and saxe-blue respectively, 
indicate that the metal is partly kationic and partly anionic (see Table I). Attempts to 
prepare suitable specimens of the monohydrogen phosphates of nickel, zinc, or cadmium 
failed. The two calcium salts were prepared by well-known methods and showed no 
signs of “ glowing ’”’ on ignition. Graham (loc. cit.) described a zinc hydrogen phosphate 
monohydrate, but both we and Heintz (Annalen, 1867, 148, 356) could only obtain 
Zn;(PO).,4H,O by his method. This compound has the appearance (minute silvery 
plates) attributed by Graham to his compound, for which he determined only the loss - 
on ignition (16-18%). 

The Cause of the Incandescence Shown by Some of the Phosphates on Ignition.—The only 
recorded data upon the glowing of phosphates on ignition relate to ammonium magnesium 
phosphate and precipitated magnesium pyrophosphate. The heat evolution and the 
shrinkage observed are consistent with the view that the phenomenon of “ glowing ”’ is 
due to rearrangement and polymerisation of structurally unstable molecules. We have 
established the conditions under which NH,MgPO,,6H,O can be dehydrated without 
ceasing to glow on subsequent ignition (Expt. N), and we have also shown by density 
determinations on the glowed and the unglowed pyrophosphate that a considerable 
diminution of volume occurs during glowing (Expt. O). The results obtained explain 
certain discrepancies in the published densities of magnesium pyrophosphate (cf. Clarke, 
Amer. J. Sci., 1877, 14, 285, and Andersen, J. Washington Acad. Sci., 1914, 4, 318). 
Karaoglanoff and Dimitroff (/oc. cit.) found that ammonium magnesium phosphate failed 
to glow if first of all heated gradually for about 4 hours at lower temperatures. We 
confirmed this by gradually heating the hexahydrate just above 600°. Difficulty was 
experienced, however, in expelling all the water below this temperature, and we therefore 
cannot confirm Miholi¢’s statement (J., 1930, 200) that decomposition of the hexahydrate 
was complete at 480° (cf. Hoffman and Lundell, U.S. Bur. Stand. J. Res., 1930, 5, 279; 
Ellis and Fox, Ann. Reports, 1930, 27, 218). 

The densities of three different types of pyrophosphate have been determined: (a) 
‘“unglowed’’ pyrophosphate from NH,MgPO,,6H,O; (b) “glowed” pyrophosphate 
from NH,MgPO,,6H,O; and (c) pyrophosphate from NH,MgPO,,H,O. The density of 
(a) was 15% less than that of (b) or (c), which only differed by 1%. The slightly lower 
density of (c) probably arises from the fact that, since it has suffered only a feeble glowing 
and no sintering, it is much more porous than the “‘ glowed ”’ pyrophosphate, thus prevent- 
ing complete removal of air. : 

The identity of these two pyrophosphates was also shown by determinations of the 
heat of solution of the three kinds of pyrophosphate in hydrochloric acid (Expt. P). 
Similar measurements with similar results were made also with the cobalt and nickel 
compounds. The experiments, although not of extreme accuracy, sufficed to confirm 
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the density determinations, and to show that the “ unglowed’’ pyrophosphate from the 
hexahydrate is quite different from the glowed pyrophosphate from the hexahydrate or 
the pyrophosphate from the monohydrate, while the last two are identical. There is no 
change of colour when the pyrophosphates glow ; both the unglowed and the glowed cobalt 
compound are pale blue, and both varieties of the nickel compound are pale brownish- 
yellow. In both cases the colours are similar to those of the anhydrous chlorides and 
are, we believe, those characteristic of non-ionic compounds (Bassett and Croucher, Joc. 
cit., pp. 1814—1816). Copper pyrophosphate, obtained from the monohydrated hydrogen 
or ammonium compound, is white, which indicates that it also is non-ionic. 

We submit the following considerations to explain the glowing of pyrophosphates. 

The fully ionic NH, [M(H,O),]"PO,’” yields on gentle heating the non-ionic, uni- 
molecular, pyrophosphate M,P,O,, but on stronger heating this polymerises to (M,P,0-)s, 
identical with the compound formed directly from the complex monohydrate 
[NH,MPO,,H,O}, (see Table I). The incandescence observed is due to the heat evolved 
in this polymerisation. This heat is considerable and can be regarded as indicating a 
severely strained condition in the M,P,0, molecule, due possibly to the initial formation 
of M atoms with co-ordination number 2. We believe that the 2-co-ordinated condition 
of bivalent metals is very unstable, and that polymerisation of the M,P,O, allows the 
formation of an unstrained ring structure in which all the M atoms are 4-co-ordinate. 
The results of the measurements of the heat of solution in hydrochloric acid of the pyro- 
phosphates derived from the hexahydrated ammonium phosphates of cobalt and nickel 
and the corresponding monohydrates are very similar to those found for the magnesium 
compounds (Expt. P). This is important, for one would expect the heat evolution on 
passage from M,P,O, to (M,P,0,), to be of the same order in all cases. The heat evolved 
(in cals. per 2 g.-mols. of M,P,0,) was 13,520, 20,990, and 36,330 for the magnesium, 
cobalt, and nickel compounds respectively. 

It will be realised that the polymerisation of the pyro- and ortho-phosphates dealt 
with in this paper and in Part II, as also the formation of the various complex types of 
phosphate, is in no way a special function of phosphoric acid. It is determined essentially 
by the co-ordinating tendency of the various bivalent metals concerned. Anhydrous 
sodium pyrophosphate is probably an electrovalent compound Na’,P,O,’’”, and there is no 
reason why it should polymerise on heating; it is not at all surprising, therefore, to find 
that, even after strong ignition, it gives rise to “‘ unglowed ” magnesium pyrophosphate 
when dissolved in water and used as precipitating agent for a magnesium salt. The heat 
of solution of the dehydrated magnesium pyrophosphate thus obtained was intermediate 
between that of the “ glowed ’’ and the “‘ unglowed”’ form of Mg,P,0, (Expt. Q), but 
nearer to that of the latter. 

Stages passed through in the Conversion of (NHsMPO,,H,O), into (M,P,0,)..—Expt. J 
indicates that two intermediate stages are passed through when the monohydrates are 
ignited, and that the immediate precursor of (M,P,0,). is MHPO,. The latter must be 
regarded as quadrimolecular, (MHPO,),, if the original ammonium salt is considered to 
have this complexity. 

The faint glowing characteristic of the monohydrates occurs during the decomposition 
of the (MHPO,), stage, for it was found that the (CoHPO,), obtained in Expt. J still 
glowed faintly to about the same extent as the (NH,CoPO,,H,O), from which it had been 
obtained. We suggest that it is due to the process of ring formation from the chain 
structure of the orthophosphate. 

With cobalt, the two intermediate stages have a rather dark blue colour, which, after 
glowing, changes to pale blue. Somewhat similar colour differences are found with nickel. 
It is possible that the intermediate stages correspond to conditions in which the original 
Co(H,O),” kation has become anhydrous, so that they contain a cobaltous ion in 
association with complex chain anions. During the final complete removal of water, this 
ion is drawn into the complex when ring closure occurs. Something similar happens with 
the hexahydrates, for when NH,CoPO,,6H,0 is ignited it does not go directly to Co,P,0, ; 
instead, an intermediate fairly dark blue stage is seen which we suggest is 
Co"[HPO,CoPO,H]”. 
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We attribute the rather dark blue colour of the intermediate stages containing unco- 
ordinated cobalt kations to the dark blue colour of the complex anions completely swamping 
the colour of the red cobalt ions, which is probably much paler than that of [Co(H,O),]”* or 
[Co(H,O),]"*. A similar explanation would hold for nickel compounds. 

Structures of NH,MPO, and KMPO,.—The great instability of monohydrated ammonium 
zinc phosphate with respect to the dehydrated salt shows that, if we are correct in assigning 
the polymeric formula (NH,ZnPO,,H,O), to the former, the anhydrous compound must 
also be not less complex than (NH,ZnPO,),. There is no reason to suppose that it is any 
more complex, but it would be very unreasonable to suppose that, just in the case of zinc, 
a compound (NH,ZnPO,,H,O),, obtainable only at ordinary temperatures, would tend to 
form, at higher temperatures, a less complex form such as (NH,ZnPO,)o, in spite of the 
fact that with all the other ammonium metal phosphates examined the tendency is for 
molecular complexity to increase at higher temperatures—the unimolecular hexahydrates 
giving the quadrimolecular monohydrates. It follows from this that (NH,ZnPO,), already 
has what is really the structure of the “ glowed’ phosphates, and it is thus natural that 
it shows no “ glowing ”’ on ignition. 

The instability of the dark blue anhydrous ammonium cobalt phosphate, and the 
ease with which it passes into the monohydrate at ordinary or higher temperatures (just 
the converse of what happens with the zinc compounds), together with the significant 
fact that it glows intensely on ignition, are sufficient, we think, to show that the cobalt 
compound which appears as an intermediate stage in the formation of (NH,CoPO,,H,O), 
is really (NH,CoPO,),, the anion of which has a structure very similar to that of the 
un-ionised pyrophosphate. It is also under just as much strain, which accounts for the 
difficulty in keeping the compound from passing into the monohydrate having an un- 
strained structure. It corresponds to the (CoHPO,), formed as an intermediate stage 
during the conversion of NH,CoPO,,6H,O into pyrophosphate. The dark blue anhydrous * 
ammonium cobalt phosphate, which forms solid solutions with the anhydrous zinc com- 
pound, is evidently not the same as the above, and must be the quadrimolecular form, 
and, in agreement with this, none of these solid solutions, even those richest in cobalt, 
shows any glow on ignition. The anhydrous potassium metal phosphates are crystallo- 
graphically similar to anhydrous ammonium zinc phosphate, so the quadrimolecular 
formula follows for them also. 

Compounds MHPQ,,«H,0, as a class, on ignition either did not glow at all or only 
very faintly. The magnesium hepta- and tri-hydrates were the only two, of those which 
we were able to prepare and examine, which showed any certain “ glowing,” and even 
this was not comparable with that of hexahydrated ammonium magnesium phosphate, 
but only with that of the monohydrate. Since the magnesium heptahydrate passed 
easily into the trihydrate on heating to constant weight in a steam-oven, the absence 
of intense glowing has to be considered only with reference to the possible structure of the 
latter compound. It appears reasonable to suppose that the low order of glowing of 
this trihydrate is due to its being a polymerised compound, and in fact quadrimolecular, 
just as is NH,MgPO,,H,O. Results reported in Part III of this series have led us 
to the conclusion that the most likely structure for the trihydrate is that shown in 
Table I, one link of the chain anion being formed by two atoms of hydrogen. The hepta- 
hydrate, which easily passes into the above polymeride, has, in all probability, a simple 
structure (Table I). There is little evidence that the phosphate ion tends to hydrate 
in the same way that the sulphate ion does, but it is not unlikely that, under favourable 


conditions, the less symmetrical HPO,” ion [EO>PCO! would tend to form 


[HO PCO? | . The mixedcolours of COHPO,,2H,O and CuHPO,,H,Oare strong 
evidence for their complexity, and the apparent absence of glowing on ignition is best 
explained on the basis of the quadrimolecular formule indicated in Table I. Similar 
formule are adequate to explain the non-glowing of CaHPO,,2H,O and CaHPO,. In the 
latter compound the two calcium kations would have zero co-ordination. 

In Table I are summarised our observations on the orthophosphates which are considered 
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in the present paper. Italics in column 3 indicate that the compound in question is now 


described for the first time. 
TABLE I. 


Metals yielding 
Type of this type 
phosphate. Structural formule assigned by us. of compound. Colour. Behaviour on ignition. 
. Magnesium _ * Glow visible with ease in 
NH,MPO,,6H,O NH,'[M(H,0),]"PO,’” daylight. 
Cobalt Pink Glow visible in dark over Bunsen 


burner. 
Nickel Glow visible in dark over a 
blow-pipe. 


Magnesium : 
KMPO,,6H,O K"[M(H,0),]""PO,’” Nickel Non-glowing. 

+ Glow visible only in the dark 
using finely ground material 
in thinlayers. They all glow 

r m Magnesium _ much less vigorously than the 
NH,MPO,,H,O (NH,’),[M(H,0),)"([PO, M PO, M PO, M PO,j¥!_ ~=Manganese Pale pink members of the hexahydrate 
Cobalt Purple-pink class. The vigour of glowing 
Nickel Greenish-yeliow varies somewhat in the group, 
Copper Greenish-blue the Mn compound showing it 
Cadmium = best, and Cd with most diffi- 
culty. Sudden vigorous heat- 

ing is required in all cases. 
No glowing occurs. Sudden 
oe vigorous heating causes 
fusion before any glowing can 

be seen. 


Zinc 


KMPOQ,,H,O K,(M(H,O),][PO, M PO, M PO, M PO,)¥! Magnesium -— 
Manganese Cream 
Cobalt Purple-pink |The members of this class are 
Nickel Greenish-yellow all non-glowing. 
Copper Turquoise-blue 
Cadmium _ 


[M(H,0).]"*[HPO,,H,O)]” Magnesium _ Glow just visible in the dark 


MHPO,,7H,O over blow-pipe. 


ee H Iv Magnesium _ ” , ” 
MHPO,,3H,0 (M(Hj0)e]s [HPo, MPO, H PO, M PO, H] Manganese Pale pink ) Slight glowing may possibly 
occur in these two cases and 


MHiPO,,2H,O [M(H,0),),"[HPO, M po, 1 po, M PO, H]'Y Cobalt Purple-red J eee ae en See 


Calcium — Non-glowing. 
MHPO,,H,0 (M(H,0),]"M"[ HPO, MPO, po,MPO,H]'Y — Copper Saxe-blue (See Mn and Co, above.) 
H 


MHPQ, M,” [ HPO,M PO, a PO,M PO, |” Calcium — Non-glowing. 


M ”t 
NH,MPO, (Hy. POL dro. | Cobalt Dark blue _ Glow visible in daylight. 
M 
NH,MPO, (NH) PO, Hy s PO, |” Zinc — i non-glowing, but 


ee M PO,M Iv Cobalt Dark blue Non-glowing. 
KMPQ, Ky [ PO, MPO,M PO] Zinc — ” ” 


*These differences, we think, are mainly due to the unpolymerised nickel compounds being much the most stable and having to 
be heated to a higher temperature for polymerisation to occur. 


+ In this case the problem is not so much to heat the compound to a high enough temperature to cause it to glow, as to heat it 
suddenly enough to a temperature sufficiently high for glowing to be possible, The reaction causing the ‘ glowing ’’ occurs so readily 
net * = to take place gradually and at such a low temperature that the rise of temperature produced is insufficient to cause visible 

It will be seen from Table I that there are wide differences in the ease with which the 
‘glowing occurs, and also in its visibility. These both depend essentially upon the rate 
of liberation of heat during the rearrangement of the unstable molecules, 7.e., upon the 
rate at which the rearrangement occurs. This will depend partly upon the individual 
compound concerned, but very largely upon the temperature to which the compound is 
heated, and the suddenness with which this temperature is reached. Fairly rapid 
heating is necessary in nearly all cases, but it needs to be extremely sudden in some. 
It was very difficult to estimate the relative intensities of the glowing, but it was obvious 
that that shown by ammonium magnesium phosphate hexahydrate was much brighter 
than that shown by the monohydrate or the hydrated magnesium hydrogen salt. 


EXPERIMENTAL. 


Analytical Methods.—(1) Determination of magnesium, manganese, cobalt, and zinc. (a) In 
absence of potassium, these metals were precipitated with diammonium hydrogen phosphate 
by standard methods, and weighed as pyrophosphate after ignition. A trace of cobalt remained 
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in solution; consequently this filtrate was saturated with hydrogen sulphide and the resulting 
liquid concentrated until the brown solution cleared. The cobalt sulphide so precipitated was 
filtered off, well washed, and weighed as Co,O, after strong ignition. 

(b) In the presence of potassium, magnesium was separated with 8-hydroxyquinoline, the 
precipitate dissolved in acid, reprecipitated, and weighed as the dihydrate after drying to 
constant weight at 100—105°; the other three metals were precipitated as sulphide. Manganese 
and zinc were weighed in this form, but the cobalt sulphide was dried, ignited, dissolved in 
concentrated hydrochloric acid, and the cobalt precipitated from this solution with ammonium 
phosphate, the filtrate being treated as in (a). 

(c) Cobalt in the presence of zinc was precipitated with a-nitroso-8-naphthol and weighed 
as Co,O,; the two metals were also precipitated together with ammonium phosphate and weighed 
as mixed pyrophosphate. Zinc and magnesium were separated by precipitation with 
diammonium hydrogen phosphate from solution, subsequently made strongly ammoniacal ; 
the liquid was kept hot and well stirred for some time and then kept cold over-night. The 
zinc separated from the filtrate after the excess of ammonia had been removed by evaporation. 
Reprecipitation of the magnesium was necessary, the second filtrate being subsequently added 
to the first. Manganese and magnesium were separated, after removal of phosphoric acid with 
tin and nitric acid, by precipitating the manganese as sulphide and estimating magnesium in 
the filtrate in the usual way. 

(2) Determination of nickel, copper, and cadmium. (a) Nickel was precipitated from 
ammoniacal solution with dimethylglyoxime, the mixture being kept hot for about an hour, and 
then sfanding over-night. Copper was precipitated with sodium thiosulphate and weighed 
as cuprous sulphide. In order to determine cadmium, its slightly acid solution was heated 
to incipient boiling, and hydrogen sulphide passed through until the liquid was quite cold 
(13—2 hours); the precipitate was collected on a Gooch crucible, thoroughly washed with 
water saturated with hydrogen sulphide, dried at 105°, and weighed as cadmium sulphide. 

(b) Cadmium or copper was separated from magnesium as sulphide, the magnesium 
being subsequently precipitated as ammonium magnesium phosphate. Cadmium was also 
separated from zinc by means of hydrogen sulphide. Double precipitation of the cadmium 
sulphide was necessary from solutions containing about 10 c.c. of 2N-hydrochloric acid per 
100 c.c. The zinc was subsequently precipitated as ammonium zinc phosphate. 

(3) Other determinations. Potassium was usually weighed as perchlorate, but in some cases 
as chloride, after removal of heavy metals, by hydrogen sulphide under appropriate conditions, 
and of phosphoric acid, either by the ferric chloride method or by means of tin and nitric acid ; 
the latter was the more satisfactory. Magnesium, if present, was removed with 8-hydroxyquino- 
line, excess of the latter and ammonium salts being removed by ignition. 

Water was estimated together with other volatile constituents by ignition, and ammonia by 
distillation into standard acid. Phosphoric acid was weighed as magnesium pyrophosphate 
after separation by the molybdate method. 


Preparation of the Compounds described in the Present Paper. 


A solution of diammonium or dipotassium hydrogen phosphate was slowly added to a 
solution of magnesium or heavy-metal chloride with stirring. The mixture of precipitate and 
mother-liquor was then kept at room temperature or digested in the water-bath until the 
precipitate became crystalline. (The time required varied within very wide limits.) The 
precipitate was then collected at the pump, and washed with water, followed by absolute 
alcohol and absolute ether. Details of concentration, etc., varied, and are given below for 
each compound. 

Expt. A (Theory, p. 856). The Ammonium Metal Phosphate Hexahydrates, NHs,MPO,,6H,O.— 
(1) Magnesium. This was prepared in the usual way. 

(2) Cobalt. A solution of 3 g. of CoCl,,6H,O in 50 c.c. of water was used. (a) This was added 
to one of 15 g. of diammonium hydrogen phosphate in 450 c.c.; after 12 hours at room temper- 
ature, large pink square-ended prisms had formed (Found: CoO, 27-13; P,O;, 25°67; loss on 
ignition, 47-70. Calc.: CoO, 26-78; P,O,, 25-36; loss, 47-85%). 

(6) The cobalt solution was added to one of 3 g. of ammonium phosphate and 30 g. of am- 
monium chloride in 450 c.c. The precipitate was entirely crystalline as above after 12 hours at 
room temperature (Found: CoO, 26-77; loss, 48-48%). 

(c) As in (b), except that triammonium phosphate was used (Found: loss on ignition, 
48-15%). 
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Method (a) tends to give a product contaminated with NH,CoPO,,H,O. This can be 
avoided by using method (bd) or (c). 

(3) Nickel. Preparation asin (a) above. The compound formed large green prisms (Found : 
NiO, 26-74; P,O;, 25-57; NH;, 6-23; loss on ignition, 48-05. Calc.: NiO, 26-73; P,O,, 
25-37; NH, 6-08; loss, 47-90%). 

Attempted Preparation of Ammonium Manganese, Copper, Zinc, or Cadmium Phosphate 
Hexahydrates—Many attempts were made to prepare these compounds at room temperature 
or at 0°, using widely different concentrations, and with varying amounts of ammonia or 
ammonium chloride added to the ammonium phosphate solution used for precipitation, but 
the product obtained was always the ammonium metal phosphate monohydrate, except with 
zinc, of which the anhydrous compound was produced. 

Expt. B (Theory, p. 856). Preparation of Ammonium Manganese, Copper, Zinc, or Cadmium 
Phosphate Hexahydrates as Solid Solutions in Excess of Ammonium Magnesium Phosphate 
Hexahydrate.—For each experiment 20 g. of diammonium hydrogen phosphate were dissolved 
in about 150 c.c. of water and added to a solution which always contained 3 g. of magnesium 
chloride hexahydrate together with an amount of the other metal chloride required for the 
ratio given in the first column of Table II. The total volume, after mixing, was about 400 c.c. 

Table II summarises the results obtained; the calculated figures under (A) and (B) are 
based on the assumption that the metals other than magnesium are present as hexahydrate 
and monohydrate respectively (or as the anhydrous compound in the case of zinc). 


TABLE II. 


Mol. ratio Mg0/MO Time allowed for Composition, %. 
in the solid analysed. crystn. (mins.). Va ~ 
Manganese. Found. Calc. (A). Calc. (B). 
: 30 49°20 * 51°43 41:30 
(Over-night) 44°31 51-43 41-30 
30 53°35 53°26 49°58 
28°40 28°33 30°43 
12°48 12°76 -— 
5°73 5°75 — 





Copper. 
6°57: 1 ‘ 53°51 53°50 
28°40 28°33 
14:03 13°96 
4°08 4°20 


30 Ss 41°62 50°48 
(Over-night) 40°70 50-48 
30 52°61 53°45 
54°13 54°00 

28°63 28°60 

14:90 15-08 

2-29 2°32 


” 


Cadmium. 
3:3] 41°25 46°31 
6:3 50°32 50°96 
8°62: 1 52°65 52°66 
28°11 27°91 
14:08 14°19 
CdO 5°20 5°25 


* Preparation losing weight at room temperature. 


The results demonstrate that these metals can form ammonium phosphate hexahydrates 
of a similar type to magnesium; the preparations in which both metals were present as hexa- 
hydrate were identical microscopically with ammonium magnesium phosphate hexahydrate. 

Expt. C (Theory, p. 857). The Ammonium Metal Phosphate Monohydrates, NH,MPO,,H,O.— 
Magnesium, manganese, cobalt, nickel, and cadmium compounds were obtained in the usual 
way by mixing hot solutions of diammonium hydrogen phosphate and the chloride of the metal, 
and then keeping the mixtures hot until crystallisation was complete (about 1 hour) All the 
monohydrates form thin rectangular plates of a fair size. 

Copper. This compound could not be obtained by hot precipitation, but was prepared by 
the following method at room temperature. ) 

(a) A solution of 3 g. CuCl,,2H,O in 50 c.c. water added to one of 20 g. diammonium hydrogen 
phosphate in 500 c.c. The precipitate had become transformed into large greenish-blue crystals 





Ammonium Magnesium Phosphate and Related Compounds. 865 


after standing at room temperature for 3 months (Found : CuO, 40-67; P,O;, 36-67; NHsg, 8-86; 
loss on ignition, 22-96. NH,CuPO,,H,O requires CuO, 40-84; P,O,, 36-54; NHsz, 8-74; loss, 
22-63%). 

(b) A solution of 2 g. CuCl,,2H,O in 50 c.c. water added to one of 60 g. of diammonium 
hydrogen phosphate in 500 c.c. The resulting blue solution had deposited small greenish- 
blue crystals after standing at room temperature for 24 hours (Found : loss on ignition, 23-66%). 

Expt. D (Theory, p. 857). Zinc, by Heintz’s method. (a) 3-4 G. of zinc chloride in 100 c.c. 
of water were added to a solution of 15 g. of diammonium hydrogen phosphate and 30 c.c. 
of ammonia (d 0-88) in 300 c.c. After standing at room temperature in an open vessel for 3 
weeks, the microcrystalline deposit which had separated was analysed (Found: ZnO, 43-88; 
P,O,, 37-94; loss on ignition, 18-11. Calc. for 54-77% NH,ZnPO, + 45-23% NH,ZnPO,,H,O : 
ZnO, 43-74; P,O;, 38-14; loss 18-11%). 

(b) As above, except that the mixture stood for 3 months to allow of complete volatilisation 
of the ammonia (Found: ZnO, 45-96; loss on ignition, 14-74. Calc. for NH,ZnPO,: ZnO, 
45-62; loss, 14-57%). 

The ammonium zinc phosphate monohydrate first formed evidently decomposed on standing 
into the anhydrous compound; consequently the following attempt was made to prevent such 
decomposition by rapid removal of ammonia with hydrochloric acid. 

(c) 3-4 G. of zinc chloride in 100 c.c. of water were added to 350 c.c. of solution containing 
15 g. of diammonium phosphate and 25 c.c. of ammonia (d 0-88). Concentrated hydrochloric 
acid was slowly added from a burette with stirring until a permanent precipitate was formed 
in considerable amount.* The mixture then stood cold for 10 mins. (Found: ZnO, 42-02; 
P,O;, 36-50; NHs, 8-61; loss on ignition, 21-92. Calc. for NH,ZnPO,,H,O: ZnO, 41-44; 
P,O,, 36-15; NHg, 8-65; loss, 22-40%). 

The analysis shows the product to be mainly monohydrate. It decomposes into the 
anhydrous compound on standing in contact with its mother-liquor at either 20° or 100° [Found : 
(i) after 1} months at room temperature, (ii) after 3 days on water-bath: loss on ignition, 
(i) 15-58, (ii) 15-19; ZnO, (i) 45-08, (ii) 45-55. Calc. for NH,ZnPO, : loss, 14-57; ZnO, 45-63%]. 

Expt. E (Theory, p. 857). A solution containing 8-8 g. of CoCl,,6H,O and 0-42 g. of zinc 
chloride in 100 c.c. of water was precipitated hot with a solution of 40 g. of diammonium hydrogen 
phosphate in 200 c.c. of water. After being kept hot for 5 days, the precipitate was entirely 
crystalline (Found : CoO, 33-22; ZnO, 6-39; P,O;, 37-22; loss on ignition, 23-20. Calc. for 
5-3NH,CoPO,,H,O + 1-0NH,ZnPO,,H,O: CoO, 33-37; ZnO, 6-39; P,O;, 37-18; loss, 23-04%). 

Expt. F (Theory, p. 857). Potassium Metal Phosphate Monohydrates, KMPO,,H,O.—These 
compounds, when ignited over the Bunsen burner, suffered loss considerably in excess of that 
calculated on the assumption that they were monohydrates. In some cases they were nearly 
dehydrated in an air-oven before ignition, and the total loss was then approximately correct ; 
it seemed probable, therefore, that partial hydrolysis occurred during direct ignition, with 
subsequent volatilisation of the potassium oxide liberated. This was confirmed by comparing 
an analysis of the ignited product with that of the original substance. Potassium cobalt 
phosphate monohydrate was ignited: 0-2992 g. gave 0-2698 g. of residue, which was found to 
contain 37-35% phosphoric oxide. This corresponds to 33-69% phosphoric oxide in the original 
solid, which agrees with the value found directly for the solid before ignition, and also with 
theory for KCoPO,,H,O, showing that the high loss on ignition was not due to loss of phosphoric 
oxide. 

A sample of the potassium nickel phosphate monohydrate after ignition, when the loss of 
weight was 9-46%, contained potassium oxide equivalent to 20-98% in the fresh compound, 
while a determination made on the compound which had not been ignited gave a value of 
22-26%, in agreement with theory. This shows that the high losses on ignition are really due 
to loss of alkali. 

The methods of preparation and analyses of the several compounds are shown below : 

Magnesium. A solution of 6 g. of magnesium chloride hexahydrate in 50 c.c. of water was 
added to 300 c.c. of solution containing 30 g. of dipotassium hydrogen phosphate and 30 g. of 
potassium chloride. After 3 days at 60—70°, the phosphate had become crystalline (Found : 
K,O, 26-59; MgO, 22-55; P,O;, 40-36; loss on ignition, 10-73. KMgPO,,H,O requires K,O, 
26-69; MgO, 22-86; P,O,, 40-24; loss, 10-20%). 

Manganese. 5 G. of MnCl,,4H,O in 50 c.c. of water were added to 250 c.c. of solution 
containing 100 g. of dipotassium hydrogen phosphate. 2 G. of hydroxylamine hydrochloride 


* The pg of the liquid was 8°5—9; it was still distinctly ammoniacal. 
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were added to prevent oxidation, and the mixture was kept at 60—70° for 15 hours (Found : 
K,O, 22-73; MnO, 34:27; P,O;, 34:31; loss on ignition direct, 9-68; loss on partial dehydration 
in air-oven and then ignition, 8-77. KMnPO,,H,O requires K,O, 22-72; MnO, 34-29; P,O;, 
34-29; loss, 8-69%). 

Cobalt. (a) 3G. of CoCl,,6H,O in 50 c.c. of water were added to 200 c.c. of solution contain- 
ing 100 g. of dipotassium hydrogen phosphate. The mixture stood at room temperature until 
the blue precipitate had become purple-pink and crystalline (at least 3 months) (Found: K,O, 
21-55; CoO, 35-57; P,O;, 33-74; loss on direct ignition, 9-82; loss on partial dehydration and 
then ignition, 8-56. KCoPO,,H,O requires K,O, 22-31; CoO, 35-53; P,O,, 33-64; loss, 8-53%). 

(b) A similar cobalt chloride solution was added to 600 c.c. of solution containing 
300 g. of dipotassium hydrogen phosphate. The monohydrate is quickly deposited in the 
crystalline condition at room temperature from the blue solution so obtained (Found: CoO, 
35-72; P,O;, 33-53; loss, 10-14%). 

Nickel. 3G. of the hydrated chloride in 50 c.c. of water were added to 250 c.c. of solution 
containing 20 g. of dipotassium hydrogen phosphate and 20 g. of potassium chloride; after 
2 days at 60—70° the precipitate had become crystalline (Found: K,O, 22-26; NiO, 35-10; 
P,O;, 33°85; loss on direct ignition, 9-46; loss on ignition after partial dehydration, 9-26. 
IKKNiPO,,H,O requires K,O, 22-34; NiO, 35-44; P,O;, 33-69; loss, 8-54%). 

Copper. 4G. of the chloride dihydrate in 50 c.c. of water were added to 300 c.c. of solution 
containing 200 g. of dipotassium hydrogen phosphate. After 4 days at 60—70° the precipitate 
was entirely crystalline (Found : K,O, 21-65; CuO, 36-97; P,O;, 32-83; loss on ignition, 8-39. 
KCuPO,,H,O requires K,O, 21-83; CuO, 36-91; P,O;, 32-92; loss, 8-35%). 

This compound is pale blue; the residue after ignition is pale green. 

Cadmium. 4 G. of cadmium chloride in 50 c.c. of water were added to 350 c.c. of solution 
containing 250 g. of dipotassium hydrogen phosphate. After 1 day at 60—70° the precipitate 
was entirely crystalline (Found: K,O, 17-59; CdO, 48-69; P,O,, 27-04; loss on ignition, 6-62. 
KCdPO,,H,O requires K,O, 17-80; CdO, 48°55; P,O;, 26-84; loss, 681%). 

Zinc. Potassium zinc phosphate monohydrate could not be prepared. Attempts under 
the conditions utilised in the preceding cases resulted in the formation of either the anhydrous 
salt or an amorphous precipitate. Precipitation in the cold gave either the anhydrous phosphate 
or, when small quantities of dipotassium phosphate in large dilution (2 litres) were used, the 
tetrahydrate of trizinc phosphate. 

The potassium metal phosphate monohydrates all form thin, more or less rectangular, 
plate-like crystals, which scintillate exactly like the corresponding ammonium compounds 
with which they are almost certainly isomorphous. 

Expt. G (Theory, p. 858). Potassium Metal Phosphate Hexahydrates, KMPO,,6H,O.— 
Magnesium and nickel. These two compounds can readily be prepared by the addition, at 
room temperature, of a solution of 40 g. of dipotassium hydrogen phosphate in 100 c.c. of water 
to one containing 3 g. of the appropriate hydrated chloride in 200—300 c.c. After standing 
for about 10 days at room temperature, the precipitate becomes completely crystalline. The 
magnesium compound (Found: K,O, 16-90; MgO, 15-13; P,O;, 26-78; loss on ignition, 41-30. 
Calc. for KMgPO,,6H,O: K,O, 17-68; MgO, 15-13; P,O;, 26-65; loss, 40-53%) formed fair-sized 
prisms, showing some geniculate twins, while the nickel compound (Found: K,O, 15:39; NiO, 
24:77; P,O;, 23-80; loss on ignition, 36-24. KNiPO,,6H,O requires K,O, 15-66; NiO, 24-84; 
P,O5, 23-61; loss, 35-91%) was obtained as aggregates of large prismatic crystals of indefinite 
shape. 

When the above method was applied to manganese, potassium manganese phosphate 
monohydrate was obtained; with cobalt and copper, the original amorphous precipitates 
persisted indefinitely, and zinc gave an amorphous precipitate which sometimes changed into 
the crystalline anhydrous potassium zinc phosphate. Cadmium yielded complex crystalline 
products which are discussed in Part III (p. 881). 

Expt. H (Theory, p. 858). Anhydrous Ammonium Cobalt Phosphate——A solution of cobalt 
chloride on the addition of diammonium hydrogen phosphate gives a bulky pale pinkish or 
bluish amorphous precipitate changing slowly on gentle warming into a dense compound of 
a royal-blue colour, which is then readily converted into ammonium cobalt phosphate mono- 
hydrate. This second change appears to occur more readily than the first, which makes it 
almost impossible to isolate the dark blue compound in a pure state. The first change cannot 
be completed before the second has begun if one uses more than about 0:5 g. of hydrated cobalt 
chloride, and half this amount is better. The besi conditions for the isolation of the dark blue 
compound depend upon two factors: (1) only a small amount of diammonium hydrogen 
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phosphate, not more than twice the calculated quantity, should be used, a large excess tending 
to promote the formation of the monohydrate ;,, (2) excess of ammonium chloride exercises a 
stabilising influence on the blue compound. 

Many unsuccessful attempts were made to isolate the compound in a pure condition under 
these conditions. On the rare occasions when a comparatively pure specimen was obtained, 
it decomposed on washing with hot water; washing with hot 5% ammonium nitrate solution 
(to supply the stabilising ammonium ion), followed by hot absolute alcchol, was tried, but 
failed. 

One of the most successful attempts was made as follows: 25 C.c. of solution containing 
0-21 g. of hydrated cobalt chloride and 1 c.c. of N-hydrochloric acid were precipitated with 
1-5 g. of diammonium hydrogen phosphate, dissolved in a small amount of hot water. When 
kept hot, the pale blue amorphous precipitate quickly became dark blue and was then rapidly 
filtered off, washed several times with hot water, and pressed between smooth-surfaced, rather 
hard filter-paper. (Considerable change into the thin plates of the monohydrate occurred 
during the treatment.) It was then placed in a weighed crucible and dried to constant weight, 
after which the loss on ignition was 19-4%. The preparation therefore contained almost 
exactly equal parts of hydrated and anhydrous ammonium cobalt phosphate. In spite of this, 
it showed strong glowing and shrinking—easily seen in daylight—on ignition over the Bunsen 
burner. It follows that the pure dark blue anhydrous phosphate must glow very strongly on 
ignition, since the monohydrate is almost non-glowing. 

Expt. I (Theory, p. 858). Solid Solutions in Ammonium Zinc Phosphate of the Corresponding 
Magnesium, Cobalt, and Cadmium Salts.—These were all prepared by adding a solution contain- 
ing 3-4 g. of zinc chloride and an appropriate amount of the chloride of the other metal in 
100 c.c. of solution to one containing 15 g. of diammonium hydrogen phosphate in 200 c.c. of 
solution. The temperature of the solutions was 90—100°, and the total volume after admixture 
about 300 c.c. The precipitate was filtered off directly it had crystallised. With the cobalt 
mixtures a ZnO : CoO ratio of less than 5: 1 was insufficient to prevent the visible formation of 
some ammonium cobalt phosphate monohydrate. In Table II, compositions (A) and (B) 
have been calculated on the assumption that the metal other than zinc was present as the 
anhydrous compound and as the monohydrate respectively. 














TABLE III. 
ZnO/MO ZnO/MO 
(mols.) in Composition, %. (mols.) in Composition, %. 
solid analysed. -— — — ~ solidanalysed. + ~ 
Magnesium. Found. Calc. (A). Calc. (B). Cadmium. Found. Calc. (A). Calc. (B). 
35:1 Loss* 15°80 13°37 17°33 10:1 Loss 14°46 14:24 15°00 
(approx.)f 
5°23: 1 MgO 3°74 3°77 — 11°38: 1 CdO 5:77 5°71 _— 
ZnO 39°66 39°77 — ZnO 41°35 41°05 _ 
P.O; 41°36 41°32 40°66 P,O, 39°09 38°97 38°67 
Loss 15:27 15°14 16°54 Loss 14:24 1427 14:95 
Cobalt. Manganese. 
4°94: 1 CoO 7°14 7°12 — 10:1 Loss 14:99 1469 15°46 
ZnO 38°30 38:17 — Copper. 
P.O; 40°10 40°06 39°38 10:1 Loss 14:79 14:59 15°36 
Loss 14°87 - 14°66 16:10 = Nickel. 
10:1 Loss 15°48 1462 15°40 


* Loss = loss on ignition, throughout. 
t The precipitate was kept hot rather long. 


Cobalt and magnesium form anhydrous ammonium phosphates fairly readily, cadmium 
with some difficulty, manganese, copper, and nickel not at all.* 

Expt. J (Theory, p. 858).—When ammonium cobalt phosphate monohydrate was heated 
to 130—140°, rapid decomposition occurred with a loss of about 14%. At the point where 
a total loss of weight of about 14-5% had occurred, the solid remaining had a composition which 
approximated to that required for loss of all the water of crystallisation and half the ammonia ; 
e.g., in one experiment at 130°, after a loss of weight of 14-68% had occurred, the residue 
contained 5-56% of ammonia, while the figures calculated on the above basis would be: loss 
of weight, 13-94; NH, in residue, 5-20%. Beyond this point the rate of loss of weight became 


* This explains the absence of a brown stage (NH,NiPO,) in the precipitation of nickel as 
NH,NiPO,,H,O with diammonium hydrogen phosphate. 
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much slower and only ceased after many days, when all ammonia had been lost and a composi- 
tion corresponding to COHPO, reached. The time required for this at 130° was not determined, 
but 24 days were required at 180° (Found : loss on ignition of residue, 5-83. Calc. for CoHPO, : 
581%). 

Ammonium cobalt phosphate monohydrate was also heated in concentrated ammonium 
nitrate solution to temperatures ranging from 200° to 240° to see if the large excess of ammonium 
ion would stabilise the anhydrous ammonium cobalt phosphate, but if the monohydrate was 
heated for only 1 hour, decomposition was incomplete, while heating for 3 hours caused almost 
complete conversion into cobalt hydrogen phosphate. 

Expt. K (Theory, p. 858). Anhydrous Potassium Metal Phosphates. Preparation of Cobalt and 
Zine Salis.—20 C.c. of a solution containing 0-7 g. of the metal chloride were added to a solution of 
14 g. of dipotassium hydrogen phosphate in 40 c.c. of water, and the mixture was kept hot 
(over a small flame) for 1—2 hours until the precipitate had become dense and crystalline. 
A few pink crystals of normal cobalt phosphate octahydrate were visible in the cobalt prepara- 
tion (Found : CoO, 39-28; K,O, 22-47; P,O;, 36-39; loss on ignition, 1-47. Calc. for KCoPQ, : 
CoO, 38-86; K,O, 24-35; P,O,, 36-77%), and account for the loss of water on ignition. The 
zinc preparation probably contained a little unchanged amorphous material (Found: ZnO, 
40-86; K,O, 21-67; P,O;, 35-41; loss on ignition, 1-68. Calc. for KZnPO,: ZnO, 40-78; 
K,O, 23-61; P,O5, 35-60%). 

The compounds both appear as aggregates of small prisms. The cobalt compound has a 
royal-blue colour, is not easily hydrated, and is much more stable than the corresponding 
ammonium compound. Its formation with dipotassium hydrogen phosphate would justify 
the assumption, even if other evidence were lacking, that the dark blue compound similarly 
produced with the diammonium salt should be formulated as NH,CoPQ,. 

The other anhydrous potassium metal phosphates were obtained (in slightly impure condition 
owing to loss of potassium oxide) by ignition of the corresponding hexa- or mono-hydrates. 

Expt. L (Theory, p. 858).—Addition of cobalt chloride solution to a concentrated solution 
of dipotassium hydrogen phosphate (1 g. in 2 c.c. of water) produced a deep blue liquid. The 
mixture was kept at 70° for a short time after the addition of sufficient cobalt chloride solution 
to cause some anhydrous potassium cobalt phosphate to separate. This was removed, leaving 
a fine blue solution. A U-tube, immersed in cold water, similar to that described by Donnan 
and Bassett (loc. cit.), contained the heavier blue solution, prepared as described, in the lower 
part, and the lighter colourless dipotassium hydrogen phosphate solution above. The boundaries 
were quite well defined and could be easily marked. The distance between the electrodes was 
about 28 cm., and the P.D. across them was 33 volts. The boundary of the blue layer had 
moved 1-4 cm. towards the anode in 4 hours. The blue solutions obtained with copper and 
diammonium and dipotassium hydrogen phosphates gave similar results. Nickel gave a 
greenish-yellow colour with dipotassium hydrogen phosphate, somewhat similar to that 
obtained from the chloride and concentrated hydrochloric acid, which also travelled towards 
the anode. The colour produced was probably due to the presence of green nickel kations and 
brown anions. Cobalt and nickel did not give solutions with diammonium hydrogen phosphate 
of sufficient stability for use in this manner. 

The results justify the ascription of these various colours to complex anions containing the 
bivalent metals. 

Expt. M (Theory, p. 859). Preparation of Compounds, MHPO,,xH,O.—A solution containing 
1 mol. of pyridine and 0-5 mol. of phosphoric acid per litre was prepared and used as precipitating 
agent, sometimes supplemented by additional pyridine. Crystallisation of the precipitates 
took 3—16 days at room temperature, coarsely crystallised products being then obtained. The 
fu Of most of the pyridine mixtures from which compounds were obtained was about 5. In 
the following four cases 12 g. of the hydrated metal chloride dissolved in a small amount of 
water were added to 420 c.c. of the pyridine—phosphoric acid solution. In the preparation of 
the magnesium compound (* = 7) an additional 100 c.c. of pure pyridine were added, and in 
that of the corresponding trihydrate an additional 50 c.c., and water to a total volume of 
1200 c.c. 

In the preparation of the manganese compound (x = 3), 10 g. of hydroxylamine hydrochloride 
were added to prevent oxidation. The magnesium compound (¥ = 3) was obtained after 
2 days’ digestion in the water-bath of the mixture in a loosely stoppered bottle; the other three 
compounds were obtained at room temperature. 

The cobalt preparations were not quite pure. The presence of a small amount 
of Co,(PO,),,8H,O is indicated in Prepn. I, and Prepn. II might contain some 
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Composition, %. 








Compound and appearance. pe ~ 
MO. P,O;. Loss on 
MgHP0O,,7H,O. ignition. 
Long prisms. Found 17°04 — 54°66 
Calc. 16°39 ~- 54°79 
MgHPO,,3H,0O. 
Large diamond-shaped rhombs, Found 22°98 40°82 35°62 
Calc. 23°17 40°72 36°12 
MnHP0O,,3H,0. 
Very fine, large, flesh-coloured prisms, truncated Found 34°79 34°82 30°72 
to give six-sided plates. Calc. 34°63 34°63 30°73 
CoHPO,,2H,0O. 
Aggregates of small purple-red plates. Found 
Prepn. I 40-06 36°48 23°55 
a = 40°86 37°59 22°18 
Calc. 39°27 37°18 23°56 


2CoHPO,Co,;(PO,),,4H,O, which has not itself been obtained, though the corresponding 
manganese and cadmium compounds have. 

No hydrogen phosphates of nickel, copper, zinc, or cadmium could be obtained by the 
pyridine method. Nickel gave no precipitate at room temperature, and the hot solution gave 
the normal phosphate; copper gave on heating a basic phosphate. Zinc gave, both hot 
and at room temperature, Zn,(PO,),,4H,O, while cadmium gave, either hot or cold, 
2CdHPO,,Cd;(PO,).,4H,0. 

Copper. This monohydrated compound was obtained by crystallisation from phosphoric 
acid solution. 62 G. of copper carbonate (found by ignition to be equivalent to 42 g. of oxide) 
were added to 135 g. of phosphoric acid (d 1-75) dissolved in 200 c.c. of water. The resulting 
mixture was well stirred until evolution of carbon dioxide ceased, and heated for 3days. The 
compound formed rosettes of prisms (Found : CuO, 44-80; P,O;, 40-20; loss on ignition, 15-41. 
CuHPO,,H,O requires CuO, 44°82; P,O;, 39-98; loss, 15-20%); its colour is saxe-blue. 
Although it has not been described before, yet the corresponding arsenate has (Debray, Compt. 
vend., 1861, 52, 44; Ann. Chim. Phys., 1861, 61, 419). 

Cadmium. This compound could not be prepared from phosphoric acid solution. 73 G. of 
cadmium phosphate (B.D.H., precipitated) were dissolved in 135 g. of hot phosphoric acid 
(41-75). The mixture was diluted to 500 c.c. and kept on the water-bath for 24 hours. Although 
the py of the solution was less than 3, the compound produced was 2CdH PO,,Cd,(PO,).,4H,O (see 
Part III). The crystals obtained from more highly acid solutions were hydrolysed to this 
compound if washed with water, so they were washed with phosphoric acid (1 part of acid, d 1-75, 
to 2 parts of water), the excess of which was then removed by means of acetone. Analysis of the 
compound so prepared showed it to be essentially CdH,(PO,),,2H,O (cf. de Schulten, Bull. 
Soc. chim., 1889, 1, 472). 

The stability of dicadmium phosphate is small and only to be determined by phase-rule 
methods, which lay outside the scope of the present investigation. 

Expt. N (Theory, p. 859).—The electric furnace was heated to the temperatures stated and 
known weights of NH,MgPO,,6H,0O (loss on thorough ignition, 55-21%) were heated for definite 


periods. 


Temp. of Period of heating Loss of wt. of Temp. of Period of heating Loss of wt. of 
furnace. at this temp., hrs. phosphate, %. furnace. at this temp., hrs. phosphate, %. 
510° 4 54°06 600—620° 2—2} 55°22 
550 4 54°62 660—670 4—5 55°22 
570 6—8 54°49 
570 N 54°36 
580 1} 54°47 
All the above preparations glowed on subsequent Neither of these two preparations glowed on 
ignition. ignition. 


It was concluded from these results that it was not pcssible to drive off the water completely 
and obtain a product which would still glow on ignition. All the preparations of unglowed 
magnesium pyrophosphate used for density determinations and for thermochemical measure- 
ments (see below) were obtained by placing the above phosphate in the electric furnace previously 
heated to 580° and maintaining it at that temperature for }—1 hour. Slight polymerisation 
may have occurred even under these conditions, The small amount (about 0-7%) of residual 


3M 
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water introduces an uncertainty in the density and thermochemical determinations for which 
it is impossible to make any allowance. 

Expt. O (Theory, p. 859). Density Determinations of Magnesium Pyrophosphate.—These 
were made with about 1 g. of solid in a 10-c.c. specific-gravity bottle. The liquid used was 
alcohol, as it was found that the non-glowed pyrophosphate was attacked somewhat by water 
during the boiling necessary to expel air. 

The densities of three different types of pyrophosphate were determined : (a) “‘ unglowed ” 
pyrophosphate from NH,MgPO,,6H,O; (b) “‘ glowed’ pyrophosphate from NH,MgPO,,6H,0O ; 
(c) pyrophosphate from NH,MgPO,,H,O. 


Pyrophosphate. Density found. 
(a) 2°572; 2°529; 2°572; mean 2°558 
(b) 3°038; 3°036; mean 3-037 
(c) 3°006; 3°005; mean 3-006 


Each density determination was made on a separately prepared sample. 

Expt. P (p. 859). Heat of Solution of Pyrophosphates.—The rise of temperature produced by 
solution of a known amount of pyrophosphate in 50 c.c. of concentrated hydrochloric acid was 
measured, a Dewar flask being used as calorimeter. The ‘‘ glowed”’ pyrophosphates only dissolve 
with difficulty, and for this reason the experiments were performed at 70°. Even then $ hour 
was required for solution of the “‘ glowed”’ magnesium and nickel compounds, though the 
“‘ unglowed ”’ pyrophosphates dissolved readily. 


TABLE IV. 
Series I. Water equivalent of apparatus, 46 calories. 
Phosphate Rise of Diff. between Calc. rise of Heat evolution (cals.) 
used. temp. per ‘“‘ glowed’’ and Sp. heatof temp. when due to 2 g.-mols. 
g. of solid, ‘“‘unglowed’’ ‘“ glowed’’ “ glowing”’ M,P,O, 
and average. phosphate. phosphate. occurs.* polymerising. 
“* Unglowed ”’ 2-98° 
Mg,P,0,, 2°90 | 2-95° 
from hexa- 2°95 | — ve 
hydrate. 2°97 
** Glowed ”’ 1-98 . 
(MgaP,Or)y 1-97 5 a oe oF na = 
rom hexa- , ' “86° ‘ ° 
ee a 42-26 } 229 0°66 0-30 101 13,520 
(Mg,P,0,)2, 1-92 1:96 ste — = —_ 
from mono- 72°00 
hydrate. 2°36 : : 
42-30 | 233 0°62 — ~ — 


Series Il. Water equivalent of apparatus, 45-5 calories. 


** Unglowed ”’ 1°37 
Co,P,0,, 1-28 
from hexa- 1°35 
hydrate. 

“* Glowed ”’ 

—_ 01). 

rom hexa- 
hydrate. 

(Co,P,0;)s, 

from mono- 

hydrate. 

Unglowed ”’ 

Ni,P,O,, 

from hexa- 

hydrate. 

** Glowed ”’ 

Ni,P,O,)., 1-06 1-06 1°37 0°27 231 36,330 
om hexa- 
hydrate. 

(Ni,P,O;)2, 1-03 ° ° 
from mono- 1-00 1-02 1-41 
hydrate. 
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In Series II the specific heats of the “ glowed” phosphates were determined by adding 
2 g. at the ordinary temperature to 50 c.c. of water at 70°. In Series I they were obtained by 
making two measurements of the heat of solution, in one of which phosphate at 20° was added 
to acid at 70°, while in the other the phosphate as well as the acid had been heated to 70°. 

The “‘ glowed ”’ (Ni,P,O,). was prepared by gradually heating the hexahydrated ammonium 
nickel phosphate to 700° and keeping it at that temperature for 12 hours. If heated more 
strongly, it dissolved too slowly. All the other polymerised pyrophosphates were obtained 
by heating over a Bunsen burner, followed by short ignition over the blowpipe. Unglowed 
magnesium and nickel pyrophosphates were prepared as in Expt. N. Since cobalt 
pyrophosphate polymerises at a comparatively low temperature (470°), a temperature not 
exceeding 430° must be used. 

Owing to the difficulty in removing all water without causing some polymerisation, the 
heat liberated on solution of the ‘‘ unglowed ” pyrophosphates will be lower than the correct 
values and will give a low value for the heats of polymerisation. 

Expt. Q (Theory, p. 860).—Magnesium pyrophosphate was prepared by mixing solutions of 
sodium pyrophosphate and magnesium chloride. The gelatinous precipitate, after being 
washed successively with water, alcohol, and ether, was not free from sodium [Found: MgO, 
23-44; P,O,, 43°35; loss on ignition, 30-10; Na,O (by diff.), 3-11. MgO/P,0; = 1-9]. It 
glowed on ignition, and the intensity of the glow did not alter whether the sodium pyrophosphate 
used had been prepared at 300° or at 800°. 


THE UNIVERSITY, READING. [Received, March 14th, 1932.] 





211. Studies of Phosphates. Part II. Orthophosphates of the Type 
M,(PO,),,7H,0. 


By Henry Bassett and WILLIAM L. BEDWELL. 


In the course of the experiments on ammonium magnesium phosphate (preceding paper) 
some normal phosphates of the above type were obtained. Since these compounds un- 
expectedly showed the phenomenon of “ glowing” when ignited, we have prepared and 
examined a number of them (Expt. A). They are by no means easy to obtain in a satis- 
factory crystalline condition, owing partly to their insolubility, coupled with the slowness 
with which crystallisation occurs, and partly to the numerous other compounds which may 
result from small alterations in experimental procedure. Few are recorded in the 
literature. 

We have prepared Mg,(PO,),,22H,O; Mg;(PO,).,8H,O; Co,(PO,).,8H,O0; 
Cos(PO,).,4H,O; Nis(PO,),,8H,O; Zng(PO,)..4H,O. All glow on ignition, with the 
exception of the zinc compound. The octahydrates of the cobalt and nickel phosphates are 
red and green respectively, indicating that all the metal is kationic, while the cobalt phos- 
phate tetrahydrate is pale blue. The bearing of these facts on possible structures of the 
compounds is discussed later (p. 873). The more highly hydrated magnesium salt was 
prepared and analysed by Stein and Tollens (Amnalen, 1877, 187, 79), and the conditions 
necessary for its formation have been re-examined recently by Zinzadzé (Compt. rend., 1932, 
194, 1498). At ordinary temperatures, it is unstable with respect to the octahydrate, as 
shown by de Schulten (Bull. Soc. min., 1903, 26, 81), though it may remain for long periods 
without change, especially when dry. 

The octahydrate occurs naturally as the mineral “ bobierrite,” and was prepared arti- 
ficially by de Schulten (/oc. cit.). The supposed heptahydrate of Schaffner (Annalen, 1844, 
50, 145) was almost certainly the octahydrate. 

De Schulten (Bull. Soc. min., 1904, 27, 100) could not obtain the octahydrated zinc 
compound, the tetrahydrate (mineral “‘ hopeite ”’) always resulting. Mellor’s statement 
(‘‘ Comprehensive Treatise, etc.,” IV, 658) that the octahydrate was obtained is erroneous. 
We have also failed to obtain it. The tetrahydrate was prepared by Debray (Aun. Chim. 
Phys., 1861, 61, 419) and Heintz (Amnalen, 1867, 143, 356); it was probably Skey’s 
“ pentahydrate ” (Chem. News, 1870, 22, 61). 
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It is doubtful whether the coba/t octahydrate has hitherto been prepared in such good 
crystalline form as ours, if at all; Ephraim and Rossetti (Helv. Chim. Acta, 1929, 12, 1025) 
describe it, but give no details or analysis. They obtained the analogous nickel compound, 
but our method gives a better product. 

We have not succeeded in preparing well-crystallised normal phosphates of manganese, 
copper, or cadmium. The compounds prepared by Heintz (Pogg. Ann., 1848, 74, 449), 
Erlenmeyer and Heinrich (Amnalen, 1877, 190, 191), and by Ephraim and Rossetti (/oc. cit.) 
are in all probability somewhat impure octahydrated manganese phosphate. The last 
authors did not analyse their preparation, as they considered it to be an already well-known 
compound. Debray (loc. cit.; Compt. rend., 1861, 52, 44) claimed to have prepared copper 
phosphate octahydrate, but Ephraim and Rossetti (/oc. cit.) were unable to obtain a normal 
cupric phosphate, and a tricadmium phosphate has never been described. 

Basic Copper Phosphate.—The basic copper phosphate, Cu,P,O,, has been obtained as a 
1-2 and a 1-6 hydrate (Expt. B) under conditions which it was hoped would yield the normal 
phosphate. The first is well crystallised and the second microcrystalline. Both appear to 
be definite compounds; they are green but of distinct shades. The monohydrate, crystal- 
lising in octahedra, occurs as the mineral libéthénite and has been prepared by Debray 
(loc. cit.), and the compound Cu,P,0,,1-5H,O, described by Ephraim and Rossetti (Joc. cit.) 
as a greenish-white microcrystalline (‘‘ little rods ’’) powder, may have been the same as our 
Cu,P,0,,1-6H,O. 

These basic phosphates are clearly very complex, but we think there are several distinct 
compounds rather than solid solutions as suggested by Mellor (of. cit., III, 288, 289). The 
production of such basic phosphates of copper is in conformity with the known tendency of 
this metal. 

The Original Amorphous Precipitates—The amorphous precipitate first obtained on 
addition of a soluble phosphate to solutions of salts of the bivalent metals dealt with in the 
present paper are generally supposed to consist of the normal phosphates, M,(PQ,).,xH,O, 
although the final crystalline precipitate may be of the type NH,MPO,,xH,O (cf. Expt. C). 
Crystallisation of the precipitates begins soon after their formation, so that it is certain that 
the products actually analysed had already undergone some change. In view of this fact, 
it is probable that the precipitates initially obtained with magnesium, manganese, cobalt, 
nickel, zinc, and cadmium were the normal phosphates of these metals. 

The fact that the first amorphous precipitate obtained in the operations is essentially of 
the type M,(PO,).,xH,O is of some practical importance in connexion with estimations of 
phosphoric acid or of metals which are based upon precipitation of compounds of the type 
NH,MPO,,xH,0. 

With the magnesium compounds the change to the ammonium type occurs with or with- 
out excess of phosphate, and for this reason, precipitation of ammonium magnesium phos- 
phate works equally well for the estimation of either magnesium or phosphoric acid. This 
is not the case with manganese, cobalt, zinc, or cadmium. In the estimation of these metals 
after precipitation as NH,MPO,,xH,O (« =0, with zinc) crystallisation is facilitated by using 
a considerable excess of diammonium hydrogen phosphate. A small excess of the latter and 
much ammonium chloride serves equally well and is preferable in some ways, since excess of 
ammonium phosphate is not always easy to remove by washing. If there is an excess, not 
of phosphate, but of metal, then it is very difficult to get these heavy-metal phosphates to 
crystallise, but it can be done if sufficient ammonium chloride is used. Ishibashi (Mem. 
Coll. Sci. Kyoto, A, 1929, 12, 23) has worked out methods for estimating phosphoric acid as 
ammonium manganese or zinc phosphate, but the original amorphous precipitates will not 
become crystalline unless the ratios NH,Cl/MCIl, in the solutions are at least 75 and 50, 
respectively, whereas for precipitation as ammonium magnesium phosphate it need not be 
greater than 7. 

The heat evolution of the normal phosphates on *‘ glowing ”’ was determined by the 
same method as employed for the pyrophosphates in Part I: per g.-mol. of Mg(PO,)s, 
it was very similar to that liberated per g.-mol. of the corresponding M,P,0, (Expt. D). 

Structures of Phosphates of the Type M,(PO,),.—It is clear from the general similarity with 
respect to glowing which exists between the orthophosphates and the pyrophosphates that 


se ’ 























Orthophosphates of the Type M,(PO,),,*H,O. 873 


the structures of both “ glowed ” and “‘ unglowed ” orthophosphates must be intimately 
related to those of the corresponding pyrophosphates. 

Instead of the glowed orthophosphates of cobalt and nickel having the non-ionic colours 
of the pyrophosphates, they are respectively purple-red, and greenish-yellow, rather like 
(NH,MPO,,H,O),, which indicates that the bivalent metal is partly kationic and partly 
anionic. The unglowed anhydrous orthophosphates of the same two metals are similarly 
much too blue and brown to have a purely non-ionic structure according to our views. The 
colours are, in fact, more like those of compounds containing only anionic cobalt or nickel, 
but definitely more purple and green respectively, as is seen readily on comparison with the 
royal-blue and brown preparations of (KCoPO,), and (KNiPQ,),, obtained by dehydration 
of the hexa- or mono-hydrates. 

Our explanation of these facts is that the unglowed orthophosphates have the structure 
M| PO, Mt 
having a structure almost identical with that of the non-ionic M,P,O, (see Part I) except 
that two PO,’” groups take the place of the P,O,'Y group. On glowing, this compound 

| Iv 

passes into M,"| M POM PO! M| , in which there are two M™ kations and one complex 
quadrivalent anion. This anion is related to the neutral molecule (M,P,0,), in precisely 
the same way as the anion [M,(PQ,),]’’ is related to the neutral M,P,0,. On this basis the 
reason for the mixed colour of the polymerised orthophosphates is at once clear. It is not 
so clear, however, why the unglowed orthophosphates do not have the same obvious mixed 
colour. We can only suggest that, although the unco-ordinated M” ion is red (cobalt) or 
green (nickel), its colouring power is weak compared to that of the same ions when hydrated, 
so that it is the much more intensely coloured anions which chiefly determine the colour of 
the unglowed orthophosphates. In the glowed orthophosphates, however, there are two 
kations for one anion, and the former are able to exert a marked effect on the colours of the 
compounds. 

Mg;(PO,),,22H,O can be obtained in large crystals and shows in a striking way the effect 
of the size of particles on the character of the ‘‘ glowing” which occurs on ignition. The glow 
of these large crystals is seen with difficulty in the dark, whereas the incandescence of the 
finely ground substance is visible in ordinary daylight. A similar relationship holds for 
the finely divided amorphous cobalt phosphate and its crystalline octahydrate. 

The red and green colours of the octahydrated cobalt and nickel phosphates indicate that 
all the metal is kationic. The structure [(H,O),Co(H,O),Co(H,O),Co(H,O),.]"4(PO,’”’), 
enables all the metal atoms to have a co-ordination number of 4. Such linkage of 
metal atoms in polynuclear kations through water molecules has already been assumed by 
Bassett and Croucher (J., 1930, 1784). Direct experimental proof that it can occur 
has been obtained recently (Bassett and Sanderson, J., 1932, 1855). In the 22-hydrated 
magnesium compound we seem to have a somewhat similar structure in which the three 
magnesium atoms are 6-co-ordinated, the co-ordination being partly to double water 
molecules as so frequently appears to occur with magnesium. 

Zinc phosphate tetrahydrate resembles the compounds (NH,MPO,,H,O), of Part I in 
crystalline form. It is obtained, as are they, in glittering rectangular plates, and in view of 
the marked tendency for the zinc phosphates to be of condensed types, we assign to it a 
structure in which the kation is the same as that present in the octahydrated trimetal 
phosphates, while the anion is that present in compounds of type (NH,MPO,,H,O),. The 
cobalt tetrahydrate certainly belongs to an entirely different type, since it is a “ glowing ” 
form. Its crystalline form is unlike that of the zinc compound, and its pale bluish colour 
suggests that it is a non-ionic form. 

There are several interesting points in connexion with the amorphous normal phosphates. 
It is sometimes considered that the water content of such products is entirely indefinite, but 
we cannot subscribe to that view in the present case, although we admit that adsorption and 
the presence of considerable amounts of secondary products in admixture cause the analyti- 
cal figures to deviate considerably from those of pure compounds. When allowance is made 
for this, it is clear that the amorphous precipitates were essentially of the type 


” 
PO, | , in which one M atom is kationic with zero covalency, the complex anion 











874 Bassett and Bedwell: Studies. of Phosphates. Part II. 


M,(PO,).,.xH,O, except for copper (see p. 872). The indications are also that the 
degree of hydration of the normal compounds is definite, but varies from case to case. 
For magnesium and cobalt it was very close to that of the known crystalline octahydrates, 
but for both manganese and nickel it was near to that required for a dodecahydrate. 
Such compounds of these metals are unknown in the crystalline condition. Other 
manganese preparations appeared to be mixtures of 6- and 7- or 6- and 8-hydrates. The 
zinc and cadmium precipitates appear to be tetrahydrates, corresponding to the known 
crystalline hydrate of the former. The case of cobalt is interesting. It might have been 
expected that the amorphous octahydrate would correspond to the crystalline octahydrate, 
but it was the wrong colour. This puzzled us greatly till we found that the dry powder, after 
being kept for about ten months in corked specimen tubes, had become pink—just like the 
crystalline octahydrate—and with very little change in its water content (Expt. C). We 
conclude from this that the pale blue amorphous octahydrate is a non-ionic isomeride of the 
pink octahydrate into which it slowly turns. This change sometimes appears to be quite 
rapid, and occasionally a pink amorphous tricobalt phosphate seems to be precipitated 
directly. 
EXPERIMENTAL. 


The analytical methods employed were the same as in Part I. 

Expt. A (Theory, p. 871). The Normal Phosphates, M;(PO,).,.*+H,O.—Magnesium (x = 22). 
This forms large rhombohedral plates. The method of preparation given in the literature is 
satisfactory. 

Magnesium (x = 8). This hydrate is formed when the foregoing hydrate is left in contact 
with the mother-liquor. This change usually begins after about a fortnight and is complete in 
about 5 weeks. The octahydrate retains its water when heated to 100°. It formed small radial 
aggregates of minute prisms which seemed as though they would have had the diamond shape, 
characteristic of the other octahydrates, had they been formed under more favourable conditions 
[Found: after 3 weeks, H,O, 40-26; after 5 weeks, MgO, 30-04; H,O, 37-00. Calc. for 
Mg,(PO,)2,8H,O : MgO, 29-74; H,O, 35-38%]. 

Cobalt (x = 8). This forms diamond-shaped crystals which are pink when small and red 
when large enough; it is stable at 100°. It was obtained by the following four methods, the last 
two giving larger crystals. 

(a) 3G. of cobalt chloride hexahydrate in 50 c.c. of water were added to 10 g. of dipotassium 
hydrogen phosphate dissolved in 400 c.c. of water; the mixture was heated until the precipitate 
became dark blue (5—10 minutes), and was then set aside over-night [Found : CoO, 44-38; 
P,O;, 27°53; H,O, 28-18. Co3(PO,),,8H,O requires CoO, 44-03; P,O;, 27-79; H,O, 28-08%]. 
If the heating is too prolonged, conversion of the dark blue crystals (KCoPQ,) into pink normal 
phosphate is slow and may take some days; the use of only 5 g. of dipotassium hydrogen 
phosphate avoids this. 

(b) As in (a), but the potassium phosphate was replaced by 10 g. of crystallised disodium 
hydrogen phosphate. 

(c) A similar cobalt solution was added to 50 g. of disodium hydrogen phosphate dissolved in 
500 c.c. of water; the mixture stood at room temperature for six months with frequent shaking. 

(d) 4-8 G. of cobalt chloride in solution were added to 3-6 g. of dipotassium hydrogen phos- 
phate and 40 g. of potassium chloride dissolved in 2 litres of water; the mixture stood cold for a 
month with frequent shaking. 

Attempts made to obtain the other normal phosphate octahydrates by the above methods 
were unsuccessful owing to the original amorphous precipitate failing to crystallise, except in the 
case of zinc, in which either anhydrous potassium zinc phosphate or normal zinc phosphate 
tetrahydrate was obtained. 

Cobalt (x = 4). This compound was obtained as pale blue rosettes of thin prisms in the 
course of the experiments with pyridine (see Part I, Expt. M). The data of a second experiment 
(b) are given in parentheses. (a) 3-2 (12-0) G. of crystallised cobalt chloride dissolved in 150 
(280) c.c. of water were added to 350 (420) c.c. of the pyridine—phosphoric acid mixture men- 
tioned in Expt. M. Crystallisation of the precipitate was complete after 3 days’ heating on the 
water-bath in each case [Found : (a) CoO, 51-58; P,O;, 33-08; H,O, 15-74. (b) CoO, 51-63; 
P,O,, 33:16; H,O, 15-47. Calc. for Cos(PO,).,4H,O : CoO, 51-25; P,O;, 32-35; H,O, 16-40%]. 

Nickel (x = 8). This was also obtained by the pyridine method in the form of fair-sized, 
green, diamond-shaped rhombs. Initially the solution was quite clear, the crystals only separ- 
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ating slowly as the pyridine evaporated. A mixture was prepared by adding a solution of 12 g. 
of nickel chloride hexahydrate in 580 c.c. of water to 420 c.c. of the pyridine—phosphoric acid 
mixture. Crystallisation of the precipitate was complete after 4 days’ heating on the water-bath 
[Found : NiO, 43-25; P,O;, 27-73; H,O, 28-68. Calc. for Ni;(PO,),,8H,O : NiO, 43-92; P,O,, 
27°84; H,O, 28-28%]. 

The octahydrates glow under precisely similar conditions and to about the same degree as the 
corresponding NH,MPO,,6H,O compounds (Part I, Table I). 

Zinc (x = 4). This was obtained by the pyridine method as large, thin, rectangular plates. 
The precipitate obtained by adding 290 c.c. of solution containing 3-4 g. of zinc chloride to 
210 c.c. of the pyridine—phosphoric acid mixture became completely crystalline after 4 hours’ 
heating on the water-bath. We append for comparison analyses of the same compound prepared 
by Graham’s method (loc. cit.) (supposed to give ZnHPO,,H,O, see Part I, p. 859) and by 
de Schulten’s method (loc. cit.) : 

ZnO, %. P,O;, %- H,O, %. 


Prepared by pyridine method  ..............s00+ 53°41 31°36 15°97 
a », Graham’s method .............0e006 53°31 31°17 16°23 
as ,, de Schulten’s method ............ 53°12 — 16°37 

Calc. for Zng(PO,)s,4HyO — ......ccccrsecccccceceee 53°30 30°99 15°71 


Expt. B (Theory p. 872). Basic Copper Phosphate, CuyP,0,,4H,O.—(l) = 1-2. This 
hydrate was obtained as large rectangular prisms, bottle-green in colour, by the pyridine method. 
12 G. of copper chloride dihydrate in 580 c.c. of water were added to 420 c.c. of the pyridine— 
phosphoric acid mixture, and after 3 days’ heating on the water-bath the precipitate was 
completely crystalline (Found : CuO, 65-89; P,O;, 29-87; H,O, 4:35. Cu,P,O,,1-2H,O requires 
CuO, 66-06; P,O,, 29-46; H,O, 448%). 

(2) + = 1-6. Small aggregates of minute green crystals were obtained when a solution con- 
taining 7-2 g. of crystallised disodium hydrogen phosphate in 3-5 litres of water was added to one 
of 7-5 g. of copper sulphate crystals in 4 litres of water, and the mixed solutions kept for a month 
at room temperature (Found : CuO, 65-09; P,O;, 28-91; H,O, 5-80. Cu,P,O,,1-6H,O requires 
CuO, 65-09; P,O,, 29:03; H,O, 5-89%). The colour of this compound is quite distinct from that 
of the foregoing hydrate—there is much less yellow mixed with the green. It is not a question 
of the size of the crystals, for when the large crystals of the first hydrate are ground, the difference 
still remains. 

Expt. C (Theory, p. 872). The Original Amorphous Precipitates——The precipitates were 
obtained in the cold by mixing solutions of the metal chloride with twice the amount of phosphate 
calculated for M,(PO,),. They were washed with water, followed by alcohol and ether, as in our 
standard procedure with crystalline preparations. 

Magnesium. 12 G. of hydrated chloride in 400 c.c. of water were used with 400 c.c. of 
disodium hydrogen phosphate solution, since the precipitate crystallised too rapidly if 
ammonium phosphate was used (Found: MgO, 27-51; P,O;, 33-67; loss on ignition, 39-82%). 
MgO: P,O, = 2-90: 1. The composition approximates to that of Mg,(PO,).,8H,O. 

Manganese and copper. 6 G. of the hydrated chlorides dissolved in 400 c.c. of water were 
used, and an equal volume of diammonium hydrogen phosphate solution. 

The analytical data for the manganese salt were : 


MnO, %. P,O;,%. Loss on ignition, %. Mol. ratio, MnO/P,O,. 


DE octassscintinens 34°46 23°78 41°72 2°90 
Pa re ee 44°94 30°15 24°74 2°98 
»  (Na,HPO, used)......... 44:03 29°74 25°91 2-96 
Calc. for : 
Mn,(PO,),,12H,O ............ 37°27 24°88 37°85 — 
Mn,(PO,),,7H,O — ......-.000+ 44°29 29°53 26°20 — 
Mn,(PO,).,6H,O _ .........+.. 46:00 30°67 23°32 — 


The copper salt gives a molecular ratio CuO/P,0, = 3-63 (Found: CuO, 53-45; P,O,, 
26-30; loss, 20-62%; CuO: P,O,; = 3-63: 1). 

Cobalt. (a) 5 G. of crystallised chloride in 300 c.c. of water were mixed with 300 c.c. contain- 
ing twice the calculated amount of diammonium hydrogen phosphate and 10 c.c. of 2N-hydro- 
chloric acid [Found : CoO, 40-89; P,O;, 29-87; H,O, 29-19. Calc. for Co,(PO,).,8H,0 : CoO, 
44-03; P,O;, 27-79; H,O, 28-18%]. (b) As for manganese, but disodium hydrogen phosphate 
was used (Found: CoO, 43-54; P,O;, 28-62; H,O, 27-86%). All the precipitates were light 
blue. After 10 months in corked specimen tubes, preparations (a) and (b) had become pink and 
then contained 28-63 and 26-32% H,O. 
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Nickel, zinc, and cadmium. If twice the calculated quantities of diammonium hydrogen 
phosphate were used, the precipitates crystallised so rapidly that the amorphous stage could not 
be isolated. If only two-thirds of the calculated amount were used, isolation was possible ; 
otherwise the conditions of precipitation were much the same as in the case of manganese and 
copper. Analyses relate to the three metals respectively (M = Ni, Zn, or Cd). 

50°50 61:21 
30°30 24°11 
19°62 15°44 

2°91 2°81 


A solution of 5 g. of cadmium chloride in 100 c.c. of water was mixed with one containing 
55 g. of sodium phosphate dodecahydrate. The mixture (600 c.c.) was heated on the water- 
bath for one hour: the precipitate was then microcrystalline [Found: CdO, 68-96; P,O,, 
25-51; loss on ignition, 4-19; Na,O (by diff.), 134% ; CdO/P,O, = 2-99]. 

These figures disagree with de Schulten’s statement (Bull. Soc. chim., 1899, 1, 472) that 
2CdH PO,,Cd,(PO,).,4H,O resulted when a solution of disodium hydrogen phosphate was added 
to a hot solution of cadmium chloride or sulphate, but as he gives no details of the concentrations 
used, it was not possible to repeat his conditions. 


Experiment D (Theory, p. 872). 


Diff. between Calc. rise * of Heat evolution 

Rise of temp. “ glowed’’ & Sp. heatof temp. when due to 2 g.-mols. 

per g. solid “unglowed’”’ “ glowed’? “ glowing’’ M,(PO,), poly- 

Phosphate used. and average. phosphate. phosphate. occurs. merising (cals.). 
“ Unglowed ”’ a 

Mg;(PO,), 


*“ Glowed ”’ 
[Mg3(PO,)2]2 

“ Unglowed ”’ 
Co;(PO,), 

** Glowed ”’ 
[Cos(PO4)2]2 

‘* Unglowed ”’ 
Ni,(PO,), 

** Glowed ”’ 
[Nig(PO,) 2] 

* Rise in temperature = (Diff. between “ glowed ’’ and “ unglowed ’’) (Water equivalent) /(Specific 
heat of glowed phosphate). Water equivalent of apparatus, 45°5 calories. The ‘‘ glowed ’’ samples 
were obtained by heating over a Bunsen burner, followed by short ignition over the blowpipe. 


3°77° 


3°28 , 101° 


G0 G0 60 00 O 


_- 
Oo OSPR HN 
18 =ASS SAI90mw 


1°40 


0°98 


SoH 


1°45 0°25 264 48,310 


Details of preparations. 


Compound Phosphate used Temp.andtime Loss of water, %, Loss of water on ignition, 
“* unglowed.”’ for prepn. of heating. after heating. % of original solid. 


Mg;(PO,). Mg;(PO,),,22H,O 550° for 1} hours 59°44 60°13 
Co,(PO,), Co,(PO,),,8H,O 550° ,, ,, 28-40 28°63 
Ni,(PO,), Ni,(PO,),8H,O 560° ,, ,, 27°54 28°44 


SUMMARY. 


1. Improved methods are given for obtaining several orthophosphates of the type 
M,(PO,).,xH,O in a crystalline condition. 

2. The nature of the amorphous precipitates which are first formed has been examined. 

3. These compounds “ glow” on ignition in the same way as do the pyrophosphates 
M,P,O, considered in Part I. 

4, The heat evolution is closely similar in amount for the ortho- and the pyro-phosphate 
of the same metal. 

5. Two new hydrates of Cu,P,O, have been obtained. 

6. The glowing of the orthophosphates can be accounted for satisfactorily in a similar 
manner to that used for the pyrophosphates in Part I. 


THE UNIVERSITY, READING. [Received, March 14th, 1932.) 




















Bassett and Bedwell: Studies of Phosphates. Part III. 877 





212. Studies of Phosphates. Part III. Some Complex Orthophos- 
phates of Sodium and a Bivalent Metal, and Some Orthophosphate 
Solid Solutions. 


By Henry Bassett and WILLIAM L. BEDWELL. 


THE action of sodium phosphate on solutions of salts of those bivalent metals with which 
the present paper deals is no doubt essentially similar to that of ammonium or potassium 
phosphates. Owing to the greater solubility imparted by the sodium, and the tendency 
of the latter to form hydrated ions, compounds can, however, be obtained by its use, which 
either have no counterpart or are at least more difficult to obtain when using the other 
two phosphates. Some of these compounds are peculiar, and raise considerable difficulties, 
owing to a marked tendency for solid solutions to be formed. All of them are well 
crystallised. 

Nickel and zinc chloride solutions in the cold yielded respectively NaNiPO,,7H,O 
and a compound which approximates to NaZnPO,,H,O, and from hot solutions the 
anhydrous zinc and cadmium analogues were obtained (Expt. A). The last two compounds 
had been prepared by Ouvrard (Ann. Chim. Phys., 1889, 16, 289; Compt. rend., 1888, 106, 
1729) by fusion of sodium phosphate with the metallic oxide. 

Magnesium chloride from hot solution yielded square prisms of a new compound 
Na,MgH(PO,), or NaMgPO,,Na,HPO, (Expt. B). By the action of magnesia in the 
cold on sodium dihydrogen phosphate solution, Schrécker and Violet (Annalen, 1866, 140, 
229) obtained the compound NaMgPO,,9H,O. Manganese gave small plates of a compound 
corresponding closely to the formula Na,MnH(PQ,),, but differing sufficiently to show 
that this formula did not give a correct representation of the substance. The several 
preparations could be represented as solid solutions of varying compositions based on ° 
the two constituents NaMnPO, and Na,HPQ, (Expt. C). 

Copper gave rosettes of nearly rectangular greenish-blue plates, which could be 
represented very closely by a formula 5NaCuPO,,2Na,HPO,. Cadmium gave acicular 
crystals of composition, in different preparations, ranging from 5NaCdPO,,Na,HPO, to 
7NaCdPO,,Na,HPO,. Cobalt yielded purplish-blue, nearly square prisms, which corre- 
sponded to the formula 2Na,HPO,,Co,(PO,),,8H,O (Expt. D). None of the above curious 
compounds of magnesium, manganese, copper or cadmium appears to have been obtained 
before, but the sodium nickel and the sodium cobalt compound were prepared by Debray 
(Compt. rend., 1864, 59, 40; Bull. Soc. chim., 1864, 3, 11), who gave no details of the 
preparation and no analysis. 

The green colour of NaNiPO,,7H,O indicates that the nickel is entirely kationic. 
The difference in the degree of hydration of the sodium and the potassium salts (see Part I, 
p. 857) is undoubtedly due to the much greater tendency for the sodium ion to be hydrated. 
We know of no statistical evidence to suggest that the phosphate ion ever carries a water 
molecule in the same way as the sulphate ion does. There is reason for supposing that 
a monohydrated sodium ion is unstable with respect to an ion [Na(H,O),Na]’, in which 
the two water molecules are shared (Bassett and Sanderson, J., 1932, 1855). For the 
above reasons the most likely structure for the compound appears to be that shown in 
Table I. On ignition, this passes into 

° Ni PO, Ni ey 
Na, |P Os Ni PO, Ni PO, | 
with the same brown anion which is present in the ignited “ glowed ”’ [Ni,(PO,)], (Part II, 
p. 873). We have not been able to detect any “ glowing on ignition,’”’ presumably because 
loss of water and polymerisation occur at too low a temperature. 
The structure of NaZnPQ,,H,O is at present uncertain. We suggest 


4 Zn PO, Z Iv 
[Na (H,0), Na], | PO, = Po! ~~ PO, | 


rather than the structure assigned to (NH,ZnPO,,H,O), (Part I, Table I) because (a) the 
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crystal forms are quite different and (b) the sodium salt is much more stable than the 
ammonium salt ; at ordinary temperatures it appears to have no tendency to lose its water. 

The crystalline form of the anhydrous sodium zinc and cadmium phosphates appears 
to be rather different from that of the potassium compounds (Part I, p. 868). Neither of 
them glows on ignition, but owing to the ease with which they melt, this is of no diagnostic 
value. 

The compound Na,MgH(PO,), was formed under sufficiently varied conditions to 
establish its definite entity. It is well crystallised, as are the compounds NaZnPOQ, and 
NaCdPQ, and also the solid solutions containing manganese, copper, or cadmium, which 
can be written xNaMPO,,yNa,HPO,. In their mode of origin all these substances appear 
to be closely related, and, after carefully considering other possibilities, we have come 
to the conclusion that the magnesium salt is best formulated as in Table I. 


TABLE I, 
Metals pies this 
type o' pound. Colour Behaviour 
(New compounds of the on 
Type of phosphate. Structural formula assigned by us. in italics.) phosphate. ignition.* 


NaMPO,,7H,O [Na (HO), Na” [M(H,0),]," [PO,),”” Nickel Green N-g. 
Na,MH(PO,), Na,'[ PO,M PO, ff PO, M PO, |" Magnesium _ t 


—" Na,’ [ PO. M Po! M PO,| Codeaium me 


pink tinge 
#NaMPO,,yNa,HPO, Na,’M” [PO, M PO, M PO, M PO,)V! Copper Greenish-blue 


White with 
Solid solutions Solid solutions of Manganese — 
in Na,'| PO, M PO, Hi PO,M PO, |" Cadmium oe 


Solid solutions of Solid solutions of 
c PO,,M,(PO,),,12H,0 3(M(H,0),]"" [Po, MPO, H PO,M Po,] vi ) 


and Cadmium 


2K,HPO,M,(PO,)2,4H,0 in Ky’ (M (H,0),]" [PO, M PO, }] POM po,]""| 
2Na,HPO,,M,(PO,).,8H,O 4{Na (H,O),]" M" [ Po, M po, PO,M PO, |”! Cobalt Purplish-blue —t 


Pale yellowish- N.-g. 


Manganese pink 


2MHPO,,M,(PO,)2.4H,O [M (H,0),]" M,” [ PO, M po, 8 PO,M PO, |“ pie te 
a — -"f- 


* N.-g. = non-glowing; ¢ denotes that phosphate melts at a temperature below which glowing usually occurs. 


The manganese, copper, or cadmium solid solutions originate from structures correspond- 
ing to the above by simultaneous replacement of the two hydrogens and two sodium ions 
by the corresponding bivalent ion in the manner shown in Table I. The greenish-blue 
colour of the copper solid solution is in favour of the view that some of the copper is 
kationic and some anionic. 

So long as there is a reasonable proportion of the constituent containing hydrogen 
present, the other constituent remains stable in the chain form, but when all hydrogen 
has been replaced, the bivalent metal ion becomes 4-co-ordinate, and ring closure follows 


with formation of 
; MPO,M os 
Na, | PO, MPO!M PO, | 

Expt. A shows that NaMPO, or (NaMPO,), really is the final product of the replacement 
action, and the crystalline form appears to be definitely different from that of Na,MgH(POQ,), 
or the solid solutions. 

Although under suitable conditions potassium cadmium phosphate monohydrate is 
definitely formed by interaction of potassium phosphate and cadmium chloride (Part I, 
Expt. F), yet products of variable composition but of well-crystallised character are 
obtained under other conditions (Expt. E). 

These solid solutions can be formulated in a similar manner to the sodium compounds 
just considered, with the results shown in Table I. 

The compound which is generally and conveniently written as 2Na,HPO,,Co,(PO,).,8H,0 
is by far the most striking of the complex orthophosphates containing sodium. At first 
we were inclined to regard it as [Na (H,O),],° [H PO, Co PO, Co PO, Co PO, HF”, in which 
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all the cobalt was in the anion. Two objections can be urged against such a structure, 
however : first, the colour of the compound is definitely too purple for one in which the 
cobalt is entirely anionic, and secondly, the above structure does not emphasise the close 
relationship which probably exists between the blue compound and the solid solutions 
just previously considered. A close relationship seems indicated by the similarity in the 
methods by which they are obtained. 

For these reasons we consider that the most likely structure for the compound is the 
one shown in Table I, with an anion of the same type as that already postulated for the 
solid solutions containing manganese, copper, and cadmium. Our reason for supposing 
that the whole of the water is associated with the sodium and none with the cobalt kation 
is mainly that the colour is not as red as would have been expected had [Co (H,O),]”* been 
present (cf. Bassett and Croucher, J., 1930, 1796). We suppose the cobalt ion to have a 
weak colouring power in comparison with [Co (H,O),]°. The colour is much more akin 
to that of the ignited normal phosphate, which we have formulated as 


Co," | PO, a Po! ws PO,| (Part II, p. 873). 
The complex sodium salt is distinctly bluer than the ignited normal phosphate, which 
agrees well with the above formule since it would only contain one cobalt kation as com- 
pared with two in the ignited phosphate. 

Phosphates of the Type 2MHPO,,M,(PO,),,4H,O.—Two representatives of this interest- 
ing type of complex phosphate—the manganese and the cadmium compound—were ob- 
tained in a well-crystallised form during our experiments with pyridine mixtures (Expt. F). 
Both of these were previously known (Ephraim and Rossetti, Helv. Chim. Acta, 1929, 12, 
1025). The second appears to have been originally obtained by de Schulten (Bull. Soc. 
chim., 1889, 1, 472), though, in the absence of precise experimental details, we were not , 
able to get his result (see Part II, Expt. C). 

Ephraim and Rossetti’s compound 2-5CuO,P,0,,3H,O (loc. cit.) may well have been 
slightly impure 2-5CuO,P,0,,2-5H,O, 7.e., 2CuHPO,,Cu,(PO,),,4H,O, corresponding to the 
above manganese and cadmium compounds. 

It is clear that these compounds must be given a similar structure to that assigned to 
the blue sodium cobalt compound and this is given in Table I, which summarises the com- 
pounds and solid solutions considered in the present paper. The structures there given 
are certainly not the only ones which might be put forward. They appear to us to account 
for all the known facts more satisfactorily than any others we have been able to devise. 
Our justification for proposing any structures lies in the fact that some theory is necessary 
to enable one to link up and correlate such complicated compounds which, though obviously 
closely related, are yet apparently so diverse. Complexes containing four atoms of 
phosphorus appear to play a very important part in the chemistry of the phosphates of 
bivalent metals. Crystallographic examinations of a number of the compounds dealt 
with in the present papers are being made and it is hoped to be able to make X-ray 
examinations also. 

EXPERIMENTAL. 


Bivalent metals and phosphate were determined asin Part I. Sodium in our earlier analyses 
was weighed as sulphate after removal of other metals and phosphate as there described. In 
the later analyses sodium estimations were done by the zinc uranyl acetate method, which gave 
excellent results. Heavy metals were removed by hydrogen sulphide, and phosphoric acid by 
magnesia mixture, only a small excess of the latter being used; the triple sodium salt was 
precipitated directly in the filtrate from the ammonium magnesium phosphate. This method 
saves much time and gives much better results than the earlier one, as it avoids the tedious 
filtration of the ferric or stannic phosphate precipitates. In the analyses of phosphates con- 
taining only magnesium, zinc, or cadmium in addition to sodium, removal of the phosphate 
alone was required before precipitation of the sodium. 

It was essential in all cases to carry out a blank estimation with the same amounts of reagents 
as had been used in the main experiments. 

Losses on ignition were often somewhat high owing to volatilisation of alkali (cf. Part I, 
p. 865). 
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Expt. A (Theory, p. 877). Sodium Metal Phosphates, NaMPO,,*H,O.—Nickel (% = 17). 
Solutions containing 50 g. of crystallised disodium hydrogen phosphate in 300 c.c. of water and 3 
g. of nickel chloride hexahydrate in 50 c.c. of water were mixed at room temperature. The pre- 
cipitate changed in five days to large green double pyramids. The ignited compound is 
brown [Found: NiO, 24-46; P,O,;, 23-24; loss on ignition, 42-06; Na,O (by diff.), 10-24. 
NaNiPO,,7H,0O requires NiO, 24-68; P,O,, 23-46; Na,O, 10-24; loss, 41-63%]. 

Zinc (x = 1). Solutions containing 3-4 g. of zinc chloride in 100 c.c. of water and 50 g. of 
disodium hydrogen phosphate crystals were mixed and kept at room temperature, the total 
bulk being 600 c.c. After 23 days the precipitate formed crystalline, irregular tetrahedra, 
distinct from the hexagonal prisms of the anhydrous salt. The monohydrate appears to persist 
indefinitely at room temperature, though on the water-bath it is unstable with reference to the 
anhydrous compound. In a second preparation only half the above quantity of zinc chloride 
was used in a total volume of 500 c.c., the other conditions being the same [Found: ZnO, (1) 
39-22, (2) 39-71; Na,O, (1) 15-06,* (2) 14-95 +; P,O,, (1) 35-29, (2) 35-71; loss on ignition, 
(1) 11°94, (2) 11:00. NaZnPO,,H,O requires ZnO, 40-42; Na,O, 15-40; P,O;, 35°27; loss, 
8:94%]. The high loss on ignition may be partly due to loss of alkali, as in other cases, but 
the analyses also indicate the formation of solid solutions, the constituents of which are at 
present uncertain. 

Zinc (x =0) and cadmium (x = 0). Solutions containing 200 g. of disodium hydrogen 
phosphate dodecahydrate and 3-4 g. of zinc chloride in 100 c.c. or 5 g. of cadmium chloride in 50 
c.c. were mixed and placed in 500-c.c. stoppered bottles. These were completely filled and were 
heated in water-baths for 2 and 6 days respectively. Both compounds form small, six-sided plates, 
which appear to belong to the hexagonal system and are quite unlike the more or less rectangular 
plates of the monohydrates of the ammonium and the potassium series (Found, for zinc salt : 
ZnO, 44:30; Na,O, 16-68; P,O;, 38-91; loss onignition, 0-70. Calc. for NaZnPO,: ZnO, 44:38; 
Na,O, 16-90; P,O;, 38-72%. Found, for cadmium salt: CdO, 55°12; Na,O, 13-62; P,O,, 
30-93; loss on ignition, 0-35. Calc. for NaCdPO,: CdO, 55-73; Na,O, 13-46; P,O,;, 30-85%). 
It is interesting to compare the results of the above cadmium experiment with that in Expt. C, 
where the heating was only maintained for a few hours. 

Expt. B (Theory, p. 877). Compounds of the Type Na,MH(PO,)..— Magnesium. This was 
prepared by two somewhat different procedures. It formed square prisms and was quite 
homogeneous, and its individuality cannot be doubted. (a) Solutions containing 6 g. of the 
hydrated chloride and 200 g. of crystallised disodium hydrogen phosphate were mixed and 
diluted to fill a 300-c.c. stoppered bottle, then heated in a water-bath for one day. (b) As in 
(a), but with 400 g. of sodium phosphate in a total volume of 450 c.c. with 9 days’ heating 
[Found : MgO, (a) 14-27, (b) 14-15; Na,O, (a) —, (b) 32-53; P,O;, (a) 49-88, (b) 49°81; loss on 
ignition, (a) 4:13, (b) 4:18. Na,;MgH(PO,), requires MgO, 14:21; Na,O, 32-71; P,O;, 49-93; 
loss, 3-16%]. The high loss on ignition was clearly due to volatilisation of sodium oxide. The 
compound can be formulated as NaMgPO,,Na,H PO, and is closely related to the solid solutions 
described in the next experiment. 

Expt. C (Theory, p. 877). Solid Solutions of the Type xNaMPO,,Na,HPO,.—By the 
same methods that were used in preparing the foregoing compound, manganese, copper, and 
cadmium yielded crystalline preparations which appeared to be perfectly homogeneous, but 
could not be represented by any simple formula. 

Manganese. (a) As in (a) above, from 6 g. of hydrated chloride to which 10 g. of hydroxyl- 
amine hydrochloride were added to prevent oxidation, and with a total solution volume of 
400 c.c. (b) As in (6) above, but with 6 g. of manganese chloride, 12 g. of hydroxylamine hydro- 

chloride, and only 7 days’ heating. (c) As in (b), but nearly a month’s heating. 


Loss on 
Analysis. MnO, %. Na,O, %. P,O;, %. ignition, %. 
(4) FOUR  ..ccccccccccccccccccscvcccccescccces 23°86 28°46 * 44°83 3°22 
Calc. for 1:15NaMnPO,,Na,HPOQO, ...... 23°96 28°64 44:79 2°64 
rrr rT 23°32 29°10 tf 44°87 3°19 
C6) BOUIN sciccceicsrccsscss, cascresesececes 23°37 28°74 ft 45°11 3°22 
Calc. for 1:°075NaMnPO,,Na,HPQ,...... 23°27 29°07 44°94 2°74 
NaMnPO,,Na,HPO, requires ............ 22°54 29°53 45°08 2°86 


* Weighed as Na,SO, after separation of manganese and of P,O, by tin and nitric acid. 
¢t By zinc uranyl acetate method. 





* By tin and nitric acid method; weighed as sulphate. 
+t By zinc uranyl acetate method. 
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Copper. (a) 6G. of the hydrated chloride in 50 c.c. of water and 400 g. of sodium phosphate 
were mixed (volume 450 c.c.) and heated for 12 hours in a water-bath. (b) As in (a), but with 
200 g. of sodium phosphate and 11 days’ heating [Found : CuO, (a) 33-60, (b) 33-58; Na,O, 
(a) —, (b) 23-79; P,O;, (a) 41-67, (6b) 41-73; loss on ignition, (a) 1-81, (b) 1-62. Calc. for 
2-5NaCuPO,,Na,HPO,: CuO, 33-37; Na,O, 23-41; P,O;, 41-70; loss, 151%]. 

Cadmium. (a) Solutions of 5 g. of cadmium chloride in 50 c.c. of water and 200 g. of sodium 
phosphate were mixed and the mixture (500 c.c.) heated for one hour in the water-bath. (b) As 
in (a), but the volume was 400 c.c. and heating was continued for 3 hours. 


Loss on 
Analysis. CdO, %. Na,O, %. P,O,, %. ignition, °%. 
POD GAD sccesisstssacsscupsmpsesenssssencnes 49°72 16°47 32°58 1-71 
Calc. for 5NaCdPO,,Na,HPQ,............ 49-60 16°77 32°92 0-71 
PE Wiki sidissiniccisacnrniccnecioaseisscansonia 51°47 15-70 32°67 0°72 
Calc. for 7NaCdPO,,Na,HPQ, _.......... 51:22 15°90 32°37 0°51 


Expt. A showed that after long heating in favourable circumstances the end product of this 
series of solid solutions is NaCdPOQO,. 

Expt. D (Theory, p. 877). The Compound 2Na,HPO,,Co,(PO,),,8H,0.—Solutions of 6 g. 
of cobalt chloride hexahydrate and 200 g. of sodium phosphate were mixed and the solution 
(400 c.c.) heated in a stoppered bottle in a water-bath for a month. A small amount of silica 
and unchanged amorphous matter was easily removed from the dense, dark blue, nearly 
square prisms [Found: CoO, 28-75; Na,O, 15-84; P,O;, 36-18; loss on ignition, 20-32. 
2Na,HPO,,Co,(PO,),,8H,O requires CoO, 28-30; Na,O, 15-60; P,O;, 35-72; loss, 20-38%]. 

Expt. E (Theory, p. 878). Solid Solutions containing Cadmium and Potassium Phosphates.— 
(a) Solutions of 3 g. of cadmium chloride in 50 c.c. of water and 40 g. of dipotassium hydrogen 
phosphate were mixed and the mixture (200 c.c.) kept at room temperature for 48 hours; the 
original amorphous precipitate had then become converted into large leafy crystals, which in 
no way gave the impression of being amixture. (b) Asin (a), but the mixture was kept at room | 
temperature for 15 days. (c) 3 G. of cadmium chloride and 300 g. of potassium phosphate in 
a volume of 750 c.c. were kept at room temperature for 3 months. 


Loss on 
Analyses. CdO, %. K,O, 2 P,0,, %- ignition, %. 
’ . 12°57 * ‘ oR 
mn san ie 46-02 { izent f 28-22 14-36 
Calc. for (0°315A +-0°685B) ...........00ee 45°96 12-70 28°01 13°35 
POI Biocsdinnerciniecacccscscssscentsscsiccsvs 45°50 13°48 tf 28°58 14°32 
Calc. for (O-29A+0°71B) ..cccceeeeseeeeees 45°57 13-23 28-15 13-06 
LS ACL DEL TELM 47°27 12-03 t 28-32 13-93 
Calc. for (0°37A +O0°63B) ............se000 46°81 11°55 27°68 13°97 
Calc. for mixture considered below... 47°40 11°89 28°04 12°89 


H 
‘H 


H 
alt 


A = 3(Cd(H,0),]" [ Po, ca po, 2 po, ca PO, |"; 


VI 
B= K*,[Cd(H,0),]" [ Po. ca PO, # po, ca PO, | ; 
* P,O,; removed by ferric chloride method, which we found was liable to give low results for the 
potassium. 
+ P,O,; removed by means of tin and nitric acid. 


The percentage compositions calculated for the mixtures shown above agree very well 
with those found by analysis for (a) and (b), but with (c) there is a serious difference. This 
can be accounted for if one supposes that, during the 3 months’ standing involved in the prepar- 
ation, one-sixth of the solid solution has lost water to form a less hydrated one containing one 
cadmium ion in place of a [Cd (H,O),]*ion. The composition required for such a mixture 
is shown above. 

Expt. F (Theory, p. 879).—The compound 2MnHPO,,Mn,(PO,).,4H,O was obtained as large 
rhombs, coloured faintly brown owing to very slight oxidation, by the pyridine method. 6 G. 
of crystallised manganese chloride and 4 g. of hydroxylamine hydrochloride in 580 c.c. were 
mixed with 420 c.c. of the pyridine—phosphoric acid solution (see Part I, Expt. M). The mixture 
was contained in a loosely stoppered bottle and after 3 hours’ heating in the water-bath crystal- 
lisation of the precipitate was complete [Found: MnO, 48-30; P,O;, 39-26; H,O, 12-96. 
Mn,H,(PO,),,4H,O requires MnO, 48-70; P,O;, 38-96; H,O, 12-34%]. 
2CdHPO,,Cd,(PO,),,4H,O. This compound was prepared in a similar way by mixing 4-5 g. 
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of the metal chloride in 490 c.c. of water with 210 c.c. of the pyridine—phosphoric acid solution : 
3 hours’ heating on the water-bath sufficed to convert the precipitate into large, thick, square- 
ended prisms. The analyses relate respectively to the compound prepared as above and as in 
Part I, Expt. M (Found: CdO, 63-43, 63-89; P,O,, 28-30, —; H,O, 9-07, 8-89. Calc.: CdO, 
63-20; P,O,, 27-96; H,O, 8-86%). 





SUMMARY. 


(1) Several well-defined double orthophosphates of sodium and bivalent metals have 
been prepared, some being new. 

(2) Several series of solid solutions have also been obtained. 

(3) These appear to be closely related, although at first sight very different. 

(4) Their nature has been considered. 

(5) The orthophosphates, 2MHPO,,M,(PO,).,4H,O, which do not contain alkali appear 
to have similar structures to the compounds which form the solid solutions. 


THE UNIVERSITY, READING. [Received, March 14th, 1932.) 





213. Explosions of Mixtures of Hydrogen and Air: The Specific 
Heats of Steam at High Temperatures. 


By G. B. MAXwELt and R. V. WHEELER. 


Ir has generally been held that the “ explosion-pressure ”” method of determining the 
specific heats of gases at high temperatures is the most satisfactory of those at present 
available, despite the fact that it is known to involve certain systematic errors. Of these 
errors, heat-loss due to radiation and pressure-loss due to lack of uniformity of temperature 
of the products of combustion at the moment of maximum pressure have been held to 
be the most serious (see Partington and Shilling, “‘ The Specific Heats of Gases,” p. 119, 
London, 1924). Thorp, however (Phil. Mag., 1929, 8, 829), and, more recently, David, 
Brown, and El Din (ibid., 1932, 14, 764), have suggested that, even when a correction 
can be introduced for heat-losses, a further source of error in the measurement of maximum 
pressure lies in the fact that chemical equilibrium is not attained (7.e., that there is in- 
complete combustion) at the moment of maximum pressure. 

Thorp’s evidence of incomplete combustion rests on the results of series of explosion 
experiments with hydrogen and *‘ atmospheres ” ranging from pure oxygen to a mixture 
of oxygen and nitrogen in the _ 1 to 6-8. Calculations of the apparent specific heats 
of steam at constant volume ovér various temperature ranges (based on the values for 
hydrogen, nitrogen, and oxygen given by Partington and Shilling) showed that: (1) They 
were considerably higher than those accepted by Partington and Shilling for the same 
temperature ranges ; (2) for a given temperature range, the specific heat was higher 
when it was based on the explosion of a mixture containing an excess of oxygen than if a 
mixture containing an excess of hydrogen (giving the same explosion temperature) were 
used ; (3) curves relating the apparent specific heat with the upper limit of the temperature 
range (15° to 7°m) ran nearly parallel for mixtures containing an excess of oxygen or an 
excess of hydrogen; only a slight excess of oxygen was required to give a large increase 
in specific heat. 

Since observations (2) and (3) applied even to mixtures for which the highest explosion 
temperature was about 1950°, dissociation of steam, or error due to extrapolation of 
Partington and Shilling’s values for the specific heats of oxygen and nitrogen, could not 
account for the high values observed; whilst observation (3) ruled out the possibility of 
the specific heat of oxygen at high temperatures being much higher than that of hydrogen. 
Thorp therefore concluded that the chemical process H,+ 40,= =H,O + 57,290 cals. 
takes an appreciable time and is further from completion at the moment of maximum 
pressure when there is excess of oxygen than when there is excess of hydrogen. As 
supporting this conclusion, he cited experiments which suggested that, for a given mixture, 
the maximum explosion pressure, due correction having been made for loss of heat by 
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conduction and radiation, increased with the size of the explosion vessel. He explained 
this effect as being due to the greater time afforded, the larger the vessel, for chemical 
equilibrium to be attained in the bulk of the gases before the maximum pressure was 
attained. 

Thorp’s own experiments on the effect of the size of the explosion vessel appear to 
have been made only with mixtures of carbon monoxide and air (mixtures notoriously 
e uncertain in their behaviour on explosion unless great pains are taken to ensure their 
saturation with water vapour at a constant temperature), but for explosions of mixtures 
of hydrogen and air comparison is made between pressures in a sphere 45-4 cm. in 
diameter and those recorded by other investigators for vessels of smaller size. 

David, Brown, and El Din (loc. cit.) obtained direct comparison of the pressures of 
ir explosions of carbon monoxide and air and hydrogen and air in spheres 15-2 and 45-4 cm. in 
diameter, and measured, by bolometer, the heat lost during their development. For the 
same mixtures, higher pressures were obtained in the larger sphere for which differences 
in the measured amounts of heat lost from the two explosion vessels could not account, 
and it is concluded that they were due to different degrees of completion of combustion 
at the moment when flame had traversed the mixtures. The determinations of the losses 
C of heat by radiation, however, were dependent on the use of a galvanometer, of the torsion- 
string type, having a natural period of vibration of 0-02 sec. (David and Parkinson, 
Phil. Mag., 1933, 16, 177). Since the time of explosion of the more rapidly burning 
hydrogen-air mixtures was less than this, even in the 45-4-cm. sphere, the values recorded 
are of doubtful significance. 


- We have made further measurements (see J., 1928, 15) of the explosion pressures of 
it hydrogen-air mixtures in a sphere 19-7 cm. in diameter using a dead-beat electrical pressure- 
" indicator (partly to meet criticism by Thorp of our earlier work, and partly to check the 
S values recorded by David, Brown, and El Din), from which we have made calculations - 


of the mean apparent specific heats of steam over different temperature ranges, 








d, 
1, EXPERIMENTAL. 
n The mixtures of hydrogen and air were initially at atmospheric pressure and 15°, saturated 
n with water vapour at that temperature. The explosion vessel and the method of experiment 
1- ; were substantially as described in J., 1928, 15. The electrical pressure gauge was designed 

by G. Allsop and H. Lloyd, of the staff of the Safety in Mines Research Board, who are preparing 
n a detailed description of it for publication elsewhere. Briefly, its mode of action is as follows. 
re The pressure produced by the explosion causes the deflexion of a diaphragm of ‘‘ Invar ”’ steel, 
ts 1 clamped at its edges and stretched radially in the manner usually employed in condenser trans- 
- mitters for acoustic measurements. This diaphragm, the natural frequency of which is of the 
: order of 10,000 cycles per sec., forms one plate of a condenser, and the alteration in capacity 
: } of this condenser, resulting from alteration in the distance between its plates due to the deflexion 
‘ of the steel diaphragm, varies the plate-current of a thermionic valve. The changes in this 
” current are recorded by means of an oscillograph. 
® The maximum pressures (P,,) and the times of explosion (/) (intervals between ignition and 
re the attainment of maximum pressure) for a series of mixtures of hydrogen and air are recorded 
re in Table I, P; being the initial pressure. For comparison, Thorp’s values for equivalent mixtures 
n +H, + yO, + 3-9yN,, exploded in a sphere 45-4 cm. in diameter, are included. These are 
e obtained from a smooth curve drawn through experimental points. 
a TABLE I. 
= | Explosions of Hydrogen and Air. Maximum Pressures and Times of Explosion. 
rt Sphere 19°7 cm. Sphere 45°4 cm. Sphere 19°7 cm. Sphere 45-4 cm, 
of diam. diam. (Thorp). diam. diam. (Thorp). 
. Pal Pa, t, Pl Pi, t, Pa/Pi, t, Pm|Pi, i, 
* H,,%. atm. millisecs. atm. _millisecs. H,, %- atm. millisecs. atm. millisecs, 
ee 19°1 6°61 21 6°62 34 33°8 8°07 75 8°20 12 
n 23°4 7°42 13 7°42 21 35°4 7°94 75 8°13 12 
\s 26°45 7°76 ll 7°86 16 39°65 7°66 75 7°89 12 

29°] 8°00 9 811 14 48°85 7°09 10 7°26 14°5 
ey 30°6 8°07 8 8°19 12°5 55°5 6°37 14 6°66 22 
y 32°3 8°14 75 8°22 12 64°0 5°56 39 5°83 39°5 
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In Fig. 1 the values in Table I are shown graphically with curves representing the results 
recorded by David, Brown, and El Din for explosions of mixtures rH, + yO,-+ 4yN, in spheres 
15-2 and 45-4 cm. in diameter. 

The curves approach each other most closely over the range of mixtures containing excess 

: of oxygen (less than about 25% of hydrogen), a fact at variance with Thorp’s suggestion regarding 
the degree of “ incompleteness of 
Fic. 1. combustion ’’ of such mixtures at 
’ the moment of maximum pressure. 
o Thorp, (45-4cm.) Calculations of the specific heats 
x Maxwe// and Wheeler, of steam from the pressure records 
(19:7cm.) | emphasise this disagreement. The 
calculations are given in Table II 
To ensure strict comparison with 
° Thorp’s values, we have used the 
45:-4cm—]5-2cm. same data and the same method of 
David, Brown,and oo correcting for loss of heat as he 
did (loc. cit., pp. 822, 823). 
The values given in the fourth 
W column of Table II are considerably 
higher than those accepted by 
Partington and Shilling, even when 
5 the upper limit of the temperature 
J0 20 30 40 50. 60 70 range does not exceed 2000°. Above 
Hydrogen in Air, % that temperature, this method of 
determining specific heats is ad- 
mittedly unreliable owing to the unknown effect of dissociation and to errors in the specific 
heats of the diluent diatomic gases. 
In Fig. 2 the specific heats are plotted against the temperature ranges, together with Thorp’s 
values over the same ranges. 
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Our results do not confirm Thorp’s. Not only are the values for the specific heats of 
steam obtained from mixtures containing an excess of oxygen considerably lower than 
his, but, except when the maximum temperature was higher than about 2,100° (when the 
effect of dissociation of steam would be more marked with excess of oxygen), they are 
lower than for mixtures containing an excess of hydrogen. 

As regards the more recent experiments by David, Brown, and E] Din, it will be apparent 
from Fig. 1 that their results for mixtures containing an excess of hydrogen differ from 
Thorp’s, obtained in the same explosion vessel (45-4 cm. diameter), by an amount nearly 
as great as when they used the smaller (15-2 cm.) sphere. Moreover, the results obtained 
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Taste II, 


Mean Apparent Specific Heats of Steam at Constant Volume, 15°—Tm°. 


Hydrogen * Hydrogen * 
in air in air 
(¥H,+yO,+ (*H, +yO,+ 
3°8yN,) P,/P,, atm T°». Cy, steam 3°8yN,). P,/[P,, atm. Tp. C4 steam 
(15°—T°,,). (15°—T,°). 

6°29 1708° 9°4 37°5 7°88 2331° 10°5 
6°80 1900 9°7 40 7°70 2255 10°4 
7°63 2230 10°55 45 7°33 2104 10°3 
7°88 2350 11-0 50 6°92 1946 10°25 
8°06 2435 11°55 55 6°48 1783 10°15 
8°10 2447 11°15 60 6°01 1612 10:0 
8°12 2440 10°9 65 5°50 1433 9°45 
8-00 2387 . 10°65 


* Per cent. on dry mixtures. 


in our sphere (19-7 cm.) agree more closely with David, Brown, and El Din’s with their 
large sphere. 

We therefore cannot accept as conclusive the evidence put forward for a loss of energy 
during explosions of hydrogen and air due to incomplete combustion of the hydrogen 
at the moment of maximum pressure. We record our most recent determinations of 
the mean specific heats of steam at constant volume in support of our previous contention 
that, at high temperatures, the values accepted by Partington and Shilling are too low. 


DEPARTMENT OF FUEL TECHNOLOGY, SHEFFIELD UNIVERSITY. (Received, May 30th, 1933.] 





214. The Modes of Addition to Conjugated Unsaturated Systems.’ 
Part V. The Hydrogenation of Ethyl Muconate and Sorbic and B- 
Vinylacrylic Acids in the Presence of Platinum. 


By C. K. Incotp and L. D. SHAu. 


For a number of years following Paal’s investigation of the catalytic reduction of butadiene 
derivatives (Ber., 1912, 45, 2221) the impression had been general that the reaction between 
these substances and hydrogen in the presence of dispersed platinum or palladium was 
incapable of being arrested at the stage corresponding to the formation of dihydro-addition 
products (compare Vavon and Jakes, Bull. Soc. chim., 1927, 41, 81). 

The first suggestion to the contrary arose in the work of Lebedev and Yakubchik 
(J., 1928, 823, 2190; 1929, 220), who, employing platinum as catalyst, studied the reaction 
of butadiene, piperylene, isoprene, #y-dimethylbutadiene, and piperic acid, and in each 
case claimed the formation of mixtures containing considerable proportions of all the 
various possible dihydro-compounds. No analytical evidence was adduced in support of 
this conclusion, which was based only on a doubtful interpretation of the curves for the rate 
of absorption of hydrogen. 

This was the situation when the present work was commenced, but during its progress 
two further communications have appeared; both describe the application of analytical 
methods to the problem, and both record the formation of dihydro-derivatives. Muskat 
and Knapp (Ber., 1931, 64, 779) examined the reduction, catalysed by platinum, of «-phenyl- 
butadiene and 8-vinylacrylic acid, and in each case reported the formation of a dihydro- 
compound, although without precise statement as to quantity. The most comprehensive 
claim concerning the formation of dihydro-compounds is, however, that advanced by Farmer 
and Galley (J., 1932, 430), who, also using platinum, have described a quantitative investig- 
ation of the products of reduction of vinylacrylic, sorbic, «-methylsorbic, and @8-dimethyl- 
sorbic acids. In each case the formation of at least two dihydro-compounds is reported, 
and analytical data for the proportions in which these are present in the mixtures obtained 
after the absorption of one molecular proportion of hydrogen are given. 

3N 
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The present work was commenced with the theoretical preconception (see p. 887) that, 
in the catalytic reduction of conjugated unsaturated substances, the formation of con- 
siderable quantities of dihydro-products would not be the general rule. The work of 
Lebedev and Yakubchik being at that time the only contrary indication, we undertook a 
study of the compositions of partly hydrogenated butadiene derivatives by ordinary 
analytical methods. Platinum was employed as catalyst throughout, and ethyl muconate 
was selected as the initial example because its symmetry reduces the number of possible 
directions of reduction and thus simplifies the analytical problem. Methods for the 
quantitative analysis of partly hydrogenated butadiene acids had already been developed 
(Burton and Ingold, J., 1929, 2022) and the extension necessary to cope with the mixtures 
that might have arisen from ethyl muconate are described in the experimental section. 
The process consists in the oxidation, which can be made substantially quantitative, of the 
hydrogenation product by means of ozone and hydrogen peroxide, and the estimation of 
the various dicarboxylic acids in the mixtures thus obtained. We find that the product of re- 
duction of ethyl muconatewith one molecule of hydrogen consists essentially of equimolecular 
proportions of ethyl muconate and ethyl adipate. Dihydro-derivatives could not be found, 
although quantities in excess of 2%, of the A*-dihydro-compound (this limit corresponding 
to an allowance for the solubility of a degradation product) and 0-1% of the A®-dihydro- 
isomeride could, if present, have been detected. 

Our results on the reduction of sorbic acid were incomplete at the time of the appearance 
of Farmer and Galley’s publication, but were continued in view of the contrast between 
their results and ours in the case of ethyl muconate. According to Farmer and Galley, the 
product formed by hydrogenating sorbic acid with one molecule of hydrogen contains 13%, 
of a mixture of dihydro-products, in the proportion («8 + «8)-dihydro-, 40% ; y8-dihydro-, 
60%. As evidence for these conclusions, they report the complete removal by distillation 
of sorbic acid from the hydrogenation product, the oxidation by permanganate of the 
residual mixture of di- and tetra-hydro-compounds, and the separation from the oxidation 
product of acetic, propionic,* butyric, hexoic, oxalic, and succinic acids. We have carried 
out similar experiments, employing both our own quantitative methods and also the 
procedure recommended by Farmer and Galley. We cannot confirm the formation of 
either propionic, butyric, or succinic acid. Our mixture of monobasic oxidation acids on 
distillation split up completely into acetic and hexoic acids without intermediate fractions. 
In our treatment of the dibasic acids, 0-1% of succinic acid could, if present, have been 
detected. Moreover, malonic acid, which under our oxidation conditions does not undergo 
further degradation, could not be found, and in this case also 0-1% would have been detect- 
able. Of the three acids which we did obtain, viz., acetic, oxalic, and hexoic, the first two 
arose from the presence of unchanged sorbic acid, which we were unable to remove com- 
pletely from the hydrogenation product by distillation; the last is, of course, the tetra- 
hydro-compound. Our observations, therefore, lead to the conclusion that the absorption 
of one equivalent of hydrogen by sorbic acid gives substantially an equimolecular mixture 
of this substance and its tetrahydro-derivative. A*-Dihydrosorbic acid may possibly be 
formed in traces, but no considerable proportion (e.g., 5—10%) of this or of total dihydro- 
products can be present. 

The hydrogenation of $-vinylacrylic acid was next examined, since Muskat and Knapp 
report definite dihydrogenation and Farmer and Galley record the presence of as much as 
36%, of dihydro-compounds in the product of reduction by one molecule of hydrogen. 
The composition ascribed by the latter authors to the dihydro-mixture is «8-dihydro-, 23% ; 
y8-dihydro-, 77%. In support of these data they describe the isolation, after removal of 
unchanged vinylacrylic acid and oxidation of its mixed reduction products, of propionic, 
valeric, oxalic, and succinic acids. In our study of the reduction of vinylacrylic acid, we 
have used only our own methods of oxidation and analysis, and the latter is concerned with 
the dibasic acid oxidation products. We find, however, that succinic acid is absent, as 


* Acetic andjpropionic acids are described as being isolated together in approximately equal 
proportion, and the propionic acid is stated to have been identified qualitatively. The nature of the 
test applied is not specified. 
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also is malonic acid; 0-1% of either dibasic acid could, if present, have been detected. We 
confirm the formation of oxalic and valeric acids, but in our experiments the former of these 
arises from unchanged vinylacrylic acid, which we were unable completely to remove from 
the valeric acid. Actually, the formation of the A*-dihydro-derivative in traces amounting 
at most to 3% is not excluded by our results, but the production of this substance in quanti- 
ties comparable with the proportion claimed by Farmer and Galley (28%) is not confirmed ; 
the other possible dihydro-compounds can definitely be stated to be absent. Thus, in this 
case also, we find no evidence of the formation of considerable amounts of dihydro- 
compounds. 

Farmer and Galley have recently stated (Nature, 1933, 131, 60) that the proportions in 
which hydrogenation products are formed from butadiene derivatives are dependent on 
the age of the platinum catalyst. We have studied the reduction of sorbic acid, using both 
fresh and aged preparations of catalyst, without alteration in the nature of the result. 

It is admitted that three examples are too few to justify generalisation concerning the 
non-appearance of dihydro-products, and the other cases in which dihydro-compounds have 
been claimed by the investigators mentioned above are being re-examined. It is possible, 
nevertheless, to consider the mechanism underlying the type of result which so far has been 
our uniform experience. Two alternatives present themselves: either there is but a 
single reaction leading directly to the tetrahydro-derivative, or the dihydro-compound is 
produced as an intermediate product in two consecutive reactions, of which the second 
proceeds very much more rapidly than the first. As a test of the second possibility, we 
have measured the velocity of reduction under identical conditions of ethyl muconate and 
of its A*- and A®-dihydro-derivatives ; the dihydro-compounds, far from being hydrogen- 
ated much more rapidly, were actually reduced somewhat more slowly than was ethyl 
muconate itself. Similarly, we have measured the rate of reduction of sorbic acid and of 
the mixture of dihydrosorbic acids obtained from sorbic acid by reduction with sodium . 
amalgam in alkaline solution (Burton and Ingold, Joc. cit.); in this case also the dihydro- 
compounds were hydrogenated more slowly than the butadiene acid. These results are most 
easily explained by the assumption that complete hydrogenation proceeds as a single 
reaction without the intermediate formation of free dihydro-products. 

The results of this research have given us no cause to modify the theoretical views 
concerning catalytic reduction expressed two years ago (Chem. and Ind., 1931, 50, 1021). 
The electrode properties of platinum (low hydrogen over-potential) are correlated with its 
capacity to absorb electrons from molecular hydrogen until, in the absence of a reducible 
substance, the decomposition of hydrogen ceases owing to the negative charge accumulated 
by the metal; thus, in reduction, each platinum particle acts as a minute hydrogen 
electrode. The function of a simple or conjugated unsaturated substance is regarded as 
that of an electric lead which, by permitting the electromeric conduction of electrons from 
the metal, allows the decomposition of hydrogen to continue. The conduction of electrons 
will evidently lead to the binding of protons by the reducible substance, and in this process 
the unsaturated chain will lose its conductivity atom by atom, beginning preferentially at 
the end remote from the point of attachment to the metal. During the process of con- 
duction, the unsaturated substance may be considered to be linked to the metal by forces 
analogous to those of covalency, and, external activation apart, the organic molecule will 
become free only when these forces vanish as the last of the conductivity of the system 
disappears. The applications are obvious: the formation of pinacol-like bimolecular 
reduction products, and of dihydro-derivatives of butadienes, would each require the liber- 
ation of the unsaturated system before its conducting power is exhausted, and these results 
are therefore not normal in catalytic reduction. It is proposed in a later communication 
to illustrate, by reference to electrolytic reduction, some of the differences between hydrogen- 
ation by dissolving metals and by hydrogen in the presence of metallic catalysts. 


EXPERIMENTAL. 


General Methods.—The method of preparing the platinum catalyst and of conducting the 
hydrogenations was based closely on the description given by Adams (‘‘ Organic Syntheses,” 
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VIII, 10, 92). Measurement of the hydrogen supply was carefully controlled, so that the appar- 
atus could be used for estimation of unsaturation and for investigations on the rate of absorption 
of the gas. Oxidation of the hydrogenation products was effected by successive treatment with 
ozone and hydrogen peroxide (Burton and Ingold, Joc. cit.), and in the present applications was 
substantially quantitative. The analytical problem resolved itself into the estimation of oxalic, 
malonic, and succinic acids in mixtures of all three, possibly containing adipic acid in addition. 
So far as concerns oxalic and succinic acids, the ground has already been covered (idem, ibid.). 
Malonic acid presented difficulty; it could not be estimated by the evolution of carbon dioxide 
at 160° because in the presence of oxalic acid the volume of gas liberated was much too large. 
Bromination and iodometric estimation of the excess of halogen, or bromination followed by 
removal of the free bromine by means of phenol, was precluded by the reactivity of bromo- 
malonic acid towards reagents for halogens. Under ordinary conditions direct titration with 
bromine was rendered inaccurate by the volatility of the halogen and the small speed of reaction. 
But it was found that in the presence of hydrogen chloride bromination could be sufficiently 
accelerated to yield accurate results by the method of direct titration in chloroform solution. Many 
control experiments showed that each of these three acids could be estimated in the mixtures 
mentioned to within a few tenths %. In the case of succinic acid, the general method fails when 
the quantity present is below 2%; but whereas in two of the three applications described below 
malonic and adipic acids were entirely absent, much smaller quantities could be estimated by 
isolation after the complete removal of oxalic acid as its calcium salt. 

Ethyl Muconate.—Hydrogenation was effected in ethyl alcohol (19-8 g. in 250 c.c.) at room 
temperature by 1 mol. of hydrogen in the presence of platinum derived from freshly prepared 
hydrated oxide (0-1 g.). The product was distilled, b. p. 130—132°/14 mm., with a column, and, 
although it was found impossible thus to remove ethyl muconate completely without the loss of 
hydrogenation products, yet a considerable proportion could be eliminated by two distillations 
without any such loss. The distilled product was ozonised in chloroform, and the viscous 
ozonide decomposed with water after removal of the solvent. The product was further oxidised 
with hydrogen peroxide, saponified with potassium hydroxide, and the potassium salts obtained 
by evaporation were dissolved in water and made up toa standard volume. The appearance of 
any yellow colour after saponification indicated incomplete oxidation, and in the final series of 
experiments the solutions of potassium salts were colourless. Separate portions of this solution 
were taken for the estimation of oxalic, malonic, and succinic acids. Malonic acid was absent. 
Succinic acid was not present in excess of the amount corresponding to the correction necessary 
for the solubility of barium succinate; this quantity is equivalent to 2-3 mols.% as a maximum 
for the proportion of At-dihydromuconic ester possibly formed by hydrogenation. The amount 
of oxalic acid was equivalent to 10-7% of unaltered ethyl muconate in the distilled hydrogenation 
product, and, to within the limits of experimental error, this was the same as the quantity, 10°4%, 
and, in a duplicate experiment, 9-6%, retained in the distillate, when an artificial equimolecular 
mixture of ethyl muconate and ethyl adipate was distilled under the same conditions. The 
figure for the proportion of ethyl muconate in the distilled hydrogenation product was confirmed 
by an estimation of unsaturation, which, when calculated in terms of ethyl muconate, amounted 
to 11-7%, and, in a duplicate hydrogenation, 10-9%. In the latter case, a further distillation, 
in which the first portion of the material was collected separately, reduced the amount of ethyl 
muconate in this fraction only to 7-7%, and a similar further distillation of the distillate from 
the duplicate artificial mixture diminished the content of ethyl muconate to 7:9%. Thus it 
appears impossible quantitatively to separate ethyl muconate from ethyl adipate under the 
conditions of distillation employed, and the proportion of oxalic acid obtained in the oxidations 
is identical, to within the limits of reproducibility, with that which corresponds to the amount 
of ethyl muconate retained in the distillates. 

Sorbic Acid.— Hydrogenation was carried out as in the previous example, and the distilled 
product, b. p. 106—108°/15 mm., was treated with ozone and hydrogen peroxide as already 
described, the saponification being omitted. Analysis showed that malonic acid was absent, 
and that succinic acid was not present in excess of the amount corresponding to the correction 
for solubility. It was subsequently shown by eliminating the oxalic acid as its calcium salt, 
isolating the remaining acids, and removing hexoic acid in a vacuum desiccator over potassium 
hydroxide, that succinic acid was definitely absent. The proportion of oxalic acid corresponded 
to the presence of 8-8% of sorbic acid in the distilled reduction product, and an estimation of 
unsaturation calculated in the same form gave the figure 9-7%. An artificial mixture of equi- 
molecular proportions of sorbic and n-hexoic acids on distillation under similar conditions was 
shown by measurement of its unsaturation towards hydrogen to contain 7-8% of sorbic acid. 
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The above is typical of our standard procedure, but closely similar results were obtained by using 
in place of fresh catalyst a preparation 6 months old, which had been used before and had lost 
much of its original activity. We havealso replaced our own method of oxidation by that used 
by Farmer and Galley; the hydrogenation product, distilled as before, was oxidised with 
permanganate in the manner recommended by these authors, and the monobasic acids were 
isolated and distilled. Two fractions only were obtained, viz., acetic acid, b. p. below 70°/12 mm., 
and hexoic acid, b. p. 96—100°/12 mm. The acetic acid was not quite dry, but was shown to 
be free from homologues by neutralisation with silver oxide and analysis of the whole silver salt 
thus produced (Found : C, 14-6; H, 2-0; Ag, 64-6. Calc.: C, 14-4; H, 1-8; Ag, 64-7%). The 
n-hexoic acid was identified by its b. p. and by titration (Found: M, 115. Calc.: M, 116). 
Estimation of the dibasic acids gave results substantially identical with those already illustrated, 
malonic and succinic acids being absent, and the proportion of oxalic acid being identical with 
that retained after distillation of an equimolecular mixture of sorbic and hexoic acids to within 
the limits, probably about 2%, of reproducibility of the conditions of distillation. 
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C. Ethyl A*-dihydromuconate. 


8-Vinylacrylic Acid.—This acid was hydrogenated, the product oxidised, and the dibasic 
acids formed by oxidation analysed in accordance with the standard procedure already described. 
Malonic and succinic acids were entirely absent, but oxalic acid was found in quantity correspond- 
ing to the presence of 23% of vinylacrylic acid in the distilled hydrogenation product. The 
corresponding control experiment, in which an equimolecular mixture of vinylacrylic and 
n-valeric acids was distilled under identical conditions, yielded a product containing 21% of 
vinylacrylic acid. The results of other experiments and controls, including measuremeuts of 
unsaturation, lie wholly within the range of 21—25% for the content of 8-vinylacrylic acid. 

Rates of Hydrogenation.—These hydrogenations were carried out, using 0-001 g.-mol. of the 
unsaturated substance dissolved in 100 c.c. of alcohol, at 18° and 760 mm. in a vessel shaken at a 
rate of 135 oscillations per minute. In the cases of sorbic acid and the mixture of dihydrosorbic 
acids formed from sorbic acid by reduction with sodium amalgam in alkaline solution, the 
platinum used was derived from 0-01 g. of freshly prepared hydrated oxide; whilst, in the 
examples of ethyl muconate and its At- and Af-dihydro-derivatives, the amount of platinum 
oxide employed was 0:05 g. The reproducibility of the observations was controlled by carrying 
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out experiments in which the unsaturated substances under comparison were employed altern- 
ately. This is illustrated in relation to sorbic acid and the mixture of dihydrosorbic acids in 
Fig. 1, in which the numbers attached to the curves indicate the chronological order of the 
experiments. Other closely consistent curves are omitted in order to avoid confusing the 
diagram, for which reason also the actual observations which were made at half-minute intervals 
throughout the range of the diagram are not shown in the usual way as circles; the curves are, 
however, drawn through the observational points and are not smoothed. Fig. 2 shows repre- 
sentative curves for the rate of hydrogenation of ethyl muconate and its At- and A&-dihydro- 
derivatives; in these cases, the observations were taken at one-minute intervals. 

It can be calculated from the curves that, if the hydrogenation of either butadiene derivative 
were a two-stage process in which the intermediate dihydro-compound or mixture of compounds 
undergoes further reduction with the velocities illustrated, then, after the absorption of one 
mol. of hydrogen, dihydro-derivatives should be present in proportions of the order of 50%. 

Ethyl As-dihydromuconate, prepared from the acid by way of its chloride, had b. p. 
125—126°/14 mm. (Found: C, 59-5; H, 8-3. Cy, 9H,,O, requires C, 60-0; H, 8-0%). 


UNIVERSITY COLLEGE, LONDON. [Received, June 16th, 1933.] 





215. Constitutional Factors controlling Prototropic Changes in Carbonyl 
Compounds. Part V. <A Relationship between the Polar Char- 
acters of Substituent Groups and the Activation Energies of Proton 


Addition. 
By W. S. NatHAN and H. B. Watson. 


ALTHOUGH the observed velocities of certain bimolecular reactions in solution are smaller 
by several powers of ten than those calculated on the simple collision theory (Christiansen, 
Z. physikal. Chem., 1924, 113, 35; Norrish and Smith, J., 1928, 129; Moelwyn-Hughes and 
Hinshelwood, J., 1932, 230), a considerable number of changes nevertheless proceed 
at speeds which are approximately in harmony with the assumption that reaction occurs 
(as in gases) whenever two molecules collide with the necessary increment of energy 
(Moelwyn-Hughes, Chem. Reviews, 1932, 10, 241; Phil. Mag., 1932, 14, 112). It has 
further been pointed out by Grant and Hinshelwood (this vol., p. 258) that in nearly all 
known processes of the latter type one of the reactants is an ion, and they suggest that, 
in general, “reactions between an organic compound and an ion in solution tend to 
take place at approximately the rate given by the simple kinetic equation.”’ The conclusions 
outlined below have been arrived at by an examination, in the light of this suggestion, of 
our previous results for the velocities of prototropic change of certain #-substituted 
acetophenones (Part III, this vol., p. 217) and of some new data for #-substituted 
w-chloroacetophenones. 

The order of the velocities of acid-catalysed prototropic change of CH,*CO-C,H,X 
(p-Me>H>#-I>-Br>-Cl>f-NO,, Part III) demonstrated that the governing factor 
in these changes is the co-ordination of carbonyl oxygen with the acid catalyst. This, 
indeed, was already evident from the observation (Parts I and II, Hughes, Watson, and 
Yates, J., 1931, 3318; 1932, 1207) that substituent halogen atoms reduce the efficiency 
of acid catalysts, and from a comparison of the results of various workers who had examined 
the prototropy of such compounds as acetaldehyde, acetone, and pyruvic acid. Only a 
simple assumption was then necessary (Part III) to relate the velocity of the acid-catalysed 
prototropic change with the speed of addition of proton to the ketone molecule by the 


expression 
v = const. X Aggg, [ketone] [H"] ; . , . (2) 


If the concentrations of ketone and hydrogen ion remain constant, the expression becomes 
v = const. X Rage. ; , ‘ : . (2) 


i.¢., the relative velocities of prototropic change are determined by the speeds of addition 
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of proton to the ketone. According to Grant and Hinshelwood’s suggestion, the rate of 
the latter change should be in harmony with the simple kinetic equation. 

For two different reacting species, this equation is given by Moelwyn-Hughes (loc. cit.) 
as 





t 2 
k= 5-71 x 10%. nr. (jt) (% 3) cmr . 8) 
| i 


where o, and o, are the molecular diameters of the reactants. This expression does not 
take into account the “ free-space,” “ phase,” and “steric” corrections. The first, 
according to Jowett (Phil. Mag., 1929, 8, 1059), increases the collision rate by a factor of 
the order 10, which is constant for a given medium at one temperature, while the product 
of the two last-named has been found constant for the halogenation of a series of phenolic 
ethers (Bradfield, Jones, and Spencer, J., 1931, 2907). In the consideration of the relative 
speeds of prototropic change of p-substituted acetophenones in a given medium and at the 
same temperature, it may safely be assumed that these corrections will cancel out. For 
our present purpose, then, the kinetic equation may be written 


k = const. (“472) (4 : sy _ e-EIRT 
k 


6 Fac et hw MNatye ° 


The velocities of prototropic change were determined (Part III) by measurements 
of speeds of bromination, and the results were expressed as fall of N/50-thiosulphate titre 
per minute for 20 c.c. of 0°1M-solutions of ketone. In accordance with equation (2), 
these quantities are a measure of the velocity of addition of proton to the ketone, 1.e., 
of k in equation (4), concentration terms appearing in the constant c; E is the energy of' 
activation of the process CH,-CO-C,H,X + H’—>CH,°C(OH’)-C,H,X, 7.¢., of the form- 
ation of a bond between proton and carbonyloxygen. The different values of E for various 
substituted acetophenones are clearly due to the different contributions of the substituent 
groups X to the critical energy increment. 

In the absence of better means of computing molecular diameters, values have usually 
been derived from molecular volumes by the use of a formula such as o = 1:33 X 10°Vm 
(compare Moelwyn-Hughes, Joc. cit.) We have employed Sugden’s parachor values, 
since parachors give a measure of molecular volumes under comparable conditions, and 
the atomic and structural constants are known with a fair degree of accuracy. In the 
case of acetophenone itself, the parachor has actually been measured, and the value 292-4 
(Hammick and Andrew, J., 1929, 754) is in reasonably good agreement with that got by 
summation of Sugden’s constants, viz., 294-1. The molecular collision area is given by 
1016P#/2-42 (Sugden, ‘“‘ The Parachor and Valency,” 1930, p. 32), and the molecular 
diameter may then be taken as 2+/10-*P#/2-42 x = 0-725 x 10°°P#. In Table I 
the values of the quantity z = [(M, + M,)/M,M. 2l*[(¢ + o,)/2} are calculated for collision 
of the ketone molecule with the oxonium ion. For the parachor of the oxonium ion the 
value is taken as P = 3 x 17-1 (3H) + 20 (O) — 1°6 (co-ordinate bond) = 69-7. The 
corresponding value for the molecular diameter (6,) is 2-982 x 10%. The quantity log. 
k/z, the only variable term in the expression for E (equation 4), is referred to as E’. 

If Ey and E’, are the values of E and E’ for unsubstituted acetophenone, it is evident 
from equation (4) that 











E=Epu—BT@’ “25 . .§ «§ « @& 


The largest value of E — Ey (where E refers to p-nitroacetophenone) is 425 cals. per 
g.-mol. 

The most striking result of the present work is the observation of a quantitative relation- 
ship between the critical increments of the reactions of hydrogen ion with the ketones of 
the series CH3-CO-C,H,X and the dipole moments of C,H;X. It was pointed out in 
Part III that the velocities of prototropic change follow the order of dipole moments, 
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TABLE I. 


Reaction of CH,°CO-C,.H,X with oxonium ion. 


(1) Calculation of z. 
10%o,. 1016[(¢, + o,)/2]*. [(M, + M,)/M,M,]}*. 
5°024 16°02 0°2451 
4°820 15°22 0°2469 
5°195 16°72 0°2381 
5°084 16°26 0°2401 
5016 15°99 0°2431 
5°109 16°36 0°2423 


(2) Values of E’ for reactions in 75% acetic acid. 
HCl= 0°5M. HCl = 10M. 

k. E’ — 32. k. E’ — 32. 
0°273 2°175 0-876 * 3°341 
0°243 2-105 0°793 3°286 
0°208 1891 0°696 3°098 
0°197 1°855 0°656 3°059 
0°125 1°385 0°446 2°657 

(3) Values of E’ for reactions in 50% acetic acid. 
HCl = 10M, HCl = 20M. 
0°335 2°380 1-068 3°539 
H 0°297 2°304 0°954 3°470 
Br 0°217 1-952 0°737 3°174 
Cl 0°216 1-951 0°727 3°165 
* The value 0°964 recorded in Part III was due to an error in copying, and overlooked in the proofs. 
The correct value is here given. 


It now becomes evident that the values of E’, when calculated on the assumption that 
Fic. 1 reaction is with the oxonium ion, 
he bear an almost linear relation- 


pre ship with the dipole moments 





from the linear is hardly per- 
“134-0 ceptible over the range of 
CH3 moments extending from 0:39 to 
—1-56 (CH, to Cl), but becomes 
obvious when the moment is of 
the magnitude —3-97 (NO,). The 
exact relationship in Debye 
units is 


E' = Ep’ + x (u —0-032u2) (6) 


The values of E’ calculated for 

_ : reaction with the unsolvated 

‘NO proton (whatever parachor value 

be assumed from zero up to 

NO> 17-1, the constant for combined 

34-6 4 = 2 — 0 7332 hydrogen) do not bear a definite 

Dipole moment of CsH,X. relationship with the dipole 

moments ; for different concen- 

trations of acid the curves are not of identical form. This fact favours the hypothesis of 

reaction with the oxonium ion, as would be anticipated. 

Combining equations (5) and (6), we have the relationship : 


E — Ey = —RTx (u — 0-032u*?) = — C (u —0-032n2)  . (7) 


The critical increment of the reaction of a #-substituted acetophenone CH,°CO-C,H,X 
with oxonium ion thus differs from that of the corresponding reaction of the unsubstituted 
ketone under identical conditions by a quantity proportional to (u —0-032y*), where u is 


356 
CH: 
We ’ of C,H,;X (see Fig. 1). Deviation 
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TABLE II. 
Values of E’ — 32, (a) observed, and (b) calculated from equation (6). 


In 75% acetic acid. In 50% acetic acid. 
HCl = 05M, HCl = 10M. HCl = 10M, HCl = 2:0M. 


(v = 0-212.) (x = 0°185.) 


p. 
0°39 
0 

— 1:30 

— 1°53 

— 1°56 

— 3°97 


(x = 0-161.) 


(x = 0°1407.) 


Obs. 

2°175 
2°105 
1°891 
1-855 


1-385 


Calc. 
2-171 
2-108 
1-891 
1-850 


1388 


Obs. 

3°341 
3°286 
3°098 
3°059 


2°657 


Calc. 
3°343 
3°286 
3°096 
3°061 


2°657 


Obs. 
2-380 
2°304 


1°952 
1951 


Calc. 
2-380 
2-299 
1-958 
1-951 


Obs. 
3°539 
3°470 
3°174 
3°165 


— 


Calc. 
3°540 
3°469 
3°172 
3°166 


(The dipole moments are those obtained by Tiganik, Z. physikal. Chem., 1931, B, 18, 452, except 
for iodine, where the value 1°30 is due to Bergmann, Engel, and Sandor, ibid., 1930, B, 10, 115.) 


the dipole moment of C,H;X. As is to be expected, the magnitude of the influence of the 
dipole moment (?.e., the x term in equations 6 and 7) varies with the medium; its variation 
with the acid concentration may also be a medium effect, or it may perhaps be due to 
reaction occurring with a varying small proportion of covalent hydrogen chloride. For 
the purpose of the present discussion, the important fact is the constancy of the relation- 
ship for a series of ketones reacting under identical conditions. 

Additional data have now been obtained by measurement of the velocities of prototropic 
change of w-chloroacetophenone and some of its f-substituted derivatives (general formula 
CICH,*CO-C,H,X). 0-1M-Solutions of the ketones in 90% acetic acid were employed, 
this solvent being chosen on account of the small solubility of the ketones in more dilute 
media. The concentration of hydrogen chloride was 0-4167M. The relationship expressed 
in equation (6) has again been observed (see Table III). It should be clearly understood 
that, although these measurements are comparable among themselves, yet they provide 
no information regarding the effect of the w-chlorine atom, since the medium conditions 
were vastly different from those obtaining in the experiments with f-substituted aceto- 
phenones. 

TABLE III. 
Values of E’ for reaction of CICH,°CO-C,H,X with oxonium ion, 
2 , 
x. P. 10%. or 2 Fes) , (A572)" 10%z, k. BE. bl 
CH, 370°3 5°206 16°76 0°2420 4:055 0°0560 32°559 32°556 
H 331-3 5-017 16-00 0-2431 3°890 0-0506 32500 32-502 
Br 282-2 5°261 16°99 02386 4-054 0-0426 32-286 32285 
NO, 387°2 5°283 17:08 0°2401 4101 0-0292 31°897 31-898 

In the derivation of the relationship E — Ey = C (u — ay?) it has been assumed that 
the velocity of addition of proton to the ketone molecule may be found from the measured 
velocity of prototropic change in accordance with equation (1), and that it follows the 
simple kinetic equation. There is little reason to doubt the truth of either assumption. 
The argument would stand on a much firmer foundation, however, if a similar relationship 
were found for other reactions where the first assumption, particularly, is not involved. 
The necessary confirmation has been obtained by an inspection of the dissociation constants 
of a number of substituted acetic acids. The available data are admittedly somewhat 
inaccurate, but since the values range over several powers of ten the inaccuracies are 
relatively small. On the basis of the free energy equation A = RT .logK, Derick 
(J. Amer. Chem. Soc., 1911, 38, 1152, 1167, 1181) has expressed the “ positivity” or 
“negativity” of a substituent as —1000/log K, and his ‘‘ polaric constants”’ are clearly 
equivalent to present-day “inductive effects,” and should be replaceable by some 
function of the dipole moment. On examining the necessary data, we find that the 
dissociation constants of a number of acids of general formula X-CH,°CO,H are given 
by the expression log K = log Ky — 2°4(u + 0-032u?) where Ky is the dissociation 
constant of acetic acid, and u is the dipole moment of CH,X (see Fig. 2 and Table IV). 

In any discussion of the dissociation constants of acids, we are dealing with the equili- 
brium HA + H,O = H,0° + A’, and, on the assumption that both dissociation and 
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association processes are in harmony with the kinetic equation, an expression is obtained 
which is similar to that derived for addition of hydrogen ion to ketones. As a first 
approximation, the factor z involving the molecular weights and diameters may be regarded 
as the same for the direct and the reversed reactions. For the unsubstituted acid, equation 
(4) then becomes 
E yiatss.) = Catss, — RT log Roaise.»/2 
and Eoiass.) = Cass, — RT 10g Ro(ass.)/2o, 
whence E yatss.) — Eo (ass) = ¢ — RT log Ko. 
Similarly for X-CH,°CO,H, 
Eaiss, — Ease, = ¢ — RT log K = c — RT [log Ky — 2+4 (u + 0°032 u)]. 
Hence, [Eatss. — Ease, J—[Eqiaiss., — Eocass.)] = 2°4 RT (u + 0-032 p?). The difference 
between the critical increments of the dissociation and the association process is thus 
Fic. 2 related to the dipole moment of CH,X by 
— the expression E — Ey = C (u + ap?). - 
Z3 The identity of the numerical value of a 
ee here and in the equations for the aceto- 
oy ee phenones is probably fortuitous, and the 
fe. reason for the change in the sign of the 
a term in yp? is not immediately obvious. 











The similarity, indeed almost identity, 

of the two expressions derived from 

e-5 \ completely distinct sets of data is strong 

on Thy evidence for their correctness, and this 
= cc relationship between the critical incre- 
~7 ment and the polar character of the 

OMe substituent may prove to be applicable 

Nw to a large number of reactions of organic 

7 ay compounds. 

Ph* The existence of electronic displace- 
H ments not connected with any per- 
CH. manent separation of charges (electro- 

4 3 2 7 0 meric effect) would render the relation- 

Dipole moment of CH3X. ship inapplicable, and there is therefore 

, good reason for supposing that in the 
cases dealt with above only the permanent effect of the substituent group is operative, the 
electromeric effect being completely absent. 
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TABLE IV. 
Values for loge K for X-CH,°CO,H. 

log K ; log K 
x. je 10K. log K.  (calc.). Xx. pe 10K. log K.  (calc.). 
CH; — 1°34 —11'2 — Br — 1:80 138 —6°59 — 6°83 
H 0 1°82 —10°9 —10°9 Cl —1°'88 155 —6°47 — 6°66 
Ph —0°39 5°6 — 98 —10°0 Cl, — 3°76 5,140 —2°97 — 2°96 
MeO —1:29 33°5 — 80 — 79 Cl; —5°64 121,000 0°19 0°17 

I — 1°63 75 — 719 — 719 


(Values of K are mainly due to Ostwald. Dipole moments are from those tabulated by Sutton, 
Proc. Roy. Soc., 1931, A, 188, 685. Values for >CCl, and —CCl, are twice and three times respectively 
the moment for CH,Cl and not the observed moments of CH,Cl, and CHCl;. In the case of CH;, the 
curve indicates a moment of about 0°1.) 

EXPERIMENTAL. 

p-Methyl- and p-bromo-w-chloroacetophenones were prepared by the Friedel-Crafts method, 
chloroacetyl chloride being used with the appropriate benzene derivative. Owing to the small 
solubility of the ketones in ether, extraction with methyl ethy! ketone was resorted to, hydrogen 
chloride being then removed from the extract by shaking with concentrated sodium acetate 
solution containing a little sodium carbonate and then with calcium chloride solution, with which 
the methyl ethyl ketone is practically immiscible. The product was finally crystallised several 
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times from 90% acetic acid; m. p.’s 67° and 115-5° respectively. w-Chloro- and p-nitro-w- 
chloro-acetophenones were prepared by chlorination of acetophenone and its -nitro-derivative 
respectively in glacial acetic acid, and crystallised from 90% acetic acid; m. p.’s 54:5° and 






- 85-5° respectively. The nitro-compound is not reported in the literature; from 9 g. of p-nitro- 


acetophenone, 5-5 g. of the pure compound were obtained as pale yellow crystals. 

The 90% acetic acid was prepared for the velocity measurements by diluting 900 c.c. (at 
25°) of previously purified acid to 1 litre at 25°. Very small changes in the composition of this 
medium have a marked influence upon the velocities, and great accuracy is therefore necessary 
in its preparation. 

The measurements were carried out as in Part III. The velocities recorded are the mean 
of those obtained for the initial and the final halves of the reaction; since there is ultimately 
a 5% fall in concentration of ketone (mols. ketone/mols. Br = 20 initially), the figures refer 
actually to a ketone concentration of 0-:0975M. Anaccurately reproducible quantity of bromine 
can be added by the use of a small “‘ pipette’ constructed from the inner tube of a broken 
thermometer drawn to a capillary end. The necessity of an initial titre is thus removed. 


We express our thanks to Messrs. Imperial Chemical Industries for a substantial grant. 
THE TECHNICAL COLLEGE, CARDIFF. [Received, June 17th, 1933.] 





NOTE. 


The Separation and Determination of Copper and Nickel by Salicylaldoxime. By H. L. RItey. 


A RAPID and accurate method was required for separating and determining copper and nickel. 
The following shows that salicylaldoxime can be conveniently used for this purpose. 

To a standard solution containing copper and nickel sulphates were added 1 g. of crystallised 
sodium acetate and 10 c.c. of glacial acetic acid, and the solution was diluted to 100 c.c. Excess 
of the 1% salicylaldoxime reagent (Ephraim, Ber., 1930, 63, 1928; Astin and Riley, this vol., 
p. 314), 2.e., sufficient to precipitate both the metals, was added. The precipitated copper’ 
compound was coagulated by stirring or allowed to stand over-night, filtered on a porous (No. 3) 
glass Gooch crucible, washed with cold water, dried at 100°, and weighed. To the filtrate (300— 
350 c.c.) was added dilute ammonia until it remained just acidic. The bright green nickel 
compound, (C,H,O,N),Ni, which was precipitated, coagulated readily on stirring. It was 
collected and treated as above, washing being continued until the filtrate gave no reaction with 
ferric chloride solution. Theoretical factors, viz., 0-18938 for copper, and 0-17742 for nickel, 
were employed. Seven different standard solutions were used and duplicate determinations 
were carried out with each. The nickel solutions were standardised by means of dimethyl- 
glyoxime. The following results were obtained. 


Copper. Nickel. Copper. Nickel. 

Wt. Found, Actual. Wt. Found, Actual. Wt. Found, Actual. Wt. Found, Actual. 
ppt.,g. mg. ppt.,g. mg. ppt.,g. mg. ppt., g. mg. 
01323 25-05)... — — = 00532 10°08),,. 0:1386 24:59\.,. 
0:1323 ee}, 25°12 — = 00530 eee 10059-1373 si38) 24°55 
01331 25-21)... 0:1383 24°54\.,. 00269  5:09).. 0°1384 24°55\.,.-- 
0°1333 ss) 25°12 0°1382 tot 24°55 9.0267 2) 5-02 0°1385 sta) 24°55 
01326 25-11).,-.1. 00554 9°83... sit Pas 0:1389 24-64).,. 
01327 a 12 0°0554 3) 9°82 on al 0-1381 sont) 24°55 
0:1326 25111... 00275 4°88) ,. 
0-1321 33) 25°12 0-0278 Z 491 


The above method for the determination of nickel compared favourably with that employ- 
ing dimethylglyoxime. It was extremely sensitive. The reagent gave a pronounced turbidity 
in a neutral solution containing 1 part of nickel in 1,000,000 parts of water, and a faint but 
definite turbidity with solutions containing 1 part in 10,000,000. The reagent has the advantage 
of being more soluble in water than dimethylglyoxime. Many of the common metals, e.g., 
iron, silver, mercury, zinc, do not give precipitates with the reagent, so the above method could 
be readily adapted for the analysis of coinage and similar alloys. Cobalt, however, gives a 
precipitate with the reagent in neutral solution and would therefore interfere if present.— 
ARMSTRONG COLLEGE (UNIVERSITY OF DURHAM), NEWCASTLE-UPON-TYNE. ([Received, May 
19th, 1933.] 
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THE BICENTENARY OF JOSEPH PRIESTLEY. 


THE following papers were read by Sir Puivip Hartoe, K.B.E., C.1.E., PRoFEssor A. N. 
MELDRvuM, and Str HAROLD HartLeEY, C.B.E., M.C., F.R.S., at the meeting held on April 
6th, 1933, to commemorate the life and work of JOSEPH PRIESTLEY. 


JOSEPH PRIESTLEY. 
1733—1804. 


WE are met here to celebrate the bicentenary of Joseph Priestley, who was born at Field- 
head, near Leeds, on March 13th, 1733 (O.S.). Priestley was a man of marked simplicity 
of character, but of an intelligence with so many facets that he has been somewhat bewilder- 
ing to his biographers. No clear or final picture of Priestley, the scientific man, has yet 
been produced, nor is such a final picture perhaps possible. You have asked Professor 
Meldrum, Sir Harold Hartley, and me to draw for you, within the brief space of time avail- 
able, lightning sketches. The sketches will all be different. The great French painter, 
Monet, is said to have painted thirty or forty different pictures of the Thames from his 
window in Chelsea; and if another painter had painted as many pictures of the changing 
river in the same period these would all have been different from any of Monet’s. You may 
say that I am thinking in terms of art and not of science; certainly I am not using the terms 
of that most excellent and old-fashioned science which supposed that there was only one 
kind of mathematics, and one kind of physics, which imposed themselves forcibly on every 
intelligence. We recognise now the individuality of the great artists in the simplified 
pictures of the external world that we call science. Yet the different pictures must all 
have truth in them if they are to be of any value at all. I want to-night to throw some 
light, if I can, on Priestley’s own peculiar personality and history as a scientific man and 
theorist, for it seems to me that he has been singularly misjudged in some ways. Even 
Monet does not make the Thames look like the Irk or the Mersey. 

I have said that Priestley’s mind was one of many facets. He had an amazing facility 
for mastering different subjects. In his seventy-one years of life he published some fifty 
works on theology, thirteen on education and history, about eighteen on political, social, 
and metaphysical subjects, and—what matters-to ourselves most—twelve books and some 
fifty papers dealing with physics, chemistry, and physiology (animal and vegetable). He 
had a gift for languages. He knew Latin, Greek, French, German, Italian, Hebrew, 
Chaldee, Syriac, and began Arabic. At quite an early age he read S’Gravesande’s 
“Natural Philosophy,” and we have the record that when he was twenty-three he read 
Boerhaave’s ‘‘ Elements of Chemistry,” a fact of importance in considering his views 
about gases. From the seed planted in this fertile soil an amazing crop developed. But it 
was not a jungle. Priestley had definite purposes before him, and was a man of extra- 
ordinary method. He knew, far better than most of us, “‘ how to live on twenty-four 
hours a day.”’ He worked to a plan, was never hurried, and always had leisure for his 
friends. The main purpose of his life was one of religion and piety—piety which translated 
itself no less in the desire for clearness and proof in his theological views than in the desire 
for the active promotion of the happiness of his fellow creatures. It was through no 
chance that Bentham derived his utilitarian formula—“ the greatest happiness of the 
greatest number ’’—from Priestley’s work. Heterodox in his theological views, according 
to the standards of the time, he became a unitarian minister. He was essentially a liberal, 
both in religion and in politics, desiring toleration for views the most different from his 
own. 

To trace the history of his many occupations as a preacher, and as a teacher of languages, 
of history, of belles-lettres, would take far more time than I can afford. But I must point 
out that Priestley’s love of science, which he regarded as a relaxation (though it was 
through his scientific work perhaps more than anything else that his memory has been 
kept alive), became obvious at a very early stage. While he was a minister at Nantwich, 
at the age of twenty-five, he made his first experiments in science to please himself and the 
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thirty or forty pupils at his school, to whom he never gave a holiday. With the help of 
his school fees he bought a few scientific books, a small air-pump, and an electric machine ; 
and he made his pupils perform experiments and lecture before an audience. He was 
the pioneer of the teaching of science in schools. 

In 1761 his preference for science over literature bursts out in so strange a place as his 
English Grammar. In his “ Chart of Biography ” of 1765 he wrote, ‘‘ Few are qualified 
to make new discoveries; . . . but when discoveries have been made, and the principles 
of science have been ascertained, persons of inferior abilities . . . are sufficient to digest 
those principles into a convenient method.”’ Priestley, not usually diffident, was obviously 
thinking of himself as one of those “inferior persons.’’ And when he met Benjamin 
Franklin, also an amateur of genius, he suggested to him that he might undertake his 
first scientific work, a “‘ History of Electricity,” if Franklin would lend him the necessary 
books. Franklin agreed; other friends also lent him books; and, in 1767, within a year 
after Priestley had given Franklin his plan, the book was in print. From the inexperience 
of the author and the speed with which he worked, we might have expected an amateurish 
performance. But there are few, if any, signs of the amateur either in the “ History ” or 
the original experiments into which Priestley was drawn while writing it, and of which he 
has included a description. The book must be at least glanced at by all those who wish to 
form a judgment of their own on Priestley as a theorist and as an experimenter. It went 
through five editions. It is still referred to by leading authorities on the Continent. 

Let us first consider Priestley, the theorist. He was confronted, in electricity, with 
two theories, the single-fluid theory of Watson and Franklin, and the earlier two-fluid 
theory of Du Fay and his successors. Priestley tries to hold the balance even between 
them, although he prefers the single-fluid theory. He even suggests at one point that 
neither theory may be true and that electrification may be a modification of the body 
electrified. In the preface to his third edition he apologises for having been a little unfair. 
to the views of Nollet. But from his first preface onwards, Priestley contrasts the use of 
speculation (which he later calls ‘‘a cheap commodity ”’) * with the discovery of facts, 
for which he regarded speculation as only a means. The object of science, he tells us in 
the “ History,” is “‘ to comprehend things clearly, and to comprise as much knowledge as 
possible in the smallest compass.” ¢ Though Priestley obviously owes much to Bacon, 
and perhaps something to Locke, the formula is, I think, a new one, at any rate in the 
mouth of a scientific man. It comes singularly close to the famous formule of Kirchhoff 
and of Mach, who defines science in effect as a shorthand description of Nature, leaving no 
room for cause or effect.t Priestley seems to depart from that view in his own discussion 
of the question of cause and effect, on which all scientific metaphysicians, up to the most 
recent and one of the most brilliant, Meyerson, argue ‘‘ about and about.’’§ But I am 
not sure whether, in spite of his use of the terms, cause and effect, Priestley’s view is really 
distinguishable from that of Mach. He has a clear vision of the value of hypothesis in 
scientific investigation. Every experiment, he tells us, in which there is a design, is made 
to ascertain some hypothesis, for an hypothesis is nothing more than a preconceived idea 
of an event. An hypothesis absolutely verified ceases to be termed such, and is con- 
sidered as a fact. Hypotheses lead persons to try a variety of experiments in order to 
ascertain them, and in these experiments new facts generally arise which serve to correct 
the hypothesis which gave rise to them. 

By this method of successive approximations we may hope to discover all the facts and 
to form a perfect theory of them.|| Thus science is to be reduced to a statement of all the 


* “ Experiments and Observations on . . . Air,’’ vol. iii (1777), preface, pp. xxix—xxx. 

t ‘ History of Electricity,’’ Ist edition, p. 442. 

} See E. Mach, ‘‘ The Science of Mechanics ’’ (Eng. trans., 1893, p. 483), ‘‘ There is no cause nor 
effect in nature . . . nature simply is.’’ See also Karl Pearson’s ‘‘ Grammar of Science’’ (1892), 
pp. 159, 227 and passim. 

§ See E. Meyerson’s “‘ Identity and Reality ’’ (3rd edition, translated from the French, 1930). 

|| ‘‘ History of Electricity,” p. 445. He says: “‘ by this perfect theory, I mean a system of pro- 
positions accurately defining all the circumstances of every appearance, the separate effects of each 
circumstance, and the manner of its operation.”’ 
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facts in the smallest compass, and the hypotheses finally disappear. Yet Priestley warns 
us that “ a philosopher who has been long attached to a favourite hypothesis, and especially 
if he have distinguished himself by his ingenuity in discovering or pursuing it, will not 
sometimes be convinced of its falsity by the plainest evidence of fact,’’ and thus “ both 
himself and all his followers are put upon false pursuits, and seem determined to warp the 
whole course of nature to suit their manner of conceiving of its operations.” 

In regarding speculation as a cheap commodity, Priestley was influenced, no doubt, 
by Franklin, whose indifference to his own theories and to those of others he quotes with 
approval. It is not, says Franklin, “ of much importance to us to know the manner 
in which nature executes her laws. It is enough if we know the laws themselves. It is 
of real use to us to know that china left in the air, unsupported, will fall and break; but 
how it comes to fall, and why it breaks, are matters of speculation. It is a pleasure 
indeed to know them, but we can preserve our china without it.” * 

Franklin’s attitude is very far from being that of the author of the theory of gravita- 
tion. The famous passage in which Newton says, “ iypotheses non fingo,’”’ “I frame no 
hypotheses,” is too often quoted without its almost immediate context in the “‘ Principia,” 
that paragraph in which Newton speaks as if with equal conviction of the ether “ a certain 
most subtle spirit which pervades and lies hid in all gross bodies ’’; a spirit to whose action 
are to be attributed heat, light, and electricity, and the excitation and transmission of the 
nervous impulse. Newton admits that there are insufficient experiments to demonstrate 
the laws by which this “ electric and elastic spirit operates.” + And then, besides the 
ether, we have Newton’s famous “ solid, massy, hard, impenetrable, movable particles ” 
created by God in the beginning,t the atoms of which bodies are composed, and on whose 
properties they depend : the atoms inherited by Newton through a long line of philosophers 
from the Greek atomists. 

It has been pointed out in a recent book by Madame Héléne Metzger § that eighteenth- 
century chemistry owes more to Newton than has generally been recognised. Priestley, 
at any rate, refers to him again and again. I think it would be roughly true to say that in 
the electrical investigations we see mainly the influence of the first Newton, the Newton 
of economical thought, of the hypotheses non fingo, and of the almost positivist Franklin. 
When we come to the chemical work we find the influence of the second Newton, the 
Newton of those passages in the “‘ Principia”’ to which I have referred, and of what 
Priestley himself calls the “ bold, eccentric thoughts ”’ of the Queries and the Opticks.|| 

Repeatedly in the course of his work he returns to his general views on the relation of 
speculation to facts. In the preface to the third volume of “‘ Experiments and Observ- 
ations on Air” (1777), he writes, ‘‘ The ingenious Abbé Nollet is a standing example of a 
fond adherence to systems, and Dr. Franklin of the advantage arising from facility in 
forming or rejecting them as phenomena occur.{] Asit was his example and encouragement 
that led me to attempt philosophical investigations, it is his example that I propose to 
form myself upon, and that I would recommend to others.” We shall see a little later in 
what way Priestley reconciled these philosophical views with adherence to the phlogiston 
theory, generally regarded as the great blot on his scientific memory. Sir Oliver Lodge 
has told us that Priestley in theory had no instinct for guessing right. Let us test that 
statement. Priestley shows that besides the metals, charcoal, black-lead, and red-hot 
glass are conductors, and that flame makes the surrounding air a conductor. He hazards 
the suggestion that there is no absolute distinction between conductors and non-conductors, 
but that there is a scale of conductivity in which all bodies must be placed. I quote his 
words : ‘‘ Independent of moisture, there is probably a gradation in all substances from the 


* “ History of Electricity,’’ p. 467. 

t ‘‘ The Mathematical Principles of Natural Philosophy,’’ translated by A. Motte (1729), vol. ii, 
pp. 392—393. 

t Newton’s “‘ Opticks,’’ 3rd edition, 1721, Queries, p. 375. 

§ ‘‘ Newton, Stahl, Boerhaave et Ja doctrine chimique,’’ by Héléne Metzger (F. Alcan, 1930). 

|| The reference is no doubt especially to Queries 30 and 31 following the ‘‘ Opticks.’’ See Priestley, 
“‘ Experiments and Observations on . . . Air,’’ vol. i (1774), p. 259. 

4] Op. cit., p. xvii. 








—-+ 465 65 wr 


"Ss"COQo fp es He 


sin 


OC OMS SD OSS Seti‘ 


We. 








H artog : The Bicentenary of Joseph Priestley. 899 


most perfect conductors to the most perfect non-conductors of electricity.” * He not 
only had a general conception of conductivity but he tried to measure it by experiments 
which are only invalid owing to the fact that he was using variable currents and had no 
knowledge of what we now call impedance. I should put alongside this general idea of 
conductivity the general idea, which has been hitherto overlooked, that any body may be 
converted by sufficient heat into a gas. In Volume III of the ‘‘ Experiments and Observ- 
ations ” (1777), p. 329, he writes: ‘‘ I by no means believe that I have discovered all the 
kinds of air that may exist in nature ; or, in other words, all the kinds of substances, simple 
or compound, that are capable of being reduced to a dry or permanently elastic vapour. 
For I believe there is no substance in nature but what is capable of assuming that form in 
a certain degree of heat.’’ But perhaps an even more striking instance of Priestley’s power 
of generalisation is this. From an experiment of Franklin’s, which he amplifies, he shows 
that two pith balls introduced into an electrified metal cup showed no signs of electrification. 
He then suggests that the attraction of electricity is subject to the same laws as that of 
gravitation, that is, that it follows the law of the inverse square of the distance, and he says : 
“It is easily demonstrated that, were the earth in the form of a shell, a body in the inside 
of it would not be attracted to one side more than another.’”’ His was the first announce- 
ment of Coulomb’s fundamental law of electrostatics. I have no time to dwell on his 
important work on the “‘ lateral explosion ”’ (re-discovered by Lodge as the “ side-flash’’) 
and the oscillating spark, which I have discussed elsewhere. f 

I pass from Priestley’s electrical work to his chemical. From 1770 onwards his scientific 
work was almost entirely related to chemistry. As Sir Harold Hartley pointed out a few 
nights ago at the Royal Society, the contrast between Priestley’s method of approach to 
electricity and his method of approach to chemistry is striking. He makes his electrical 
experiments after a systematic study of all that is known on the subject. He maintains, 
as I have pointed out, a balance between the two main theories and even suggests a third. 
But he slips into chemistry, as it were, by a side-door, and finding only one theory of any 
generality, the phlogiston theory, he adopts it without question. As you are all aware, 
the main hypothesis of the phlogiston theory is that when a body burns it gives up a 
principle called phlogiston. 

It was Priestley’s reflexion that charcoal, like metals, was a conductor and, like metals, 
contained phlogiston, that led him to make one of his first chemical experiments, if not the 
first. Priestley knows that charcoal will not consume by heating except in the open air, 
and he wishes to find out if metals behave in the same way. So he melts lead in a crucible 
after covering it with pipeclay and sand to keep it from contact with the air, and finds that 
it is only slightly calcined. 

But I do not propose to make any complete survey of Priestley’s chemical work. By 
mutual agreement (and not I confess without a personal pang) I have left it entirely to 
my very competent friends, Professor Meldrum and Sir Harold Hartley, to point out the 
amazing services rendered to chemistry by Priestley’s discovery of a large number of new 
gases.[ It is Priestley the theorist whom I wish to describe and I now turn to Priestley in 
his relation to that theory of Lavoisier which effected, as Priestley himself says, a revolution 
in chemistry. I am speaking here to an expert audience, to whom Lavoisier’s discoveries 


* “ History of Electricity,’’ Ist edition, p. 435, and 2nd edition, p. 411. He inserts the word 
“ probably ’’ in the second edition. 

+ In a discourse on “‘ Joseph Priestley and his place in the History of Science,’’ given at the Roya 
Institution, of which I have made free use in the present address (see Proceedings of the Royal Institution 
of Great Britain, vol. xxvi, pp. 395—430). 

¢{ I am permitted to add here a reference to a letter published subsequently to the delivery of this 
address on the date and place of Priestley’s discovery of oxygen, in Nature for July 1st, 1933 (vol. 182, 
pp. 25—26). In this letter I have shown that for Priestley himself the place of the discovery was London 
(at Shelburne House, now Lansdowne House) and the date, March Ist, 1775, and not the usually 
accepted date, August Ist, 1774, when Priestley made his famous experiment on mercurius calcinatus per 
sé, but, as he himself says, did not recognise the “‘ real nature ’’ of the “ air ’’ produced by heating that 
substance. Prof. R. M. Caven has pointed out, in a letter which gave rise to my own but was published 
simultaneously, that the experiment of August Ist, 1774, was made at Calne, in Wiltshire.—P. J. H. 
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and views are familiar at any rate in their main outlines. I would only remind you that 
in the establishment of Lavoisier’s views the centre point in Priestley’s eyes is Lavoisier’s 
theory of the composition of water; the crucial experiment, the decomposition of steam 
by red-hot iron, with the liberation of hydrogen or “ inflammable air” as it was then 
called. 

Roscoe and Schorleminer (famous teachers, to whom I owe a personal debt of gratitude) 
tell us that Priestley was ‘‘ unable to grasp ” the new ideas of the composition of water, 
and that “‘ he remained to the end of his days a firm believer in the truth of the phlogistic 
theory, which he had done more than any one else to destroy”; and Roscoe and Schor- 
lemmer’s views represent those still held by what I may call the chemical ‘‘ man in the 
street.” Yet does it not seem a little absurd to suggest that a man of Priestley’s intelligence 
should be unable to grasp the Lavoisierian theory? So far from this being true, he tells us 
himself that he was at one time a convert to the new ideas. He tells us in 1783 that he 
found Lavoisier’s theory so specious that he was tempted to adopt it. But certain experi- 
ments which he made on the absorption by calces (metallic oxides) of inflammable air, 
without noticing the formation of water, led him to reject it. Lavoisier pointed out his 
mistake. 

In 1785 he wavered again, on the strength of beautiful quantitative experiments 
obviously made to meet Lavoisier’s criticism. First of all, by means of a burning-glass, 
he calcines iron in a vessel containing oxygen and standing over mercury, and shows that 
the weight gained by the iron is equal to the weight lost by the oxygen. He then reduces 
the iron oxide to iron by means of hydrogen, and shows that the two processes can be 
repeated indefinitely. He shows again that the volumes of hydrogen and oxygen involved 
are as 2 to 1, just those which combine without residue to form water by means of the 
electric spark. In one of his experiments the figures show that the ratio of the loss of weight 
of the iron oxide to the weight of water formed is as 15 to 17. Our ratio of to-day is 16 
to 18. The inaccuracy is trifling for the period. 

He interrupts the account of his experiments to say that it appears to him very evident 
that water with or without fixed air (that is, carbon dioxide, due to carbon as an impurity 
in the iron) was the product of the inflammable air (hydrogen) and the pure air (oxygen) 
let loose from the iron in this mode of operation. But, he adds (alas for the tragedy of it) 
—‘ I was taught by Mr. Watt to correct this hypothesis, and to account for this result in 
a different manner ”—by that great engineer James Watt of all men, about whom a book 
has been written to show that he discovered the composition of water. It seems all so 
simple to us; yet Cavendish, the other reputed discoverer of the composition of water, 
whose experiments are so convincing to us, believed that the hydrogen of which water was 
partly composed itself contained water. Cavendish was a very able man, but even his 
friend Priestley found it difficult to reconcile that strange explanation with the principles 
of logic. 

Up to 1803, the year before his death, Priestley never ceased to worry about Lavoisier’s 
experiment and his ideas, to make fresh experiments and to write fresh memoirs on water. 
He says, repeatedly, that he is willing to adopt the new ideas if new and stronger evidence 
can be produced for them, but he still thinks that the facts admit of an easier explanation 
on the old system. The title of his last book, ‘‘ The Doctrine of Phlogiston Established, 
and that of the Composition of Water Refuted,” is, in part, misleading. In spite of the 
title he professes himself faithful to the principles of that scientific theory set forth in the 
“ History of Electricity,” and he is willing to abandon the phlogiston theory if the other 
can be shown to fit the facts better. ‘‘ In forming any general theory (he writes) we must 
content ourselves with the fewest difficulties.” * And again, ‘‘ Though the title of this 
work expresses perfect confidence in the principles for which I contend, I shall still be ready 
publicly to adopt those of my opponents, if it appears to me that they are able to support 
them. Nay, the more satisfied I am with the doctrine of phlogiston, the more honourable 
shall I think it to give it up upon conviction of its fallacy’; and he then quotes “ the 
noble example of Mr. Kirwan,” who had given it up.f In his final Note on Humphry 


* “ Doctrine of Phlogiston Established,’’ 2nd edition (1803), p. 43. t Op. cit., p. 104. 
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Davy’s essays he speaks of “ phlogiston, if there be such a thing as phlogision.” * It is 
his last reference to the subject. 

I admit that Priestley’s protean interpretations of the properties of phlogiston (into 
which I have no time to enter) are trying and difficult to follow. But some of his criticisms 
of Lavoisier’s experiments had a very real foundation and value. He pointed out that the 
product of combustion of the “‘ inflammable air” generated by passing steam over iron 
contains two bodies which the Lavoisierian theory could not account for, nitrous (our 
nitric) acid, and fixed air (our carbon dioxide). The nitric acid was due to nitrogen, an 
undetected impurity inthesteam. The fixed air was due to carbon, an undetected impurity 
in the iron; I say undetected, not unsuspected, for in reply to his critics Priestley tries 
to prove that neither of these impurities was present.f 

Priestley had, oddly enough, himself shown in 1791 that no fixed air is produced if 
malleable iron is used instead of cast-iron,{ but he was no expert in iron analysis. Even 
if he had known that there was carbon in cast-iron he could have had no idea that it could 
be converted into an inflammable gas. Neither he nor anyone else had been able to explain 
on the Lavoisierian theory the repeated experiments on the “ heavy inflammable air ”’ 
(our water-gas) produced by passing steam over red-hot charcoal. The mystery was 
solved by the discovery of carbon monoxide by William Cruickshank in 1801. Priestley 
tells us that he had heard how the French advocates of the new theory were for long “ kept 
in torture by these (?.e., his) objections, but that they were relieved from that torture by 
Mr. Cruickshank.’’ But he himself could not admit the possibility of an unsaturated 
oxide of carbon, an oxide that was both inflammable and not an acid.§ 

Nor were his objections at an end. If a metal was dissolved in acid, and hydrogen 
was evolved from the water, what became of the oxygen? And I will quote, in his own 
words, one final and not unreasonable objection, which proves, if further proof were needed, 
how clearly Priestley understood the theory he found himself unable to accept. The 
passage is from the “‘ Doctrine of Phlogiston Established,”’ 2nd edition, p. 91. “I shall - 
conclude this section with observing that in order to complete their proof of the decom- 
position of water, the antiphlogistians should produce some substance which by uniting 
with hydrogen in water should let go the oxygen in the form of dephlogisticated air, or 
some acid; and surely some such substance may be found, if their theory is true.” 

Priestley has been largely misjudged, because, in spite of the simplicity of his style, 
he is not easy for us to read. His nomenclature, except in his latest years, is entirely 
different from ours. Though individual sentences are clear, he writes with little idea of a 
plan, and seems irritated. by the admirable planning which makes Lavoisier’s memoirs 
so easy to follow. The very copiousness and accuracy of the descriptions of his experi- 
ments, often vitiated by impurities of which Priestley was not aware, and at which we may 
find it difficult to guess, sometimes make him seem obscure, even when he is thinking with 
perfect lucidity. 

Again, with a pang, I keep within my prescribed limits, and refrain from trying to 
conjure up a full-length portrait of Priestley the physicist and chemist. 

But I cannot conclude without saying one word more of the man himself; of the 
transparently honest man of whom Augustus Toplady, a theological opponent, wrote : 
“I love a man whom I can hold up as a piece of crystal and look through him ”’; of the 
lovable man who, in Huxley’s words, ‘‘ charmed away the bitterest of prejudices in personal 


* Op. cit., p. 119. The italics are mine.—P. J. H. 

{7 With regard to nitrogen, for instance, see the ‘‘ Doctrine of Phlogiston Established,’’ 2nd edition, 
p. 63; with regard to carbon Priestley tells us that ‘“‘ MM. Berthollet and Adet and all my opponents 
say that this fixed air comes from the plumbago contained in the iron ’’ (op. cit., p. 85). 

t Phil. Trans., 1791, 81, pp. 221—222. 

§ “ It therefore appears to me an absolute abandonment of the most fundamental principles of the 
new theory to call the air from finery cinder (magnetic iron oxide) and charcoal an oxide. If substances 
be combustible in proportion to their affinity with oxygen, and their consequent readiness to unite 
with it, this air, which is inflammable, must be of this class, and therefore the very reverse of the oxides, 
which are saturated with oxygen, and incapable of receiving more’’ (‘‘ Doctrine of Phlogiston Estab- 
lished,’’ 2nd edition, p. 31). 
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intercourse ”’; of the ardent advocate of civil and religious liberty for all, the challenger of 
Edmund Burke and the defender in 1791 of the principles of the French Revolution, though 
not of its crimes; of the man whose house, on account of that defence, was burnt down by 
a mob at Birmingham and who barely escaped with his life; of the man who remained 
cheerful despite the chilly indifference of his colleagues at the Royal Society, and the threat 
of being burnt alive by more violent opponents. Priestley remained serene and happy in 
his religious belief that all was pre-ordained by divine providence. He died, in exile in 
America, working at his beloved theology, and intrepid to the end. He was, said Frederic 
Harrison, though not the greatest mind, the hero of our eighteenth century. 

We do well at this bicentenary to illumine that great figure of the past with the flame of 
our memory. Priestley was a glory not only of British-science, but of British manhood. 

P. J. Hartoe. 





TuIs paper is divided into two parts. The aim, in the first part, is to show that Priestley, 
by his work on gases, made a contribution to science that is unique. The aim, in the 
second part, is to exhibit his work on nitrogen peroxide. 


ParT I. PRIESTLEY’S UNIQUE CONTRIBUTION TO SCIENCE. 


. some sulphureous Steams, at all times when the Earth is dry, ascending into the Air, 
ferment there with nitrous Acids, and sometimes taking fire cause Lightning and Thunder, and 
fiery Meteors. For the Air abounds with acid Vapours fit to promote Fermentations, as appears 
by the rusting of Iron and Copper in it, the kindling of Fire by blowing, and the beating of the 
Heart by means of Respiration ’’ (Newton, ‘‘ Opticks,’’ Qu. 31). 


Priestley’s Knowledge of Chemistry. 


Priestley, like Boyle, Dalton, Davy, Faraday, was not a university man; the 
education that he received was of the literary and philosophical kind; he was self- 
trained in experimental science. He never had a wide knowledge of chemistry: he was 
not “‘a practical chemist.”” He made that remarkable admission in scientific publications, 
in the memoirs of his life and in a letter that he wrote to Humphry Davy. He made it 
in a self-complacent mood, perhaps, glancing at trained men whose contributions to 
chemistry were smaller than his own. It is true, though it may seem incredible, that 
he made a great contribution to a science of which his knowledge was poor. I observe, 
as the clue to this mystery, that chemistry, up to his day, had been concerned so much 
with solids and liquids that its learning and processes, accumulated during centuries, 
were of little avail in work upon strange gases. Hence he could pursue the study of 
gases with the minimum of reference to the orthodox chemistry: he picked up a little 
of it, as he went along and as he felt the need, from books and from chemists who were 
his friends. 

The Background of Priestley’s Work. 


It is necessary to pay attention to the background of Priestley’s work. What had 
been done on gases up to the time that he began to study them? That can be shown 
in connection with two problems for chemists that arose in the 17th century and that 
were pursued in the 18th by Hales, by Black and by Cavendish. 


The Study of the Air in the 17th Century. 


Men of science, in the 17th century, felt a great impulse towards the study of the 
air. That impulse resulted, on the physical side, in the invention of the barometer and 
the air-pump and in the discovery of Boyle’s law. On the chemical side, efforts were 
made to ascertain the part that the air takes in the respiration of animals and the part 
that it takes in combustion. It was perceived that respiration and combustion are 
analogous processes: it was found that air is absorbed in each. Again, certain gases 
were observed that appeared to be different from ordinary air, notably hydrogen, carbon 
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dioxide, nitric oxide and nitrogen peroxide. Van Helmont was positive that gases exist 
which are distinct from air and from one another : in token he used the names gas sylvestre 
and gas pingue. Mayow, who tried to test this doctrine, was in two minds about it 
(Alembic Club Reprints, No. 17, pp. 100, 113, 116-118). The elder Bernoulli rejected it 
and protested against Mayow for having taken it into consideration (see Harcourt, Phil. 
Mag., 1846, 28, 505-507). 

Thus two problems were left for the 18th century to make what it could of them :— 
(i) the absorption and production of air in general and (ii) the existence of gases distinct 
from air and from one another. 

Stephen Hales. 


Hales made valuable contributions to the knowledge of vegetable and animal physiology 
and of chemistry. They are to be found in two books that he published: the “‘ Vegetable 
Staticks,” etc. in the year 1727 and the “ Statical Essays,” etc. in the year 1738. Arising 
out of his work on plants, he made copious experiments on the absorption and the pro- 
duction of air: he used materials of all kinds, solid and liquid, inorganic and organic, 
dead and living. From these experiments he drew the conclusion that air, in an inelastic 
state, is fixed in numerous solids and liquids (‘‘ Vegetable Staticks,” pp. 313—315; 
“Statical Essays,” p. 278). That conclusion, consolidating what the 17th century had 
thought of, was accepted in Holland by Boerhaave, in Italy by Boscovich, in Scotland 
by Black and in France by Rouelle and by Lavoisier. 

The observations that Hales had accumulated remained, in other respects, as raw 
material for the chemist of the future. He obtained various gases and studied them 
without making any advance on earlier chemists. We may think that in carbon dioxide 
he should have seen an example, and in nitric oxide an outstanding example, of a gas 
that is distinct from ordinary air. But our ways are not as his ways. 

Though we find Hales difficult to follow, Mayow and Newton could have understood 
him easily. They all belonged to the same school of thought in chemistry. Hales is an 
interpreter of chemistry in the 17th century. He recognised sulphur as a chemical 
principle and proposed that air should be recognised as another (“ Vegetable Staticks,”’ 
p. 316). Each of these principles was distinguished from the vulgar material, bearing the 
same name, just as elementary fire, in another school of thought, was distinguished from 
the fire that is used in the kitchen (Pott, “ Lithogéognosie,”’ etc., 1753, 1, p. 346). 

Hales thought that carbon dioxide has the nature of air. Let us see what he relied 
upon in comparing the one with the other. It was easy to show that air has weight ; 
it was difficult to detect a difference in weight between one gas and another: Hales, as 
well as Hawksbee, tried to detect it and failed (‘‘ Vegetable Staticks,” pp. 184—185). 
He did find that a gas, produced by fermentation, expanded and contracted under change 
of pressure and temperature like ordinary air (0p. cit., pp. 203—208). Dwelling on this 
agreement, he paid far too little attention to differences in other respects. 

Hales repeated the experiment, that Mayow had made (Alembic Club Reprints, No. 17, 
pp. 94—96), in which nitric oxide and air are mixed with one another in the presence 
of water (“‘ Statical Essays,’’ pp. 280—283). Each of them, looking at that experiment, 
considered the water as a means of watching the change in volume of the gases and did 
not perceive that the water acts as a solvent. Hales used sometimes colourless nitric 
oxide and sometimes the coloured mixture, of nitric oxide and nitrogen peroxide, as it 
came direct from iron and nitric acid. He paid no attention to the difference between 
them, unless in using the term “ sulphureous, tho’ clear air” (of. cit., p. 283) for the 
colourless material. He regarded both as being ‘‘ sulphureous.”’ 

The term “ sulphureous”’ was applied to all substances that act vigorously with 
ordinary air. Hales classed those gaseous materials with sulphur and with coal. Accord- 
ingly, far from comparing nitric oxide with ordinary air, he went off in a direction which, 
though it seems a false direction to us, had been taken by Mayow and by Newton. He 
supposed that ‘“‘sulphureous mineral vapours ’’—material, that is, comparable with 
nitric oxide—are ‘‘ exhaled from the earth.” Next he suggested that these vapours, 
setting up an “ intestine motion ” in the air, might cause the uncomfortable feeling that 
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is put down to sultry weather and, under certain conditions, might give rise to thunder 
and lightning (0p. cit., pp. 284—288; compare Mayow, Alembic Club Reprints, No. 17, 
pp. 147—150, and Newton, “‘ Opticks,’’ Qu. 31). 


Joseph Black. 


Black made known his work on the mild and caustic alkalis first by a Thesis in the 
year 1754 and next by a memoir—‘ Experiments upon magnesia alba, quicklime and 
some other alcaline substances.”” That memoir was read at a scientific society in Edin- 
burgh in the year 1755 and was published by the society (Essays and Observations, etc., 
1756, 2, pp. 157—225). He showed that chalk, when converted into quicklime, loses a 
particular gas that he called “ fixed air” and that quicklime, on taking up fixed air, 
becomes chalk. He showed also that other substances are coupled in the same way :— 
magnesia and calcined magnesia, fixed alkali and caustic alkali, mild volatile alkali and 
caustic volatile alkali. 

Thus Black, improving on Hales, commenced a revolution in science. The air and 
the gases had been regarded together as a kind of matter that is elastic and that is pro- 
duced and absorbed in chemical change. The revolution in science required, first, that 
gases should be distinguished from one another and, next, that each gas should be referred 
to the substances that produce and absorb it. Black, in effect, defined fixed air as the 
difference between chalk and quicklime. He knew, then, very little more about it. He 
judged that it is an acid. He knew it to be soluble in cold and insoluble in boiling water. 
For the rest I quote his words : 

“ Quick-lime . . . does not attract air when in its most ordinary form, but is capable 
of being joined to one particular species only, which is dispersed thro’ the atmosphere, 
either in the shape of an exceedingly subtle powder, or more probably in that of an elastic 
fluid. To this I have given the name of fixed air, and perhaps very improperly; but I 
thought it better to use a word already familiar in philosophy, than to invent a new name, 
before we be more fully acquainted with the nature and properties of this substance, 
which will probably be the subject of my further inquiry ” (Alembic Club Reprints, No. 1, 
pp. 30—31). 

Henry Cavendish. 

Cavendish, about ten years later, produced a memoir that is entitled “‘ Three papers, 
containing experiments upon factitious air’’ (Phil. Trans., 1766, 141). He had worked 
with fixed air, taking guidance from Black’s teaching, and with inflammable air pro- 
duced from metal and acid: had ascertained the specific gravity of each relative to 
ordinary air and also the solubility of fixed air in water and in alcohol. He found very 
nearly the same properties in specimens of each gas, prepared in different ways. This 
memoir, taken as a whole, constitutes Cavendish the founder of physical chemistry. I 
have taken only what is necessary for the present purpose. Cavendish proved at last 
and once for all, what van Helmont had surmised, that carbon dioxide and hydrogen are 
distinct from air and from one another. 


Joseph Priestley. 


The year after Cavendish produced his memoir upon “ factitious air,’’ Priestley pro- 
duced a history of electricity, carried out original experiments in that subject and turned 
his attention to chemistry. He settled in Leeds in the year 1767. Happening to live 
in the neighbourhood of a brewery, he was curious to examine the fixed air that is formed 
in the brewer’s vat. He made many experiments with this gas, used it for making aérated 
water and, when he removed to a distance from the brewery, learnt to make the gas for 
himself. His views widening, he studied the absorption of air by many agents, studied 
inflammable air and discovered the effect of vegetation upon air that had been breathed 
by animals, etc. 

At length, in the year 1772, he made his work known. He published a pamphlet that 
described his method of making aérated water. At the Royal Society, early in the year, 
he read a memoir that reported his work upon gases. What was then read is little in 
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comparison with what is printed. He greatly extended his memoir, working up to the 
time when it must go to the printer. He made additions to the sections that were read : 
he added four sections. In one of these he described hydrochloric acid gas. In another, 
which was read late in the year, he described nitric oxide and a method of using that 
gas for analysing atmospheric air. 

The pamphlet and the memoir aroused great interest. Each was translated into 
French and published in Rozier’s Journal with the minimum of delay. The Council of 
the Royal Society awarded the Copley Medal to Priestley on account of the memoir. 
Lavoisier gave a résumé of it and described it, in generous terms, as being ‘‘ the most 
laborious and the most interesting that had appeared since the time of Hales’; and as 
being ‘‘ suitable, more than any other recent memoir, for showing that physics and 
chemistry still offer new directions for effort ” (‘‘ CEuvres de Lavoisier,” 1864, 1, p. 512). 

This comment is generous and also appropriate. The study of gases had been making 
slow progress : men of the first rank in science avoided the subject or pursued it in a con- 
strained way. Black never published any memoir devoted to a gas. Cavendish, witness 
the memoir on “ factitious air ’’ and another, on the “ hardness ” of water (‘‘ Experiments 
on Rathbone-place water,” Phil. Trans., 1767, 92), was restricted to the two gases that 
had been known longest. He produced his next memoir on gases after an interval of 
16 years. 

‘“‘ Philosophers refute one another and men of science improve on one another.” 
Priestley owed much to Cavendish. He took a lesson from the memoir on “ factitious 
air’’ and improved on it. Working with fixed air, he taught himself how to handle a 
gas. Next he followed up observations that had been put on record and left unexplained. 
Exploiting Hales, he studied the many ways in which air is absorbed, observed the effect 
of vegetation in restoring vitiated air and discovered nitric oxide. Exploiting Cavendish, 
he discovered hydrochloric acid gas. Again, he could go outside the limits of pure science. | 
Cavendish had measured the solubility of fixed air in water. Priestley, exploiting fixed 
air for making aérated water, gave rise to an industry. 

By dwelling on the difference that Priestley made to chemistry only, we come far 
short of what is due to him. We can estimate the difference that he made to knowledge 
if we contrast science when it was limited to the study of solids and liquids—the science 
of the dark ages—with modern science that studies the three states of matter, severally 
and together. Priestley is unique in being the first to study gases freely and to handle 
them boldly, easily and quickly. All those results, above mentioned, and in addition 
the discovery of five more gases—nitrous oxide, ammonia, sulphur dioxide, oxygen and 
nitrogen peroxide—he produced in less than 10 years, having begun as a tyro. Each 
gas, as he could show, has properties in abundance. Moreover, in accordance with his 
handling of gases, he wrote about them in a familiar way that brought them within the 
range and the grasp of scientific men. 


Part II. PRIESTLEY’s WORK ON NITROGEN PEROXIDE. 


“We observe in the distilling of pure salt-peter, that at a certain season of the operation, the 
body, although it seem either crystalline, or white, affords very red fumes” ‘‘ though . . . by 
skill and care a reddish liquor may be obtained from nitre, yet the common spirit of it, in the 
making even of which store of these red fumes are wont to pass over into the receiver, appears 
not to be at all red ”’ (Boyle, ‘‘ Experiments and Considerations touching Colours ’’). 


What is meant by the discovery of a substance? Chemistry affords curious instances 
of that question. There is, for example, the discovery of fluorine, a substance that was 
perceived and named many years before it was isolated. That is one extreme. At the 
other extreme there are substances that were isolated long before they were discovered : 
for example, nitric oxide. 

Mayow and Hales, though they worked with nitric oxide, did not point to it as a gas 
distinct from ordinary air. Priestley is the discoverer of nitric oxide in the sense that 
he prepared it, worked with it, discovered many of its properties and recognised it as a 
distinct substance : he gave it, in token, the name of “ nitrous air.” 
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Nitrogen peroxide is formed, as a by-product, in making nitric acid. One can believe 
that it was seen when nitric acid was first prepared from nitre, centuries ago. Boyle 
commented on it in his ‘‘ Experiments and Considerations touching Colours.’”’ Mayow 
and Hales saw it, the red gas that is formed when nitric oxide and the air come together. 
Priestley discovered it in the sense that he discovered nitric oxide: he prepared and 
isolated it, studied it intensively and established many facts concerning it that are com- 
mon knowledge in chemistry. He is named in books as having observed two or three of 
these facts, one in this book and another in that. Yet, where he is credited with the 
discovery of nitric oxide, that is, in the text-books and dictionaries and histories of 
chemistry, even in the biography of him written by Thorpe (T. E. Thorpe, ‘‘ Joseph 
Priestley,” 1906), he gets no credit for the discovery of nitrogen peroxide. Davy and 
also Dalton gave him credit for it when they described their work on the oxides of nitrogen. 
Chemists, previously, paid almost no attention to nitrogen peroxide and Berzelius and 
Gay-Lussac, subsequently, named Davy and Dalton in connection with it. And so 
Priestley’s name slipped out of notice. 


Priestley carried out many investigations in which the starting point was nitric acid. 
From it he obtained nitric oxide, oxygen and nitrogen peroxide. Some time after having 
obtained nitric oxide he remarked on the importance of nitric acid: or, as he called it, 
“nitrous acid ”’: 


“T do not know any inquiry more promising that the investigation of the properties 
of niire, the nitrous acid, and nitrous air”’ (1774, 1,* p. 273). 


That amounts to a decision to study nitric acid and everything that he could get from 
it. Before long he got oxygen from it and commenced the work that led him to nitrogen 
peroxide. 

The main parts of the present subject are: (i) a study of nitric acid; (ii) certain pro- 
cesses in which nitrogen peroxide was produced; (iii) the isolation and intensive study of 
nitrogen peroxide. In treating the subject I have departed here and there from chrono- 
logical order. Hence I give the following conspectus where the salient topics are grouped 
under the volumes in which they are to be found. 


Conspectus. 
1774, 1. 
The decision to study nitric acid. 


1775, 2. 
Nitric acid vapour and nitric oxide. Efforts to get nitric acid “‘ in the form of air.” 





* Priestley published his chemical discoveries in books, including memoirs that had appeared in 
the Philosophical Transactions. There are three series, each consisting of three books, as is shown in 
the following table :— 
indicated by 
“ai 
“rae 
"RiGee 


Experiments and Observations relating to various branches “1779, 4” 


volume 1 

2 

3 

1 

of Natural Philosophy with a continuation of the Observ-} ,, 2 ‘1781,5”’ 
3 

1 

2 


Experiments and Observations on different kinds of Air, 
1774—7; 
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—_— ——, 
~ 
. 


ations on Air, 1779—86; “ 1786, 6” 


Experiments and Observations on different kinds of Air ( - “* 1790, 7°” 
and other branches of Natural Philosophy connected ne “1790, 8”’ 
a 3 “ee 1790, 9 ” 


with the subject, 1790. 


— 
. 
~ 


Some of these volumes appeared in more than one edition. Except in respect of printer’s errors, there 
is no difference between one edition and another—even the pagination is the same throughout. The 
third series affords the best means of making an approach to Priestley’s work in chemistry. The first 
and second contain much that was “ hastily put down just as the things themselves happened to turn 


up’’ and some of it wrong. In preparing the third, Priestley revised and pruned the old material, 
added new material, classified everything and made an effort to bring his opinions up to date. 
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1777, 3. 


A study of nitric acid. 
Nitrogen peroxide— 
The preparation from (i) nitric acid and 
bismuth; (ii) lead nitrate. 
The effect of heat. 
The action with (i) water; (ii) organic 
substances; (iii) red lead. 


1779, 4. 
Nitric acid solution : the effect of heat. Nitrogen peroxide: the preparation from 
various nitrates. 
Nitrososulphuric acid. 
1781, 5. 
Nitrogen peroxide from nitrates: the pro- 
cess reversible. 
1786, 6. 


Nitric acid vapour: the effect of light. 


A Study of Nitric Acid. 


Let me remark that what is labelled “‘ nitric acid” is not always the same thing: it 
must contain water and nitric acid; it may contain nitrous acid and oxides of nitrogen. 
Moreover, these substances act together so as to produce others that are not well under- 
stood even at this stage of the 20th century. Thus Priestley was engaged on complex 
material. He learnt, sooner or later, that nitric acid varies in quality : becoming partly 
aware of the difference between nitric and nitrous acids, he used the term “ nitrous acid ” 
for the ordinary material and “‘ phlogisticated nitrous acid’ for material that was rich in 
oxides of nitrogen. 

Priestley had been buying the nitric acid that he used. At last, towards the end of 
the year 1775, he decided that he must make it for himself. His aims were, he said :— 


“partly to save expence; but principally to examine with my own eyes everything 
relating to it, and make what variations I should think proper in the process, in order to 
get the acid in the several different states in which I might have occasion to use it, with- 
out depending upon the report of any practical chymist ” (1777, 3, p. 234). 


The friends to whom Priestley appealed for guidance responded at once. Mr. Woulfe 
furnished “‘ a most commodious apparatus for the purpose.” 


“Mr. Winch jun. . . . both gave me instructions how to use it, and also assisted me 
in conducting a process or two at the outset. 

“From this time I have made so many distillations of this acid, and have varied the 
circumstances of it so much, that I now think myself qualified to teach others; and there 
are probably few persons who have had more experience in this particular process than 
myself ”’ (op. cit., pp. 234—235). 


Priestley was an uncomfortable pupil. He had obtained oxygen from nitric acid. 
But it was believed, he said, that air is absorbed during the preparation of the acid; he 
ascribed that belief, quite wrongly, to Woulfe. Consequently he proved in a course of 
experiments that air is produced in quantity during the preparation of the acid. In his 
eagerness he commenced on that subject by making an addition to Woulfe’s apparatus 
the first time that Winch used it to conduct a process for him (of. cit., p. 237). 

Again, Priestley ascertained the effect of distillation upon the strength of the acid. 
His method of judging the strength was to measure the nitric oxide that the acid gave 
on acting with copper under certain conditions. This method of nitrimetry, which is 
the first on record and may arouse misgiving now, gave results in his hands. He found, 
for instance, that ‘‘ the acid which comes over first in distillation is the strongest ”’ (op. 
cit., p. 246); also that on distilling a very weak acid “the first produce was pretty 
strong . . . the middle part . . . hardly differed from mere water . . . and that which 
remained in the retort had . . . a great deal of acidity ” (of. cit., p. 254). 

Priestley paid great attention to the colour of nitric acid and nitrogen peroxide or, 
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as he called them, “ nitrous acid” and “ nitrous acid air.’”” He observed that the acid 
is sometimes colourless and sometimes yellow, brown, blue and green; that its vapour 
is sometimes colourless and sometimes red ; and that “ nitrous acid air ’’ is always coloured. 
He wanted to understand these things. His mature conclusions were that the acid has 
naturally no more colour “ than the vitriolic acid, or than water itself” (1779, 4, p. 2) 
and “that with the less heat the acid is made, the lighter the colour of it will be” 
(op. cit., p. 453). He found that it gains colour in various ways: (i) on communicating 
phlogiston to it; (ii) by the agency of heat; (iii) by the agency of light. 


Nitric Acid and Nitric Oxide. 


Various substances were used for imparting phlogiston to nitric acid. Amongst these 
Priestley paid great attention to nitric oxide; he observed the action between that gas 
and the acid in the state of liquid and of vapour. I proceed to consider the action between 
the gas and the vapour, that between the gas and the liquid being not quite relevant to 
the present subject although it is interesting and important. 

The nitric oxide was contained in a bottle the mouth of which was immersed in 
water. The solution of the acid was boiled and the vapour was led into the gas by a tube 
that passed well within the bottle. A red vapour was formed and was absorbed by 
the water. At various stages in this experiment, Priestley withdrew nitric oxide in order 
to ascertain its condition. Thus he followed the process carefully and must have repeated 
it time and again. What he saw he put on record without theory or explanation. He 
noted two periods of induction, to use the modern term. The gas and the vapour being 
mixed, the red vapour was produced after a time; it persisted for a time before beginning 
to dissolve in the water. 


“the whole progress of this experiment is not a little remarkable. The moment that 
the phial of nitrous air was exposed to this vapour, it became white, then transparent, 
then red: and, lastly, transparent again. I took one quantity of this air, when the 
whiteness had just gone off; and found that it was but little different from pure nitrous 
air, diminishing common air almost as much. Taking another phial when it was quite 
red, one-third of the quantity had disappeared, and its power of diminishing common air 
was about one-half of what it had been. I then let another phial remain exposed to this 
vapour, till I perceived that the diminution would go no further; when only 1/20 of the 
original quantity remained, and this did not affect common air at all. 

“When this process is quick, that is, when the nitrous vapour comes very fast, the 
whiteness preceding the redness . . . can hardly be perceived. . . . I observed that the 
vessel containing nitrous air continued exceedingly red for about a minute, without any 
visible change in the dimensions of the air; after which it was suddenly diminished to 
about one-fourth of its original quantity ” (1775, 2, pp. 170—171). 


Nitric Acid: the Effect of Heat. 


Priestley observed, on heating coloured nitric acid, that the coloured material volatilises 
first and that the residue is colourless. He was surprised to find that this colourless acid, 
which he had expected would “‘ always continue colourless ’’’ (1779, 4, p. 14), became 
coloured when heated again. Suspecting that phlogiston had somehow got access to 
the acid, he took means to obviate that : he heated the acid in sealed tubes. He called 
this “a new mode of examining a variety of fluid substances ’’ (of. cit., p. 6). Years later, 
he put sealed tubes “in gun-barrels, closed with metal screws ”’ (1790, 9, p. 32). His 
purpose was, not to avoid danger if and when a tube should burst, but to ascertain the 
effect of heat on nitric acid in the absence of light. 

The early experiments in sealed tubes, to which I return, led to observations that are 
surprising in their variety and that cannot all be readily explained. Priestley heated 
nitric acid of different qualities in tubes that were 3 to 4 feet long and described the results 
with great satisfaction. In a certain experiment he used “ the strongest and palest sort ” 
of acid. The first effect of heat was to give it an orange colour. 
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“ After this, a red, or deep orange coloured vapour, appeared above the surface of the 
acid, and gradually ascended higher into the tube, at the same time that the acid itself 
grew paler, and at length became quite colourless, like water. . . . 

“This red vapour kept rising higher and higher in the tube, leaving a considerable 
space, some times of ten or twelve inches, between it and the acid, all which space was 
quite transparent. This was a very pleasing appearance etc. 

“TI observed, however, that by the continued application of heat the quantity of red 
vapour increased, and the colour grew manifestly deeper ; ”’ 


Fearing that the tube might burst, he allowed it to cool 


“and presently saw the red vapour descend lower and lower, till it reached the colourless 
acid at the bottom of the tube, and, entering into it, communicated to it its own orange 
colour ’”’ (1779, 4, pp. 7—9). 

Nitric Acid: the Effect of Light. 


Priestley made two contributions to photochemistry : he showed (i) as is well known, 
that green plants produce oxygen under the influence of light and (ii) that light decomposes 
the vapour of nitric acid. 

The suggestion was made to him “ by a philosophical friend ”—Kirwan, it would 
seem (1790, 9, p. 33)— 


“that the air incumbent upon the acid might possibly affect its colour ”’ (1786, 6, p. 343). 
Priestley therefore commenced experiments by which he proved that “air as such had 
no influence in the case ’’ except “‘ as affording space for the vapour of the acid”’: and 
that light does not act upon the acid in the state of liquid and does act upon it in the 
state of vapour. 

Priestley prepared “ colourless spirit of nitre”’ and let ‘‘ it cool again in the dark.” 


“T put different portions of it into several phials, some of them quite full, and others 
only half full, with every different species of air incumbent upon them, except the 
nitrous; . . . Then leaving the phials exposed to the light of the sun, in a few days I found 
the acid in all of them that were only half full considerably coloured ; whereas, the acid in 
the phials that were quite full remained as colourless as water ”’ (op. cit., pp. 343—344). 


He observed next the effect in the absence of air: 


“T contrived to have a vacuum above the acid; but still, when it was exposed to the 
light, it became coloured. . .” 


He next observed the effect in the absence of light : 


“I then took some of the phials that were only half full, and covering them from the 
light exposed them for several days to a considerable degree of heat. But in that 
situation they never acquired any colour.”’ 


He now felt himself master of the subject. 


“ Being now satisfied that it was the action of light upon the vapour of spirit of nitre 
that gave it colour, I amused myself with throwing a strong light, by means of a lens, 
into the upper part of a phial, the lower part of which contained colourless spirit of nitre. 
And in this manner I found that I could soon give a strong orange colour to the vapour 
of the acid; and that, being imbibed by the liquid acid with which it was in contact, 
this also became coloured, first at the top, and then quite through its substance ”’ (of. ci?., 
pp. 344345). 

Nitric Acid “in the form of air.” 


The discovery of hydrochloric acid gas was a stimulus that led to the discovery of 
other gases : not only ammonia and sulphur dioxide but also nitrogen peroxide. Priestley 
hoped to obtain nitric acid ‘“‘ in the form of air.’’ Thus he said, in the year 1777 : 


“My readers will easily recollect, from my former publications on the subject of air, 
that my greatest desideratum has been to exhibit the nitrous acid in the form of air, after 
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having exhibited some other acids, and the alkaline principle, in that manner... . 
Since the idea first occurred to me, I have never once lost sight of it; being well aware 
of the unspeakable importance of it in such investigations as I have been engaged in ”’ 
(1777, 3, p. 174). 


Priestley tried to treat nitric acid as he had treated hydrochloric acid. When he 
boiled the solution he found that the vapour dissolved in water and corroded mercury 
(1774, 1, p. 273); next he tried to collect it over ‘“‘ melted hog’s lard ’”’ and “ got nothing ” 
(1775, 2, pp. 330—331). Such were his efforts up to the end of the year 1775. At last 
he made a pregnant reflection. During the collection of nitric oxide, prepared from a 
metal and strong nitric acid, he had often seen in the pneumatic trough, 


“‘ very large bubbles to issue from the end of the tube that transmitted the air, but exceed- 
ingly small ones rising to the top of the jar, I caught the hint of getting nitrous vapour 
by this means. For the large bubbles, I was well satisfied, must have been the nitrous 
acid itself in the form of air, but presently absorbed by water; while the small bubbles 
were the nitrous air”’ (1777, 3, p. 177). 


The Apparatus. 


Consequently he made a fresh start. By the interaction of bismuth and strong nitric 
acid he obtained a gas that was nitrogen peroxide. An apparatus was ready to hand in 
which to prepare the gas. It was made solely of glass—a flask with a leading tube fitted 
to it by grinding : as Priestley said, “a phial . . . fitted with a ground stopple, perforated, 
and drawn out into a tube ” (1775, 2, p. xl). He descanted upon the advantages of this 
arrangement : 


“ Till I hit upon this contrivance, which was executed for me by the direction of Mr. 
Parker, I had a great deal of trouble in perforating common corks, bending and fitting 
tubes to them; and, after all the corks themselves, or the cement, with which I generally 
found it convenient to cover the ends of the tubes, were apt to give way, and to be the 
occasion of very disagreeable accidents. Besides, if any hot acid was used, the vapour 
would corrode the cork, and an allowance was to be made for the effect of that circum- 
stance on the air: whereas, with this apparatus, which is exceedingly convenient and 
elegant, the operator may be sure that nothing but glass is contiguous to the materials 
he works upon, as he can perfectly exclude every other foreign influence; and, while it 
remains unbroken, it is never out of repair, or unfit for use ”’ (0p. cit., pp. xl—xli). 


This contrivance did not originate with Priestley. Cavendish, years earlier, used 
something similar and described it with the eloquence that lets things speak for them- 
selves: he referred to a diagram 


“‘ where A represents the bottle, in which the materials for producing air are placed; hav- 
ing a bent glass tube C ground into it, in the manner of a stopper; E represents a vessel 
of water; D the bottle to receive the air” etc. (Phil. Trans., 1766, p. 141). 


Priestley and Cavendish : a Contrast. 


What Priestley did was to substitute a flask for the bottle A in Cavendish’s arrange- 
ment; the flask, long and narrow, was a better shape than the bottle and in other ways 
handier. The difference between the two arrangements is of less importance than the 
use to which each was put. That depended upon the temperament of each man, tem- 
perament being all-important in science. Priestley exploited his apparatus to the full. 
Cavendish made use of his with excellent results and stopped as if he could do nothing 
more. Between these two men, who were friends for many years, I can see nothing in 
common beyond a passion for science. Cavendish would publish only what satisfied his 
conscience and he withheld much from publication ; in carrying out work he was laborious 
and artistic to an extreme degree. This aristocrat had none of the airs and graces that 
will be of no avail at the Day of Judgment and that are effective in society; he was 
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troubled when he must meet a stranger. He was a social failure and Priestley was a 
social success. Priestley, who came of plain English stock and was a Nonconformist— 
one still comes across people who sneer at this Nonconformist—had the joze de vivre: he 
loved to meet his fellow-creatures, made innumerable friends, wrote books on many 
subjects, was always ready for a controversy, made experiments in profusion, discussed 
them with his acquaintances and published them eagerly. 


The Collection of Nitrogen Peroxide. 


A change in technique, even a trifling change, may make a big difference in result. 
Priestley’s methods in handling gases, which were new and effective, were in the main 
improvements, some of them small, on earlier methods. He made a great success, follow- 
ing Cavendish, by using mercury in his work: that enabled him to collect hydrochloric 
acid, ammonia, sulphur dioxide, silicon fluoride. He collected all his gases over water or 
over mercury, one gas excepted. 

Progress in technique sometimes depends on seeing what is obvious. Priestley had 
to find the right method of collecting nitrogen peroxide. Mercury, water and whale’s 
oil, all which he tried, being useless, he thought of the obvious and simple method of 
passing the gas into a bottle :— 


“it occurred to me, that . . . it might not be wholly without its use, if I should shut 
up this vapour in dry glass phials, with ground stopples ” (1777, 3, p. 184). 

“And as I could not well produce this acid vapour at all without generating enough 
to fill a great number of phials, I generally placed six, eight, or ten of them in a row, 
filling them with the vapour one after another, and sometimes supplying them all several 
times in the course of one process ”’ (of. cit., p. 195). 


Thus Priestley, it would seem, invented the method of collecting a gas by displace-' 
ment of air, using a leading tube. He did not draw special attention to it or to the 
advantage that it has, over previous methods, of avoiding the presence of water or mercury 


along with the gas. He pointed to the use of a stream of gas, as being a “‘ new mode of 
operating.” He had thus three ways of trying the effect of the gas upon a substance :— 


“One was, to put the substance into a clean phial, and then to throw a stream of the 
vapour upon it. Another was, first to fill the phial with the vapour, by which method 
the quantity of it might be, in some measure, ascertained, and then to introduce the 
substance to it at the mouth of the phial. Lastly, if the substance was fluid, I could 
plunge the tube, through which the vapour was transmitted, as deep as I pleased into it, 
and thereby diffuse the vapour through the whole body of it ” (of. cit., pp. 194—195). 


The Relation between Nitric Acid and Nitrogen Peroxide. 


Before I proceed to the experiments that were made, let me give a brief account of 
the opinions that Priestley held regarding nitric acid and nitrogen peroxide in relation 
to one another. As a believer in the theory of phlogiston, he held that nitric acid becomes 
coloured when it gains phlogiston. In the end he came to believe that gain of phlogiston 
means loss of oxygen. In particular, he accepted Lavoisier’s doctrine on acids. He 
said, in the year 1790 :— 


“the doctrine of dephlogisticated air being, or containing, the principle of universal 
acidity, had been advanced by Mr. Lavoisier, and admitted by myself, and others ’’ (1790, 
9, p. 44). 


Consequently he connected the production of colour in nitric acid with loss of oxygen :— 


“heat gives colour to the nitrous acid by expelling the pure air, which leaves the rest 
phlogisticated ” (op. cit., p. 17). 


It is noteworthy that Priestley had not got all that he wanted when he obtained nitrogen 
peroxide. He knew it to be “ loaded with phlogiston ”’ and he wanted to “ separate the 
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phlogiston from it” (1777, 8, p. 176). Thus he hoped, I infer, somehow to get from 
nitric acid a substance containing less phlogiston—more oxygen, that is—than nitrogen 
peroxide and he expected that it should be a colourless gas. 

Priestley knew that nitrogen peroxide, as he made and collected it, contained some 
nitric oxide and some air. He was confident, when he set to work on it, of getting results. 


“I saw opened to me an intire new field for experiments, towards which I looked 
with pleasing expectation, even while the prospect which it afforded was very indistinct ; 
being satisfied, from the nature of the acid, and the important part it acts in the system 
of nature, that it could not fail amply to reward whatever labour I should bestow upon 
it” (op. cit., p. 194). 

The Effect of Heat. 

Priestley noticed the effect of heat upon the gas in deepening its colour. He reports 

that 


“In order to make some experiments of this kind to proper advantage, I procured a 
glass tube, three feet long, and about an inch wide, closed at one end, and fitted with a 
ground stopple at the other. This tube I easily filled with red vapour, in consequence 
of its being much heavier than common air; and closing the open end with the stopple, 
observed, that that part of the tube which I held in my hand was manifestly of a deeper 
colour than any other part of the tube. On this I held one end of it to the fire, and found 
that that end grew most intensely red, three or four times more so than the rest of the tube.” 
[He also saw the whole tube assume] “‘ the same deep red colour, when the whole length 
of it was made equally hot: . . . it became alternately of a deeper or lighter colour, 
according as it was kept hot or cold ”’ (op. cit., pp. 186—188). 


Nitrogen Peroxide and Water. 


Priestley found, as he expected, that this gas gives “nitrous acid’ on dissolving in 
water. First he prepared the solution on a small scale. Next, in order to impregnate 
the water completely, he made ready an apparatus consisting of the flask in which to 
make the gas and of three wash-bottles placed in series: he “ had all the glass tubes 
fitted to their respective holes by grinding ’”’ (0p. cit., p. 3). He observed, as the gas 
reached the water in the first bottle, that the water began to sparkle and become first 
blue, next green and finally yellowish. 


“ The water, after becoming warm, began . . . to sparkle, and emit air; after which 
it became blue, still continuing to give air in much greater plenty than before. After 
this the water became green, about which time the emission of air ceased; and lastly, 
after the green colour had deepened very much, so as to appear almost black, when 
viewed in the same direction with the light that fell upon it, a yellowish tinge was per- 
ceived to be diffused through the green colour; and this was the last state to which I 
could bring the water by this impregnation ” (of. cit., p. 198). 


He watched this process go on in one bottle after another. 


“‘ T also observed that, about the time that the water in the first of these vessels became 
blue, that in the next began to sparkle; and when the water in the first turned green . 
the water in the next vessel became blue, and that in the following to sparkle ’”’ (of. ci., 
pp. 198—199). 


The gas that came off during the sparkling of the water Priestley found to be nitric 
oxide. He was impressed by the amount of it. Taking a certain volume of the water 


“‘T got at one time more than ten times the bulk of the water, all pure nitrous air” 
(op. cit., p. 200). 
He considered what could be the source of this gas. All he could be sure of was that the 


gas, in such abundance, had not been produced along with the nitrogen peroxide. ‘‘ The 
production of it in this case is quite another thing and must have a different cause ’’ (ibid.). 
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Priestley observed that the green solution he had obtained “ in this manner contains 
more phlogiston than common spirit of nitre”’ (op. cit., p. 205). He put some of it in 
an open glass and blew upon it. He saw that a copious red vapour came off and that the 
colour changed to yellow. 


“When the green colour is blown out of this impregnated water, it is not to be dis- 
tinguished, in any respect, from the strongest yellow spirit of nitre ” (op. cit., p. 204). 


Nitrogen Peroxide and Organic Substances. 


Numerous other substances were tried along with nitrogen peroxide. Spirit of wine 
dissolved the gas and at length formed two layers, the upper of which Priestley recognised 
as “nitrous ether” (of. cit., p. 213). Whale oil, essential oil of mint, oil of turpentine, 
absorbed the gas, became hot, and changed colour; the liquid, on cooling, changed colour 
again and coagulated in course of time. The modern organic chemist, who uses nitrogen 
peroxide as a means of studying terpenes, can understand that his own crisp results were 
not obtained in the beginning. Priestley found that the solution of the gas in oil of 
turpentine, when kept for some time, “ yielded air . . . copiously ... this . . . was 
mere phlogisticated air [nitrogen], without any mixture of fixed air”’ (of. cit., pp. 211— 
212). 

Nitrogen Peroxide and Inorganic Substances. 


Priestley found nitrogen peroxide to be very soluble in caustic alkali solution. Not 
being skilled in working with salts, he did not think of evaporating the liquid and getting 
crystals :—‘ seeing nothing remarkable in the appearance of the liquor, I did not prosecute 
the experiment ” (of. cit., p. 228). With hydrochloric acid solution he obtained “‘ an aqua 
regia of incomparably more power,” he said, than “‘ common aqua regia ”’ as a solvent for 
gold (op. cit., pp. 219—220). He observed the gas to be very soluble in sulphur dioxide 
solution and failed to detect the production of sulphuric acid (of. cit., pp. 221—222). 


Nitrososulphuric Acid. 


Quite the most important result was the production of nitrososulphuric acid. Nitrogen 
peroxide was absorbed by sulphuric acid: some of the resulting liquid, on addition of 
water, became hot and gave off a great quantity of “ dense red vapour ”’ (of. cit., p. 218). 

This liquid was put into phials. Priestley looked at one of these phials, after a year, 
and saw only liquid in it. He saw it, the next day 


“almost filled with the most beautiful crystallisations imaginable. 


“Their form, as nearly as I can describe it, was that of a feather. They were about 
twenty in number, some of them as large as the phial could contain, and many of them 
parallel to each other, but others lying in different directions. The two parts, as it were, 
of the feather made an angle with each other of about 160 degrees, and each of the single 
fibres that composed the feather, but which were connected, like the toes of a duck’s 
foot, by the same substance (but thinner, and more transparent than the rest) made an 
angle with the stem from which they arose of about 45 degrees. A more beautiful appear- 
ance can hardly be imagined, and I am afraid I shall never see the like again ”’ (1779, 4, 
pp. 29—30). 


The liquid, in another phial, was almost all crystallised after six months. 


“The crystals looked exactly like ice . . . on dropping a piece of this ice into pure 
water, it became green, and effervesced with great violence; and, what made a beautiful 
and striking phenomenon, all the water in which the ice was dissolved began instantly 
to sparkle with the spontaneous and copious production of air. With the help of a little 
heat, this production of air was so great, that the quantity was more than a hundred 
times the bulk of the ice that had been dissolved. It was the purest nitrous air” (of. 
cit., p. 27). 
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These crystals had been formed in course of time. Priestley learnt how to produce 
them at will. He passed nitrogen peroxide into a little sulphuric acid, contained in a 
large bottle, until the acid was almost saturated. 


“Then immediately throw in a very copious nitrous vapour, so that the whole phial 
shall be intensely red, and running over; after which put in the stopper, and let it remain 
quite still . . . all the sides of the phial, and especially the parts towards the bottom 
will soon be quite covered with those crystals ”’ (op. cit., pp. 450—451). 


This subject was not new. Guyton de Morveau, reviewing it afterwards in the 
“Encyclopédie méthodique, Chimie,” named various chemists—Bernhardt, Lavoisier 
and Bucquet, Cornette, Dehne—who had obtained these crystals before Priestley or 
about the same time as he. Bernhardt (1765) obtained them when making nitric acid by 
distilling a mixture of nitre and “ calcined vitriol.” Lavoisier and Bucquet (1777) used 
what is Bernhardt’s method in essentials. Cornette (1777) heated a mixture of charcoal 
and a nitric acid which, as he ascertained, contained sulphuric acid. Dehne used nitre 
and fuming sulphuric acid. Guyton de Morveau perceived that the method of Priestley 
threw light on all the other methods: he called it “le plus simple, le plus direct, le plus 
facile ” (‘‘ Encyclopédie méthodique, Chimie,” 1, p. 187). 

Priestley arrived at a theory regarding the crystals and of the process in which they 
were formed. He found that the liquid in contact with the crystals, when they were 
well formed, consisted mainly of nitric acid. Therefore he concluded that the crystals 
consist of sulphuric and nitric acids and, also, that the process depends on a strong affinity 
between nitric acid and water. 


“Here then is a case in which the nitrous acid appears to have a stronger affinity 
with water than the vitriolic: for in a course of time, it intirely expells the vitriolic acid 
from it, and unites with it itself; all the vitriolic acid being precipitated in the crystals 
that consist of both the acids ”’ (op. cit., p. 34). 


The Action with Red-lead. 


The effect of nitric acid upon red-lead, as Priestley knew, is to give an almost black 
substance. When he passed nitrogen peroxide over red-lead, he obtained, to his surprise, 
“a perfectly white and brittle’ substance (1777, 3, p. 231). He had to find a good method 


of carrying out this change. 


“ After many trials . . . I succeeded best by first slightly moistening the inside of a glass 
jar, and, by applying the red-lead to every part of it, giving the jar as thick a coating 
as I could; and after this throwing the vapour into it, by inserting the tube through 
which it issued very deep into the jar. . . . It is remarkable that, in this experiment, 
the red-lead that is nearest to the glass becomes white first ” (7b7d.). 


The action between a solid and a gas is not so simple as it may seem. Priestley, trying 
a plausible method that did not work, passed nitrogen peroxide through bottles containing 
red-lead and connected in series. He found that 


“the red-lead in the first phial became very slightly white, just at the bottom where 
the vapour entered it, and also in a circle close to the glass at the top; and that near 
the top of the second phial there was a similar circle, but not near so white, while the 
rest of the lead was of a darker colour. But the whole quantity was considerably increased 


in weight by this means ”’ (op. cit., pp. 231—232). 


Priestley’s want of familiarity with ordinary chemistry is seen in his tardy identification 
of this white substance. When first reporting it, he called it a “‘ new kind of white-lead ”’ 
(tbid.). Two years later he called it “‘ white minium ” (1779, 4, p. 35). At last, after 
another two years, he reported having obtained it from lead and nitric acid and called it 
“nitre of lead’ and “ nitrated calx of lead ” (1781, 5, pp. 239—241). 

Finally, Priestley arrived at a method for making nitrogen peroxide which came to 
be, and for long remained, the standard method: that is, by heating lead nitrate. He 
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noticed what appears to be inevitable in it, namely, the production of a small amount 
of water along with the peroxide. He heated the nitrate in a glass tube that was closed 
at one end. When the red vapour filled the tube and was escaping, he sealed the open 
end. Next he removed the other end together with the residue from the nitrate (1779, 
4, pp. 35—36). 

Extending this method, he prepared the same gas from other nitrates. He used in 
all, he said, “ white nitrated calces of lead, zinc, copper and tin” (1781, 5, pp. 240—241). 
Also, he made the important observation that the residue from the nitrate could absorb 


the gas. 


“If the white calx from which the red vapour was expelled be suffered to remain long 
in the tube, it will reimbibe the whole of it. But then the vapour may be expelled again 
by heat, and will continue to fill the tube a considerable time” (of. cit., p. 242). ‘“‘ The 
red vapour was reabsorbed by all the calces, but less slowly by the calx of lead than by 
those of tin and copper, and most quickly by that of zinc ” (of. cit., p. 241). 


This work on nitrogen peroxide shows the well-known Priestley: his ardour in dis- 
covery, his clever hands and eyes that nothing could escape, his resource in difficulty. 
It shows him making contributions to the knowledge, not only of gases, but also of liquids 
and solids. Again, certain of his discoveries came to him easily—ammonia gas, for 
example—and were not greatly extended when he recurred tothem. This work is remark- 
able because it shows effort made in a particular field renewed time and again and rewarded 
by success after success. The work is abundant in material for the teacher and the 
investigator. Some of the material remains, ready for exploitation, just as Priestley 


left it. 
A. N. MELDRUM. 





AFTER listening to Sir Philip Hartog and Professor Meldrum, you may wonder if there 
remains anything for me to add, but Priestley’s life was so full of accomplishment and 


interest that even without their friendly connivance I think there must have been some 
new aspects left to explore. 

Sir Philip has given us a picture of Priestley’s personality, his varied activities and 
interests, his versatility, his quickness of perception and his rapid grasp of a new subject, 
which explains to some extent his vast output of literary and scientific writings. I was 
particularly glad that he spoke of Priestley’s ‘‘ History of Electricity,’’ his first scientific 
work, and an astonishing accomplishment for a novice in less than a year. He described 
for us Priestley’s attitude towards scientific theories and his reasons for adhering deliber- 
ately to the theory of phlogiston. 

Professor Meldrum described the historical background of Priestley’s discoveries and 
sketched for us the great tradition of pneumatic chemistry in this country. For a century 
chemistry made but slow progress owing to the neglect of gases by chemists, and Priestley’s 
position is unique as he first taught chemists how to handle gases and convinced them of 
their chemical individuality. 

May I first add a little to what Professor Meldrum has said of Priestley’s debt to his 
forerunners as regards technique. Boyle and Hooke first devised methods of handling 
gases, and these were added to by Mayow, whose “ Essays ”’ published in 1674 contain 
the first illustrations of pneumatic apparatus. Mayow anticipated the principle of the 
McLeod gauge in a method he devised for comparing the compressibility of gases with that 
of air in order to ascertain whether they are true gases or not. Mayow’s book was not 
known directly to Black, Cavendish, Priestley, or Lavoisier, but luckily it came into the 
hands of Stephen Hales, a most ingenious experimenter, who developed Mayow’s methods 
and described them in his ‘“‘ Vegetable Staticks”’ published in 1727. Hales played an 
important part in the history of pneumatic chemistry. Not only did he hand on his know- 
ledge of Mayow’s methods to Black, Lavoisier and Priestley, but his writings had a most 
stimulating effect in directing their thoughts towards the study of gases. Black, speaking 
in his lectures of his discovery that magnesium carbonate loses a large proportion of its 
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weight on heating, said ‘‘ This appeared at first an unaccountable fact; but it made me 
recollect some of Dr. Hale’s experiments, described in an essay to which-he gave the title 
‘The Analysis of the Air.’. . . I began to suspect that the loss of weight was occasioned 
by the loss of a quantity of elastic aerial matter or air.” 

Lavoisier in the historic note, dated November Ist, 1772, but not published until 1805, 
in which he explained the increase in weight of sulphur, phosphorus and metals during 
combustion as due to the fixation of air, says that he used an apparatus described by 
Hales for reducing litharge by heating it with charcoal. 

The first mention of Priestley’s researches on gases is in a letter dated 25th February, 
1770, when he says “ I am now taking up some of Dr. Hales’ enquiries concerning air.” 

Professor Meldrum has spoken of Priestley’s discoveries of new gases and has described 
the thoroughness with which he investigated nitrogen peroxide. We think of Priestley 
as a discoverer—as he said to Davy “ I was a discoverer before I was a chemist ’’—but I 
wonder how many realise the extensiveness of the study Priestley made of the gases he 
discovered, in how many different ways he prepared them and how many facts he estab- 
lished about them. I have in my hand the fifth volume of his experiments, in which he 
gives “‘a summary view of all the most remarkable facts in this and the four preceding 
volumes.” He deals with ten different gases and the summary is a remarkable record of 
his discoveries concerning them. I will take three examples—oxygen, nitrous oxide and 
ammonia. 

Dephlogisticated air or oxygen, Priestley prepared from a large number of different 
substances, by heating oxides, nitrates and sulphates, and he observed correctly that he 
could never obtain it by heating a chloride. ‘“‘ It is found in the bladders of sea weed, in 
water and in sea water. It is produced by a green vegetable matter in water, but not 
without the influence of light. . . . It is heavier than common air.”’ 

Dephlogisticated nitrous air or nitrous oxide he made from nitric oxide by long exposure 
to iron, or to a mixture of sulphur and iron, and also by dissolving metals such as tin and 
zinc in dilute nitric acid. He purified the gas by dissolving it in water and then expelling 
it by heat from the solution. ‘‘ When absorbed by water it imparts no acidity to it.” 

Alkaline air or ammonia he prepared by heating sal-ammoniac with slaked lime. He 
found it heavier than inflammable air but lighter than marine acid air (hydrogen chloride). 
“‘ The electric spark taken in alkaline air produces inflammable air, and the quantity of 
inflammable air is three times that of the alkaline air.” 

Priestley’s great service to chemistry was the extensiveness of his work which revealed 
to chemists the variety of substances which could exist in the gaseous state, their 
individuality and the importance of the part they played in chemical reactions. No 
longer could chemists believe that “‘ there was only one kind of air loaded with different 
vapours.” 

Davy has told us what his work meant to his contemporaries :—‘‘ It is scarcely 
possible,’’ he said, “‘ to advance a step, or to perform a process in pneumatic chemistry, 
without having recourse to his methods, and making use of substances he first exhibited. 
His experiments, though neither accurate nor minute, were almost always on subjects 
of importance. He prepared the way for more accomplished chemists and furnished 
them with methods of enquiry.” 

Itisthemore remarkable that Priestley made so many discoveries without understanding 
their true meaning, with a very limited knowledge of chemistry, and with the very simple 
tests available to him—the burning candle, the mouse, the nitric oxide test, solubility, 
colour and smell. He was quick to recognise gases he had obtained previously and he had 
a flair for finding out the simplest methods of preparing them—nitric oxide he made from 
copper and nitric acid, and nitrogen peroxide by heating lead nitrate. 

Priestley often ascribes his discoveries to chance, but in this he is unfair to himself, 
as he had a real genius for taking advantage of the opportunities that fortune offered him, 
and many of his researches showed that he could follow up a clue with a fine logical piece 
of investigation. 

There remains the fascinating contrast between Priestley and his contemporaries. 

Why was it that Priestley was so much more prolific in actual discoveries than Black, 
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Cavendish and Lavoisier, with their greater knowledge and experience and their experi- 
mental resources? There are two aspects of his work which, I think, help to answer 
this question. 

Sir Philip has already referred to Priestley’s power of generalisation. He had, too, 
in a most unusual degree the gift of seeing the wider issues raised by his experiments and 
the possibilities of extending those experiments and applying their results to practical 
purposes. His work on carbon dioxide suggested to him a new industry—the making of 
aerated waters. His experiments on combustion and respiration in confined volumes of 
air led him at once to the conclusion that there must be in nature some means for main- 
taining the purity of the atmosphere. To quote his own words :—“ The quantity of air 
which even a small flame requires to keep it burning is prodigious. It is generally said that 
an ordinary candle consumes, as it is called, about a gallon a minute. Considering this 
amazing consumption of air by fires of all kinds, volcanoes, etc., it becomes a great object 
of philosophical enquiry, to ascertain what change is made in the constitution of air by 
flames and to discover what provision there is in nature for remedying the injury which 
the atmosphere receives by this means.”’ 

This he set out to investigate, his guide being “‘ generally to consider the influence to 
which the atmosphere is exposed.”’ He tried the effect of washing foul air with water, of 
exposing it to light, of heating it and cooling it, and of subjecting it to the action of those 
‘‘effluvia which are continually exhaling into the air.’ He tried the fumes of burning 
sulphur and of the smoking spirit of nitre. There he let the discovery of oxygen slip 
through his fingers for the first time. 

After many experiments he discovered the effect of vegetation on the composition of 
the atmosphere. ‘‘ One might have imagined,” he said, “ that since common air is neces- 


sary to vegetable, as well as to animal life, both plants and animals had affected it in the 
same manner; and I own I had that expectation, when I first put a sprig of mint into a 
glass jar inverted over a vessel of water: but when it had continued growing there for 
some months, I found that the air would neither extinguish a candle, nor was it at all 


inconvenient to a mouse which I put into it.’”” This unexpected result led him to try the 
effect of vegetation on different kinds of foul air and he found that in some cases the sprigs 
of mint he used died quickly ‘‘ but if they do not die presently, they thrive in a most sur- 
prising manner. In no other circumstances have I ever seen vegetation so vigorous as in 
this kind of air which is immediately fatal to animal life. . . . This observation led me to 
conclude that plants, instead of affecting the air in the same way as animal respiration, 
reverse the effects of breathing and tend to keep the atmosphere sweet and wholesome, 
when it is become noxious in consequence of animals either living and breathing or dying 
and putrefying in it.” The critical experiment was made in the beginning of August, 
1771. “I took a quantity of air made thoroughly noxious by mice breathing and dying 
in it, and divided it into two parts; one of which I put into a phial immersed in water, 
and to the other (contained in a glass jar standing in water) I put asprigofmint. . . . After 
eight or nine days I found that a mouse lived perfectly well in that part of the air, in which 
the sprig of mint had grown, but died the moment it was put into the other part of the 
same original quantity of air, and which I had kept in the very same exposure, but without 
any plant growing init" A little later in the same month he showed that a growing plant 
has also the same power of restoring air in which a candle had burnt out. Thus, within 
a year, Priestley had solved his problem in spite of the handicap that he had no idea of 
the nature of the chemical changes involved. 

The discovery of nitric oxide and of its reaction with common air to give red fumes 
which are absorbed by water with a loss of volume amounting to about one fifth of the 
common air, led him to the conclusion that ‘“‘ the diminution, occasioned by the mixture 
of nitrous air, is peculiar to common air or air jit for respiration, and is at least very nearly, 
if not exactly, in proportion to its fitness for that purpose; so that by this means the good- 
ness of air may be distinguished much more accurately than it can be done by putting mice, 
or any other animals, to breathe in it. . . . This was a most agreeable discovery to me, 
especially as from this time I had no occasion for so large a stock of mice.’’ From this 
experiment of Priestley’s has grown the science of gas-analysis, and the word ‘‘ eudiometer,” 
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literally the measurer of good weather, reminds us of the purpose for which it was first 
used. 

Finally, there is the discovery, on Ist August, 1774, that mercuric oxide when heated 
evolves a gas. Priestley was slow to realise its true nature. At first he thought it was 
nitrous oxide as it enlarged the flame of a candle and he failed to notice that it was 
insoluble in water; and he was of this opinion when he told Lavoisier of his discovery in 
October of 1774. Later, he found that it was barely soluble in water and tests with 
nitric oxide and mice gradually made him recognise in March, 1775, that he had 
discovered a new gas, which he announced to the President of the Royal Society in the 
following words :— 


‘‘ But the most remarkable of all the kinds of air that I have produced by this process 
is one that is 5 or 6 times better than common air for the purpose of respiration, inflam- 
mation and, I believe, every other use of common atmospherical air. As I think I have 
sufficiently proved that the fitness of air for respiration depends upon its capacity to receive 
the phlogiston exhaled from the lungs, this species may not improperly be called 
dephlogisticated air.” 


Lavoisier was quick to realise that the new gas was the final clue he needed to explain 
the problem of combustion. He named it oxygen and made it the central element of his 
new system, which marks the birth of modern chemistry. But while Priestley failed 
completely to grasp the inner significance of his discovery, he saw at once its practical 
applications. ‘‘ Nothing,” he writes, ‘‘ would be easier than to augment the force of fire 
to a prodigious degree, by blowing it with dephlogisticated air instead of common air... . 
Possibly much greater things might be effected by chemists, in a variety of respects, with 
the prodigious heat which this air may be the means of affording them.’’ And again: 
“From the greater strength and vivacity of the flame of a candle, in this pure air it may 
be conjectured, that it might be peculiarly salutary to the lungs in certain morbid cases, 
when the common air would not be sufficient to carry off the phlogistic putrid effluvium 
fast enough. But perhaps we may also infer from these experiments that though pure 
dephlogisticated air ought to be very useful as a medicine, it might not be so proper for 
us in the usual healthy state of the body: for, as a candle burns out much faster in de- 
phlogisticated than in common air, so we might, as may be said, Jive out too fast, and the 
animal power be too soon exhausted in this pure kind of air. A moralist, at least, may 
say, that the air which nature has provided for us is as good as we deserve. My reader 
will not wonder that after having ascertained the superior goodness of dephlogisticated 
air . . . I should have the curiosity to taste it myself. I have gratified that curiosity 
by breathing it. . . . The feeling of it to my lungs was not sensibly different from that of 
common air, but I fancied that my breast felt peculiarly light and easy for some time 
afterwards. Who can tell but that, in time, this pure air may become a fashionable article 
in luxury. Hitherto only two mice and myself have had the privilege of breathing it.” 

Never, I venture to say, was an inventor’s vision better justified ; each year in Europe 
and America some 5,000,000,000 cubic feet of oxygen are used, as Priestley had foreseen, 
in industry and medicine. 

You will see from those examples how active was Priestley’s imagination, ever 
stimulating him to widen the range and application of his experiments. 

Another aspect of Priestley’s work reveals him as one of the earliest physical chemists. 

Following Cavendish, he determined roughly the relative densities of gases by weighing 
balloons filled with them. He also examined the volume ratios in which a number of pairs 
of gases combine, but although these were nearly always in the neighbourhood of simple 
numbers, he did not speculate as to the significance of this. He observed the relative 
solubilities of gases in water and used these as a means of identifying them. 

Priestley measured the expansion of gases by heat in a crude apparatus, but the 
coefficients he found were not, alas, identical for different gases. However, he noticed 
that ammonia appeared to have a much greater coefficient than the rest, and he ascribed 
this rightly to the presence of water in his apparatus and the smaller solubility of ammonia 
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at higher temperatures. He also compared the conductivity of sound in different gases 
by means of a clockwork bell in a receiver which he filled with them. His conclusion 
was that “‘ the intensity of sound depends solely on the density of the air in which it is 
made, and not at all upon any chemical principle in its constitution.” 

He then compared the conductivity of heat in various gases by means of a thermometer 
in a glass bulb which he put into hot and cold water and observed the rate of change of 
temperature when the bulb contained different gases. He found that inflammable air 
(hydrogen) conducted heat better than any other gas and that fixed air is a worse con- 
ductor than common air. 

Priestley was the first photo-chemist, as he discovered that sunlight was necessary 
for the purification of air by a growing plant and he showed the effect of light in decom- 
posing nitric acid. “ Light,” he said, ‘‘ besides serving the important purpose of vision 
is likewise a chemical principle, the effects of which are as yet but little known.” 

He made use of the electric spark both for making gases enter into combination, c.g., 
hydrogen and oxygen, and for decomposing them, e.g., ammonia. He tried to compare 
the electrical conductivity of different substances, and he was one of the first to describe 
the phenomena accompanying the electrical discharge through gases at low pressures. 
‘The application of electricity to chymistry,” he wrote, “is as yet initsinfancy. I have 
made some use of it in the doctrine of air, and Mr. Cavendish has made a most capital one. 
This should encourage us to apply it with more assiduity.” 

Having determined the relative densities of different gases Priestley began to speculate 
as to their behaviour when mixed, and this led him to the first investigation of the problem 
of gaseous diffusion. ‘‘ Considering the very different specific gravities, and other re- 
markedly different properties of different kinds of air,’ he says, “it might naturally 
enough be taken for granted that those which differ very much in specific gravity at least, . 
would separate from such other after they were mixed.’’ This conclusion he proceeded 
to examine by mixing fixed and common air, inflammable and nitrous air, nitrous and 
common air, nitrous and fixed air, and leaving them to standin acylinder. He then expelled 
portions of the mixtures very carefully by admitting water at the bottom of the cylinder, 
and tested the composition of the early and later fractions. ‘‘ The result of my trials has 
been this general conclusion ; that when two kinds of air have been mixed, it is not possible 
to separate them by any method of decanting them or pouring them off. . . . They may not 
properly incorporate, so as to form a new species of air possessed of new properties; but 
they will remain equally diffused through the mass of each other.” Thus Priestley 
established the irreversibility of gaseous diffusion. 

In spite of the crude methods by which these physical measurements were made, 
and the inaccuracy of the results, taken as a whole they are a remarkable achievement, 
especially when we consider how limited was Priestley’s general scientific experience. They 
illustrate once again his courage and initiative as an experimenter. Undoubtedly, too, 
the evidence that the various gases possessed definite but different physical properties 
must have helped to establish their individuality in the minds of chemists. 

What was the secret of Priestley’s genius as an investigator? His enthusiastic energy 
and curiosity, his fertility of mind, and the ingenuity and enterprise with which he devised 
new experiments with the simplest means, his keen observation, his exceptional visual 
memory and the rapidity with which he could develop a new investigation. And behind 
everything there was the impelling force of Priestley’s love for science, his devotion to 
experiment, and his boundless faith in the possibilities of new scientific discoveries. Listen 
to this passage from a letter to Lord Shelburne in 1778 :— 


“My view in advising your Lordship to establish and furnish a laboratory for philo- 
sophical purposes was double: First, to accustom Lord Fitzmaurice, at an early age, to 
the use of philosophical instruments, and the sight of philosophical experiments and 
processes, in order to do for him, if he should happen to acquire a taste for natural science, 
what all his fortune will not otherwise be able to do, viz., to make him happy in active and 
pleasing pursuits at home; and I know of nothing in the range of human life that can 
answer this invaluable purpose so well. Mere literary pursuits are generally unfavourable 
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to health or cheerfulness, though they may contribute to amuse and tranquillise 
the mind. 

“My other view was to prosecute original inquiries under your Lordship’s auspices, 
to indulge my own inclination and ardour in these pursuits, and at the same time to make 
myself really useful to your Lordship’s general fame and character.” 


After a reference to his new volume of experiments in which he wishes to acknowledge 
his debt to Lord Shelburne, he concludes :— 


‘““T am the more desirous of doing this, as by some of my other publications I may 
involve your Lordship in some part of the odium I bring upon myself with the ignorant 
and narrow-minded. But wherever I go, I must be taken for better and for worse; and 
I think it the first of duties to that Being who has given me whatever faculties I am 
possessed of, to pursue and propagate at any risk, all important truth.” 


This is one of the most revealing passages in all Priestley’s writings “‘ I must be taken 
for better and for worse . . . to pursue and propagate at any risk, all important truth.” 
We see him here with his frank simplicity and directness of purpose, incapable of com- 
promise, and regardless of personal considerations when principles were at stake. 

Forgive me if I quote once again a phrase from Dante, for I know no other that 
describes so well Priestley’s eager restless spirit, fearless and untiring in the defence of 
liberty and in the quest of truth :— 

“con l’ali snelle . . . del gran disio”’ 
Borne on the swiftly beating wings of great desire 
H. HARTLEY. 
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Cavendish and Lavoisier, with their greater knowledge and experience and their experi- 
mental resources? There are two aspects of his work which, I think, help to answer 
this question. 

Sir Philip has already referred to Priestley’s power of generalisation. He had, too, 
in a most unusual degree the gift of seeing the wider issues raised by his experiments and 
the possibilities of extending those experiments and applying their results to practical 
purposes. His work on carbon dioxide suggested to him a new industry—the making of 
aerated waters. His experiments on combustion and respiration in confined volumes of 
air led him at once to the conclusion that there must be in nature some means for main- 
taining the purity of the atmosphere. To quote his own words :—“ The quantity of air 
which even a small flame requires to keep it burning is prodigious. It is generally said that 
an ordinary candle consumes, as it is called, about a gallon a minute. Considering this 
amazing consumption of air by fires of all kinds, volcanoes, etc., it becomes a great object 
of philosophical enquiry, to ascertain what change is made in the constitution of air by 
flames and to discover what provision there is in nature for remedying the injury which 
the atmosphere receives by this means.” 

This he set out to investigate, his guide being “‘ generally to consider the influence to 
which the atmosphere is exposed.” He tried the effect of washing foul air with water, of 
exposing it to light, of heating it and cooling it, and of subjecting it to the action of those 
‘effluvia which are continually exhaling into the air.” He tried the fumes of burning 
sulphur and of the smoking spirit of nitre. There he let the discovery of oxygen slip 
through his fingers for the first time. 

After many experiments he discovered the effect of vegetation on the composition of 
the atmosphere. ‘“‘ One might have imagined,” he said, “ that since common air is neces- 
sary to vegetable, as well as to animal life, both plants and animals had affected it in the 
same manner; and I own I had that expectation, when I first put a sprig of mint into a 
glass jar inverted over a vessel of water: but when it had continued growing there for - 
some months, I found that the air would neither extinguish a candle, nor was it at all 
inconvenient to a mouse which I put into it.”” This unexpected result led him to try the 
effect of vegetation on different kinds of foul air and he found that in some cases the sprigs 
of mint he used died quickly “‘ but if they do not die presently, they thrive in a most sur- 
prising manner. In no other circumstances have I ever seen vegetation so vigorous as in 
this kind of air which is immediately fatal to animal life. . . . This observation led me to 
conclude that plants, instead of affecting the air in the same way as animal respiration, 
reverse the effects of breathing and tend to keep the atmosphere sweet and wholesome, 
when it is become noxious in consequence of animals either living and breathing or dying 
and putrefying in it.’”’ The critical experiment was made in the beginning of August, 
1771. “I took a quantity of air made thoroughly noxious by mice breathing and dying 
in it, and divided it into two parts; one of which I put into a phial immersed in water, 
and to the other (contained in a glass jar standing in water) I put asprig of mint. . . . After 
eight or nine days I found that a mouse lived perfectly well in that part of the air, in which 
the sprig of mint had grown, but died the moment it was put into the other part of the 
same original quantity of air, and which I had kept in the very same exposure, but without 
any plant growing init.’’ A little later in the same month he showed that a growing plant 
has also the same power of restoring air in which a candle had burnt out. Thus, within 
a year, Priestley had solved his problem in spite of the handicap that he had no idea of 
the nature of the chemical changes involved. 

The discovery of nitric oxide and of its reaction with common air to give red fumes 
which are absorbed by water with a loss of volume amounting to about one fifth of the 
common air, led him to the conclusion that “‘ the diminution, occasioned by the mixture 
of nitrous air, is peculiar to common air or air fit for respiration, and is at least very nearly, 
if not exactly, in proportion to its fitness for that purpose; so that by this means the good- 
ness of air may be distinguished much more accurately than it can be done by putting mice, 
or any other animals, to breathe in it. . . . This was a most agreeable discovery to me, 
especially as from this time I had no occasion for so large a stock of mice.’”’ From this 
experiment of Priestley’s has grown the science of gas-analysis, and the word “‘ eudiometer,”’ 
3P 
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literally the measurer of good weather, reminds us of the purpose for which it was first 
used. 

Finally, there is the discovery, on Ist August, 1774, that mercuric oxide when heated 
evolves a gas. Priestley was slow to realise its true nature. At first he thought it was 
nitrous oxide as it enlarged the flame of a candle and he failed to notice that it was 
insoluble in water; and he was of this opinion when he told Lavoisier of his discovery in 
October of 1774. Later, he found that it was barely soluble in water and tests with 
nitric oxide and mice gradually made him recognise in March, 1775, that he had 
discovered a new gas, which he announced to the President of the Royal Society in the 


following words :— 


“‘ But the most remarkable of all the kinds of air that I have produced by this process 
is one that is 5 or 6 times better than common air for the purpose of respiration, inflam- 
mation and, I believe, every other use of common atmospherical air. As I think I have 
sufficiently proved that the fitness of air for respiration depends upon its capacity to receive 
the phlogiston exhaled from the lungs, this species may not improperly be called 
dephlogisticated air.” 


Lavoisier was quick to realise that the new gas was the final clue he needed to explain 
the problem of combustion. He named it oxygen and made it the central element of his 
new system, which marks the birth of modern chemistry. But while Priestley failed 
completely to grasp the inner significance of his discovery, he saw at once its practical 
applications. ‘‘ Nothing,” he writes, ‘“‘ would be easier than to augment the force of fire 
to a prodigious degree, by blowing it with dephlogisticated air instead of common air. . . . 
Possibly much greater things might be effected by chemists, in a variety of respects, with 
the prodigious heat which this air may be the means of affording them.’”’ And again: 
“‘ From the greater strength and vivacity of the flame of a candle, in this pure air it may 
be conjectured, that it might be peculiarly salutary to the lungs in certain morbid cases, 
when the common air would not be sufficient to carry off the phlogistic putrid effluvium 
fast enough. But perhaps we may also infer from these experiments that though pure 
dephlogisticated air ought to be very useful as a medicine, it might not be so proper for 
us in the usual healthy state of the body: for, as a candle burns out much faster in de- 
phlogisticated than in common air, so we might, as may be said, live out too fast, and the 
animal power be too soon exhausted in this pure kind of air. A moralist, at least, may 
say, that the air which nature has provided for us is as good as we deserve. My reader 
will not wonder that after having ascertained the superior goodness of dephlogisticated 
air . . . I should have the curiosity to taste it myself. I have gratified that curiosity 
by breathing it. . . . The feeling of it to my lungs was not sensibly different from that of 
common air, but I fancied that my breast felt peculiarly light and easy for some time 
afterwards. Who can tell but that, in time, this pure air may become a fashionable article 
in luxury. Hitherto only two mice and myself have had the privilege of breathing it.” 

Never, I venture to say, was an inventor’s vision better justified; each year in Europe 
and America some 5,000,000,000 cubic feet of oxygen are used, as Priestley had foreseen, 
in industry and medicine. 

You will see from those examples how active was Priestley’s imagination, ever 
stimulating him to widen the range and application of his experiments. 

Another aspect of Priestley’s work reveals him as one of the earliest physical chemists. 

Following Cavendish, he determined roughly the relative densities of gases by weighing 
balloons filled with them. He also examined the volume ratios in which a number of pairs 
of gases combine, but although these were nearly always in the neighbourhood of simple 
numbers, he did not speculate as to the significance of this. He observed the relative 
solubilities of gases in water and used these as a means of identifying them. 

Priestley measured the expansion of gases by heat in a crude apparatus, but the 
coefficients he found were not, alas, identical for different gases. However, he noticed 
that ammonia appeared to have a much greater coefficient than the rest, and he ascribed 
this rightly to the presence of water in his apparatus and the smaller solubility of ammonia 
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at higher temperatures. He also compared the conductivity of sound in different gases 
by means of a clockwork bell in a receiver which he filled with them. His conclusion 
was that “‘ the intensity of sound depends solely on the density of the air in which it is 
made, and not at all upon any chemical principle in its constitution.” 

He then compared the conductivity of heat in various gases by means of a thermometer 
in a glass bulb which he put into hot and cold water and observed the rate of change of 
temperature when the bulb contained different gases. He found that inflammable air 
(hydrogen) conducted heat better than any other gas and that fixed air is a worse con- 
ductor than common air. 

Priestley was the first photo-chemist, as he discovered that sunlight was necessary 
for the purification of air by a growing plant and he showed the effect of light in decom- 
posing nitric acid. ‘‘ Light,” he said, ‘‘ besides serving the important purpose of vision 
is likewise a chemical principle, the effects of which are as yet but little known.” 

He made use of the electric spark both for making gases enter into combination, ¢.g., 
hydrogen and oxygen, and for decomposing them, ¢.g., ammonia. He tried to compare 
the electrical conductivity of different substances, and he was one of the first to describe 
the phenomena accompanying the electrical discharge through gases at low pressures. 
“The application of electricity to chymistry,” he wrote, “is as yet initsinfancy. I have 
made some use of it in the doctrine of air, and Mr. Cavendish has made a most capital one. 
This should encourage us to apply it with more assiduity.” 

Having determined the relative densities of different gases Priestley began to speculate 
as to their behaviour when mixed, and this led him to the first investigation of the problem 
of gaseous diffusion. ‘‘ Considering the very different specific gravities, and other re- 
markedly different properties of different kinds of air,” he says, ‘it might naturally 
enough be taken for granted that those which differ very much in specific gravity at least, 
would separate from such other after they were mixed.” This conclusion he proceeded. 
to examine by mixing fixed and common air, inflammable and nitrous air, nitrous and 
common air, nitrous and fixed air, and leaving them to standin acylinder. He then expelled 
portions of the mixtures very carefully by admitting water at the bottom of the cylinder, 
and tested the composition of the early and later fractions. ‘‘ The result of my trials has 
been this general conclusion ; that when two kinds of air have been mixed, it is not possible 
to separate them by any method of decanting them or pouring them off. . . . They may not 
properly incorporate, so as to form a new species of air possessed of new properties; but 
they will remain equally diffused through the mass of each other.” Thus Priestley 
established the irreversibility of gaseous diffusion. 

In spite of the crude methods by which these physical measurements were made, 
and the inaccuracy of the results, taken as a whole they are a remarkable achievement, 
especially when we consider how limited was Priestley’s general scientific experience. They 
illustrate once again his courage and initiative as an experimenter. Undoubtedly, too, 
the evidence that the various gases possessed definite but different physical properties 
must have helped to establish their individuality in the minds of chemists. 

What was the secret of Priestley’s genius as an investigator? His enthusiastic energy 
and curiosity, his fertility of mind, and the ingenuity and enterprise with which he devised 
new experiments with the simplest means, his keen observation, his exceptional visual 
memory and the rapidity with which he could develop a new investigation. And behind 
everything there was the impelling force of Priestley’s love for science, his devotion to 
experiment, and his boundless faith in the possibilities of new scientific discoveries. Listen 
to this passage from a letter to Lord Shelburne in 1778 :— 


“My view in advising your Lordship to establish and furnish a laboratory for philo- 
sophical purposes was double: First, to accustom Lord Fitzmaurice, at an early age, to 
the use of philosophical instruments, and the sight of philosophical experiments and 
processes, in order to do for him, if he should happen to acquire a taste for natural science, 
what all his fortune will not otherwise be able to do, viz., to make him happy in active and 
pleasing pursuits at home; and I know of nothing in the range of human life that can 
answer this invaluable purpose so well. Mere literary pursuits are generally unfavourable 
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to health or cheerfulness, though they may contribute to amuse and tranquillise 
the mind. 

“My other view was to prosecute original inquiries under your Lordship’s auspices, 
to indulge my own inclination and ardour in these pursuits, and at the same time to make 
myself really useful to your Lordship’s general fame and character.” 





After a reference to his new volume of experiments in which he wishes to acknowledge 
his debt to Lord Shelburne, he concludes :— 


“T am the more desirous of doing this, as by some of my other publications I may 
involve your Lordship in some part of the odium I bring upon myself with the ignorant 
and narrow-minded. But wherever I go, I must be taken for better and for worse; and 
I think it the first of duties to that Being who has given me whatever faculties I am 
possessed of, to pursue and propagate at any risk, all important truth.” 


This is one of the most revealing passages in all Priestley’s writings : ‘‘ I must be taken 
for better and for worse . . . to pursue and propagate at any risk, all important truth.” 
We see him here with his frank simplicity and directness of purpose, incapable of com- 
promise, and regardless of personal considerations when principles were at stake. 

Forgive me if I quote once again a phrase from Dante, for I know no other that 
describes so well Priestley’s eager restless spirit, fearless and untiring in the defence of 
liberty and in the quest of truth :— 

“con l’ali snelle . . . del gran disio ”” 


Borne on the swiftly beating wings of great desire 
H. HARTLEY. 





216. Phase-rule Equilibria of Acid Soaps. Part II. Anhydrous Acid 
Sodium Palmitates. 


By James W. McBaIN and MALcotm C, FIELD. 


ACID soaps, 7.e., molecular compounds of neutral soap and fatty acid corresponding to the 
well-known acid acetates, were discovered by Chevreul and described or postulated by many 
subsequent writers. Crystalline specimens of constant composition (see, ¢e.g., McBain and 
Stewart, J., 1927, 1392), crystallising from solutions-of varying composition, have been 
prepared, and studied by means of X-rays (Piper, J., 1929, 234); nevertheless, their exist- 
ence is often disputed (for references, see Part I; McBain and Field, J. Physical Chem., 
1933, 37,675). Thisis largely due to the influence of an incomplete phase-rule study of the 
system palmitic acid-sodium palmitate by Donnan and White (J., 1911, 99, 1668), who 
attained only a very imperfect separation of solid from liquid and did not carry their study 
beyond a mixture containing 38% of sodium palmitate, thus not attaining the composition 
even of the acid soap containing the smallest proportion of sodium salt. 

We have shown (loc. cit.) by means of an elaborate phase-rule study, using visual, 
dilatometric, microscopic, and screw-press methods, that in the anhydrous system potassium 
laurate—lauric acid the only acid soap is the crystalline NaL,HL, which separates out pure, 
does not form solid solutions or isomorphous mixtures with either component, and exhibits 
a well-defined transition point at 91-3°. This and the following series of studies of the two- 
and three-component systems (anhydrous and aqueous) were completed at the University 
of Bristol in 1925—1927. Our findings differ greatly from those of Donnan and White, 
and appear completely to establish the existence of definite acid soaps of constant 
composition. 

EXPERIMENTAL. 

The methods employed have already been described (McBain and Field, J. Physical Chem., 
loc. cit., and 1926, 30, 1545; for other references, see McBain, Lazarus, and Pitter, Z. physikal. 
Chem., 1930, A, 147, 87). 

Materials.—The palmitic acid used was carefully recrystallised and had m. p. (capillary) 62-8° 
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(Millikan and Beilstein give 62-6°). The sodium palmitate (Kahlbaum; special preparation 
September, 1925) gave on analysis 1-ONaP + 0-0086NaOH + 3-47%H,O. It was thought that 
the water would be negligible because, under the conditions of the experiments, it might have 
been in the vapour. However, subsequent results showed that this is not the case, for systems 
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we Phase-vule diagram for stable equilibria in the anhydrous two-component system sodium palmitate—palmitic 
an acid. 
O, Te; @, Ti; A, temperature at which a change was observed microscopically on heating ; ®, @,@ 
systems photographed in the Figs. of corresponding number. 


*0.1 0 


omen containing more than 75% sodium palmitate gave appreciably distorted results, which are 
kal. therefore not included in the data now submitted. 

= Visual Method.—First, a delimitation of the boundaries of the homogeneous isotropic liquid 
2°8 was made. The systems were prepared by weighing the constituents directly into thick-walled 





glass tubes, sealed at the bottom like a test-tube, of diameter 4—? in. and 9 in. long; these 
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were then evacuated and sealed. The tubes were next heated to approximately 250°, until 
all solid had melted or dissolved to form a homogeneous isotropic liquid, and then cooled. 
Observations were made to determine the temperature, T,, when the last trace of crystal 
dissolves to form a homogeneous isotropic liquid. These were carried out by careful heating in 
either a glycerol-bath or an electric furnace. No observations were made on cooling, owing to 
the undercooling when solid phases are due to separate. Results obtained in this manner are 
given in Table I and represented diagrammatically in Fig. 1. In most cases these values were 
checked by the microscopic method given below. Description of the individual systems has 
been omitted to save space. 





TABLE I. 


Visual Observations of tie Temperature T, at which the Last Trace of Solid Crystal dis- 
appears on Heating, and of T;, the First Temperature at which the Homogeneous Isotropic 
Liquid becomes Turbid or Non-homogeneous on cooling. 





Mol. fractions. Mol. fractions. Mol. fractions. Mol. fractions. 

NaP. HP. ye NaP. HP. : NaP. HP. ¢ om NaP. HP. y Te 
0:0000 1:0000 62°8° 0°2074 0°7926 72°3° 0°3850 0°6150 88°4° 0°5310 0°4690 127°8° — 

0°0175 0°9825 60°7 0°2404 0°7596 73°6 0°3995 0°6005 90°0 0°5709 0°4291 138-0 -— 

0°0364 0°9636 61°1 0°2747 0°7253 74:2 0°4161 0°5839 97°38 0°6155 0°3845 147°8 

0:0665 0°9335 65:2 *0°3034 0°6966 77°5 0°4395 0°5605 106-2 0°6682 0°3318 Tt 168°5° 
01119 O°8881 67:9 0°3335 0°6665 82°5 0°4673 0°5327 113°2 0°7188 0°2812 t 203°5 
0°1555 0°8445 70°0 0°3599 0°6401 85:1 0°5010 0°4990 120°5 1:0000 0°0000 216} 316f 


* Compare Fig. 2. 
+ These temperatures could not be determined accurately owing to the cloudiness of the conic 


anisotropic liquid crystals formed. 
t Taken from Vorlander, Ber., 1910, 48, 3120. 


Microscopic Examination between Crossed Nicols.—In order to understand and plot the 
equilibria present in the solid phases, the microscope method, previously described, was used. 
Very thin samples of the systems placed between a microscope slide and cover glass were 
observed between crossed Nicols on the microscope stage (magnification x 55). Thetemperature 
was gradually raised by a small electric heater. The results obtained are plotted in Fig. 1. 


DISCUSSION. 


In Fig. 1 the boundary of the liquid field A shows four definite breaks at 59-2°, 74-2°, 
91-1°, and 154°. Each of these must, therefore, represent a change of the phases in contact 
with the liquid. The first of these is the eutectic point. The second is a transition point, 
also noted by Donnan and White but called by them “ the second eutectic point.” It is 
a typical transition point, and marks the highest temperature at which the acid soap 
NaP,HP can exist and above which it immediately breaks down into a mixture of the acid 
soap 2NaP,HP and liquid. 

Similarly, the break at 91° must be recognised as the transition temperature above 
which the acid soap 2NaP,HP immediately decomposes into a mixture of solid NaP and 
liquid. There is no name for the break at 154° that represents the lowest temperature at 
which liquid crystalline soap can exist. Such points have been observed hitherto only in 
our phase-rule studies involving soaps, and they arise from the fact that, as shown in 
field H, fatty acid can dissolve in liquid crystalline soap, extending the range of existence 
of homogeneous conic anisotropic liquid outwards and downwards as indicated in the 
broken-line boundaries of field H. Above 316° sodium palmitate is an isotropic liquid 
miscible in all proportions with palmitic acid. 

Below the eutectic point at 59-2° exists the field C, consisting of a heterogeneous mixture 
of the pure crystalline acid soap NaP,HP and pure crystals of palmitic acid. Likewise, 
the fields D and E represent binary heterogeneous mixtures of the two acid soaps, and of 
NaP with 2NaP,HP, respectively. 

The field B is separated from the field C by the experimental points which demonstrate 
along most of the boundary a sharp break, thus disproving the hypothesis of Donnan and 

































Fic. 2.—The heterogene- 
ous system 0O°303NaP + 
0-697HP at room temper- 
ature, showing needle crys- 
tals of the acid soap NaP,HP 
against darker background. 






























lic. 3.—The homogene- 
ous system NaP,HP at room 
temperature, consisting en- 
tively of bunches of radi- 
ating crystals and showing 
no change until heated to 
74°2°. 


lic. 4.—The heterogene- 
ous system 0°531NaP + 
0°469HP at 81°, consisting 
of vods of crystalline 
2NaP,HP in _ isotropic 
liquid. 





[To face p- 923. 
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White * that these systems are homogeneous solid solutions instead of heterogeneous 
mixtures as shown by our results. 

The same result follows from inspection of the photographs (Figs. 2 and 3). The iatter 
consists entirely of crystals of the pure acid soap NaP,HP, whereas the former obviously 
is heterogeneous, consisting of comparable amounts of needles of NaP,HP and of a back- 
ground of palmitic acid. Field C, like fields B and F, is therefore heterogeneous, field B 
representing mixtures of NaP,HP with the isotropic liquid on its right-hand boundary, 
which is its solubility curve, and field F mixtures of 2NaP,HP with the isotropic liquids 
bounding this field on the right. The heterogeneity of field F is evident in the last photo- 
graph (Fig. 4). 

Throughout the diagram, heterogeneous fields are marked by horizontal (isothermal) 
tie lines, whose two ends represent the phases present in the heterogeneous mixture. 
Thus field G consists, in so far as we have investigated it, of a heterogeneous mixture of pure 
soap with its saturated solution in palmitic acid represented by the solubility curve separat- 
ing G from A. 

It was our intention to insert Donnan and White’s incomplete data for the liquid 
boundaries in our Fig. 1, but the results are so close to ours that an enlarged diagram would 
be necessary to distinguish them. Their temperatures ranged only from 60° to 82°. The 
portion of the boundary between fields A and F is identical with ours; that between A 
and B runs smoothly parallel with ours but is for the most part 1° lower. 

However, in determining the constitution of the solid phases, they trusted to mere 
draining and filtration through a Gooch crucible to separate these from the viscous liquid. 
This process must have been extremely incomplete, as demonstrated by our present results 
as well as by the direct observations, using a screw press, in the other studies of this series. 
They greatly under-estimated the extent to which a finely divided solid can soak up a 
liquid. Examination between crossed Nicols readily reveals the presence of liquid because 
of its isotropic nature in contrast to the doubly refracting crystals. 

The demonstration of the extent to which acid soaps separate out pure has not been 
made as complete in this as in the other studies of this series, but the latter have yielded 
much further support for the present findings. 

Two points on Fig. 1 represent observations that are not completely in accord with the 
identification of the second acid palmitate as2NaP,HP. They are the two left-hand points 
at 72°, representing microscopic observations of a detectable change at this temperature, 
impossible if no NaP,HP is present. However, this is undoubtedly due to insufficient time 
having been allowed for complete formation of the 2NaP,HP when cooling the systems from 
the liquid condition. 

Formation of the acid soap when cooling these particular systems from the homo- 
geneous liquid state well above 200° is a very complicated process. The first thing that 
separates is highly viscous liquid crystal during perhaps 50° of cooling. Next comes 
anhydrous soap itself, the system still being extremely viscous. Except with very slow 
cooling it would, therefore, be unlikely that the reactions would be completed between the 
solid phases so as quantitatively to produce the theoretical yield of 2NaP,HP without 
extraneous admixture. 

McBain, Taylor, and Laing (J., 1922, 121, 621), in the three-component system sodium 
palmitate-water—palmitic acid, found that the conductivity and osmotic effects dis- 
appeared linearly upon addition of palmitic acid down to the proportion 2NaP,HP, which 
would substantiate the present result, although presumably this acid soap would be 
hydrated in presence of water. They worked at 90°, only just within the range of possible 
existence of 2NaP,HP with its transition point at 91°. They could not, therefore, have 
discovered NaP,HP which does not exist above 72-1°. Piper states that he carried out 
his X-ray examinations at 80°. If so, the specimens of NaP,HP prepared for him by 
Dr. Malkin must have been decomposed before examination, and the spacings given on 


* Potts (Donnan and White, /oc. cit., p. 1669) observed ‘‘ the appearance of a second halt at this 
temperature in some of the cooling curves,’’ which extended from 0 to 40% of sodium palmitate, but 
did not state in which of the cooling curves this eutectic break was observed. 
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p. 238 of his paper must refer to the second acid soap in the decomposition mixture. 
Similarly, acid potassium oleate KO1,HOI cannot exist above 47°, KL,HL not above 91:3°, 
and the acid stearates not above 81° and 96°, respectively. 

Ekwall and Mylius (Ber., 1929, B, 62, 1080; cf. Malkin, Ber, 1930, B, 63, 1807) 
obtained only 2NaP,HP and NaP,HP by crystallisation from mixtures in absolute 
alcohol, but from 96% alcohol containing 32-5 times as much palmitic acid as sodium 
palmitate they derived at 10-5° a solid of the composition NaP,2HP. Their microscopic 
examination was always carried out while the original crystals were still suspended in 
the alcoholic mother-liquor. We do not account for their NaP,2HP (compare our Fig. 2, 
which is certainly heterogeneous), but it is just possible that it may be formed at low 
temperature. If so, it must decompose below the eutectic temperature, according to the 
liquid curves both of Donnan and White and of ourselves. In favour of its existence 
is the molecular-weight determination in camphor, but all other physicochemical checks 
are lacking. The melting points they give are seen to be incorrect, and a compromise 
with partial liquefaction. Donnan and White found that an appreciable excess of the 
viscous liquid had to be present before the mixture would even flow down into a Gooch 
crucible. None of the acid soaps has a true melting point. 


SUMMARY. 


It is shown that the two definite crystalline compounds NaP,HP and 2NaP,HP exist 
without forming solid solutions or isomorphous mixtures with either component, sodium 
palmitate, palmitic acid, or with each other. They decompose at well-marked transition 
temperatures of 74-2° and 91-1°, respectively. The liquid crystalline or conic anisotropic 
phase is extended down to 154° in this anhydrous two-component system. 


STANFORD UNIVERSITY, CALIFORNIA. [Received, April 7th, 1933.) 





217. Phase-rule Equilibria of Acid Soaps. Part III. Anhydrous Acid 
Potassium Oleate. 


By JAMes W. McBaIN and ALEXANDER STEWART. 


IN a previous communication (J., 1927, 1392): we described the pure crystalline compound 
potassium hydrogen dioleate, showing that its composition is unaltered on recrystallis- 
ation from oleic acid or from various concentrations of alcoholic solution. We now present 
a more extended phase-rule study of the anhydrous two-component system. The results are 
very similar to those obtained by McBain and Field (J. Physical Chem., 1933, 37, 675) with 
potassium laurate and lauric acid, in that the only solid phases are the pure components 
and this one acid soap (containing equimolar proportions of soap and fatty acid), there 
being no evidence for the occurrence of solid solutions or isomorphous mixtures. 


EXPERIMENTAL. 


Preparation and Purity of Materials.—Lapworth, Pearson, and Mottram (Biochem. J., 1925, 
19, 12) and Scheffers (Rec. trav. chim., 1927, 46, 293) have shown that commercial oleic acid 
contains considerable amounts of impurity, and we have followed essentially the former workers 
in preparing our pure acid. Oleic acid, obtained by the action of hydrochloric acid upon the 
sodium salt (Kahlbaum), on standing deposited a solid, which on recrystallisation from alcohol 
had a fairly sharp m. p., giving at 51° a slightly cloudy liquid which cleared sharply at 53-5°. 
This agrees with the m. p. of elaidic acid (Saytzeff, J. pr. Chem., 1894, 50, 73). The impure 
oleic acid was therefore converted into its ethyl ester by means of alcohol and sulphuric acid, and 
distilled at 4 mm., the middle fraction, b. p. 185—192°, being collected. 


First fraction. Main fraction. Residue. 
Weight, g.  sseceeseeseresessssesserseeeeeeeees 30 310 170 
Refractive index (12%) .........escessessees 1°4451 1°4525 1-4649 


Dr. Malkin has obtained for ethyl oleate, by repeated fractional distillation, u'* = 1:4536. 
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This ester was converted into the barium salt and thence into the free acid, which had m. p. 
]2-0—12-4° (Lapworth and co-workers give 12-0—12-8°). 


Fic. 1. 
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MOL FRACTION OF POTASSIUM OLEATE (KOL). 
Phase-rule diagram for stable equilibria in the anhydrous two-component system potassium oleate-oieic acid. 


int oe of the eutectic mixture of solid HOl and KO1,HOl is denoted by the vertical dotted line 
in fie : 


O, Tes &, Ti; @, temperature at which the last trace of crystal disappeared on slow heating, leaving the 
system wholly anisotropic ; X, compositions confirmed by the screw-press method. 


Potassium oleate was prepared by the method of McBain and Taylor (Z. physikal. Chem., 
1911, 76, 179), and the pure acid potassium soap by the method of McBain and Stewart (Joc. cit.). 
ho salts and the acid were kept in evacuated desiccators over calcium chloride and potassium 

ydroxide. 


Analysis.—Two methods of analysis were used. (a) Direct titration of acid and acid soap 
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with standard sodium hydroxide solution (from sodium drippings) free from carbonate, in 
70—80% boiled-out aqueous alcohol (phenolphthalein). The alkali was standardised against 
standard hydrochloric acid prepared by dilution of the constant-boiling mixture (Hulett and 
Bonner, /. Amer. Chem. Soc., 1909, 31, 390), and also against Bureau of Standards benzoic acid, 
with agreement to within 0-06%. (b) Neutral and acid soaps were analysed as described by 
Laing (J. Physical Chem., 1924, 28, 681). The potassium oleate had M, 316-6, 316-1, 316-1 by 
the potassium value, and 321-6, 320-4, and 320-3 by the oleic acid value; value used, 319-3. 
Similarly, the molecular weights of the oleic acid and the acid soap were 286-1 and 602-4, 
respectively, the ratio of oleate to potassium in the latter being 1-985, 1-992. 

Procedure.—All thermometers, weights, etc., were standardised. Systems were prepared 
by weighing the two components into glass tubes, and evacuating and sealing them. They were 
then heated until the contents formed a single homogeneous liquid. After cooling, they were 
heated, and the temperature 7, observed at which on very slow heating with constant shaking 
the last trace of solid just disappeared to leave only isotropic liquid (reproducibility within 0-5° 
up to 100°, decreasing to about 2° at 300°). 

In systems containing more than 50% of potassium oleate, anisotropic liquid appeared at 
high temperatures, completely to disappear again at still higher temperatures, 7;, forming 
isotropic liquid, since above 324-4° potassium oleate and oleic acid are ordinary liquids miscible 
in all proportions. 

The formation of anisotropic liquid is clearly visible to the eye because of the turbidity of 
this plastic phase (liquid crystal, conic anisotropic liquid, one of the smectic states). One cannot 
see the wires of an electric lamp bulb placed behind the tube when either pure potassium oleate 
or the two-component system is in this state. Similarly, the disappearance of the last of the 
anisotropic liquid is clearly visible. Supersaturation does not take place with reference either 
to formation of anisotropic liquid or its conversion into isotropic liquid. The results of this 
examination are given in Table I and Fig. 1. 





TABLE I. 
Visual Observations of the Temperature Tat which the Last Trace of Solid Crystal disappears 
on Heating to leave only Isotropic Liquid, and of T;, the First Temperature at which the 
Homogeneous Isotropic Liquid becomes Turbid or Non-homogeneous on Cooling. 


Potassium oleate, Potassium oleate, Potassium oleate, Crystals dissolve 
mol. mol. mol. to anisotropic 
%. fraction. T,. %. fraction. T,. %. fraction. liquid at Ti. 
0-0 0 13°1° 39°10 0°3653 45°3° 52°35 = 0°4961 . 120°5° 
27500 0:°0225 13:2 41°61 0°3884 56°7 53°79  0°5107 ° 134 
5491 0°0495 12-1 42°60 0°3994 63°4 55°56 =0°5285 sd 147°7 
10°87 00985) =11°5 43°17 0°4050 64-0 61°37 0°5873 167° 183 
16°13 0°1470 18:0 43°82 0°4114 69°0 66°34 0°6384 181 213 
19°64 O-1797 22-4 45°95 0°4325 77°6 71°63 0°6936 204 244 
25°60 0°2357 30°4 46°55 0°4384 84:7 77°80 = =0°7584 217 270 
29°63 0°2739 34°6 49°16 0°4643 97:0 81:06 0°7936 229 280 
32°43. 0°3007 37:2 50°62 = 0°4788 = 103°1 86°10 0°8474 238°5 287°4 
35°33 0°3287) = 41°7 90°36 0°8939 257 287 
96°40 0°9601 258 310°5 
100-0 1-000 258°5 324°4 


* Temperature uncertain. 


DISCUSSION. 


The isotropic liquid phase exhibits three breaks in its boundary, at 9° (mol. fraction 
0-08 KOl), at 47° (mol. fraction 0-38 KOl), and at 107° (mol. fraction 0-49 KOI). 

The first is the eutectic point at temperatures below which only mixtures of solid oleic 
acid in solid acid soap KOI,HOI can exist, as shown in the fields marked C. The second, 
47°, is a typical transition point and is the temperature above which the acid soap 
KOI,HOl cannot exist. Field A represents mixtures of this solid with the liquid represented 
by the boundary on the right for each temperature. Field B would represent hetero- 
geneous mixtures of pure potassium oleate and pure acid soap, existing at all temperatures 
below the transition temperature. This field has not been especially studied in this 
system, but its interpretation is doubtless the same as in the other two-component systems 
investigated. 
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The field D between the transition temperature, 47°, and 107° will be shown to consist 
of mixtures of pure potassium oleate with the liquid which forms its right-hand boundary. 

The break at 107° is due to the appearance of liquid crystal, field E. In all the systems 
so far investigated we have found that the pure soaps, which Vorlander has shown to 
exist as liquid crystals over a range of temperature between that for the solid crystal and 
the ordinary liquid, will dissolve the corresponding fatty acid whilst still retaining the 
liquid crystalline state. The field of anisotropic liquid not merely extends out into the 
two-component system but is prolonged downwards, in this case apparently from 258-5° 
down to 107°. The heterogeneous region to the left of this tongue consists between 107° 
and 258-5° of crystals of pure soap in equilibrium with the two-component anisotropic 
liquid at the right-hand boundary of this field. The heterogeneous region at the right 
hand of the tongue at 107° right up to 324-4° consists of mixtures of the two immiscible 
phases, liquid crystal and anisotropic liquid. The anisotropic liquid field E requires further 
examination, especially on account of its narrowness and the comparatively low tem- 
peratures to which it has been brought. Its right-hand boundary can be determined by 
a microscopic examination between crossed Nicols on a heating stage. 

The field C is visibly heterogeneous at room temperature. For example, the system 
containing 0-4 mol. fraction of potassium oleate is seen to contain a crystalline solid 
enmeshing an oily liquid. 

Direct proof that the acid soap KOI,HOI does not form solid solutions or isomorphous 
mixtures in the fields A or C is given by the screw-press method developed by Field (loc. cit.) 
for squeezing out any liquid enmeshed by the solid, thus enabling the press-cake residue to 
be analysed. Four such experiments were carried out at 15°, 15°, 17°, and 37°, the original 
composition being 0°24, 0-24, 0-25, and 0-37 mol. fraction of potassium oleate, respectively. 
In each case the press-cake residue had the composition KOl,HOI, the mol. fractions 
actually determined being 0-494, 0-499, 0-50, and 0-50, respectively. | 

Likewise, the same method yields conclusive proof that the transition temperature has 
been correctly interpreted. Here, three experiments were carried out at 49°, 60°, and 103°, 
the original compositions being 0-50, 0-50, and 0-54 mol. fraction of potassium oleate, 
respectively. In each case pure potassium oleate crystals were left as press-cake residue, 
the actual compositions as determined being 1-000, 0-999, and 1-00 mol. fraction of 
potassium oleate, respectively. 


Preliminary Results with the Anhydrous Two-component System 
Sodium Stearate-Stearic Acid. 


Using Kahlbaum’s sodium stearate and stearic acid without purification, we outlined 
the form of the liquid boundary. The soap contained 1-273° of moisture, which appreci- 
ably affects the results, as well as the ease of working, at higher proportions of soap. The 
soap was imperfectly crystalline and tended to pass out from the screw press with the 
liquid. The results, which need confirmation, would indicate that the acid soap 
NaStr,2HStr (or, just possibly, NaStr,HStr) may exist with a transition point at about 
80°, and the acid soap 2NaStr,HStr with a transition temperature of about 97°. We did 
not find NaStr,HStr, but the separation of liquid from the apparent 2NaStr,HStr may have 
been imperfect. The liquid boundaries are outlined by the following provisional deter- 
minations of 7;. Besides the transition points indicated by the breaks in the liquid 
boundary at 97° and 80°, there is a eutectic point at 67° close to the stearic acid boundary. 
The nature of the transition points was confirmed by screw-press experiments with 
analysis of the residue. 


Mol. fraction NaStr ...... 0-0 0:022 0°050 0069 0-124 0°156 0°205 
7G. Siienseakersticetiinnanien 68°4° 68°6° 71°5° 72°6° 74°7° 75°8° 77°7° 
Mol. fraction NaStr ...... 0°239 0:270 0°301 0°350 0°375 0°422 0°427 
Tid scssndianinpeentiembecniien 78°1° 79°3° 82-0° 86°8° 91°7° 107°4° 109°6° 
Mol. fraction NaStr ...... 0°444 0°450 0°508 0°554 0°663 0°666 0:777 
Te. investentnssbininadeennds 113-9° 118-0° 136-0° 152°2° 188° 240° 242°5° 


The soap itself became anisotropic at 260° and isotropic at 400°. 
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SUMMARY. 


It has been shown that potassium oleate, oleic acid, and the acid soap, which contains 
equal proportions of the two, each crystallise out pure without forming isomorphous 
mixtures or solid solutions with each other. The acid soap KOI,HOl exists only below its 
transition temperature, 47°. 

The anisotropic liquid or liquid-crystalline form of potassium oleate, which exists 
between 258-5° and 324-4°, is extended by addition of oleic acid into the two-component 
system and there begins to appear at a temperature as low as 107°. 

Some preliminary results have been obtained for acid sodium stearates, 


STANFORD UNIVERSITY, CALIFORNIA. [Received, April 7th, 1933.] 





218. Conductivity in the Three-component System Oleic Acid—Potassium 
Oleate—W ater. 


By JAmMes W. McBaIN and ALEXANDER STEWART. 


THE physicochemical properties of aqueous acid soap systems have received hardly any 
study. Soap solutions themselves have been shown by numerous investigations to be only 
slightly hydrolysed, the main product of hydrolysis being acid soap. Crystalline acid 
soaps of definite composition have been shown to exist in the anhydrous two-component 
systems soap-fatty acid (for references, see McBain and Stewart, this vol., p. 924). These 
exhibit such formule as potassium hydrogen dioleate, KO],HOI, and in a few cases there is 
a second compound such as disodium hydrogen tripalmitate, 2NaP,HP. All such acid 
soaps exhibit a transition temperature, above which they decompose at once to form a 
liquid of composition intermediate between fatty acid and soap and a solid which is either 
the next higher acid soap or pure soap itself. 

In aqueous systems, as noted by Chevreul in 1823, acid soaps are manifested as sedi- 
ments. In the case of aqueous sodium palmitate to which palmitic acid is added, the solid 
acid soap formed was sufficiently insoluble to permit McBain, Taylor, and Laing (J., 1922, 
121, 621) to find that the conductivity of the soap solution at 90° was largely destroyed 
when sufficient palmitic acid had been added to form the composition 2NaP,HP. This 
was above the transition temperature limiting the possible existence of NaP,HP. 

Finally, the phase-rule equilibria of the three-component system lauric acid—potassium 
laurate—water has been explored between 100° and 360° (McBain and Field, J. Amer. Chem. 
Soc., 1933, communicated). When the present study was begun at the University of 
Bristol in 1925, it was not realised how soluble in each other these three components are, 
even at room temperature, and a systematic phase-rule study of this three-component 
system will be required for final interpretation. We have as guide a knowledge of the 
three corresponding two-component systems (potassium oleate-oleic acid, McBain and 
Stewart, Joc. cit.; potassium oleate-water, McBain and Elford, J., 1926, 421; oleic acid 
and water are immiscible liquids), and analogies with the three-component laurate system 
in which the types of equilibria at high temperatures must in general resemble those in the 
present system at much lower temperatures. 


EXPERIMENTAL. 


A carefully screened and calibrated conductivity set with Cambridge Scientific Instrument 
Co. thermionic valve oscillator and tuned telephone was used. The temperature was 25-000° + 
0-002° (corr.). Two conductivity cells were used as described in previous communications 
by Dr. Laing. The cell constants were 0-3589 and 8-1932, respectively, as found with N/10- 
and N/100-potassium chloride prepared according to Kraus and Parker, with conductivity water 
of 0-6—1-0 x 10° mho. 

Three series of typical solutions were measured, containing 1, 2, and 3 equivs. of potassium 
oleate to one of oleic acid, and from these the values given in the tables were obtained. Analyses 
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were carried out by the method described by Laing (J. Physical Chem., 1924, 28, 681). The 
saponification values of the acid soaps were in good agreement with the results of this method. 

The earlier more dilute solutions were made from a fresh sample of oleic acid (‘‘ Kahlbaum ’’) 
and metallic potassium by the method of Bunbury and Martin (J., 1914, 105, 417). Stirring 
was effected without producing frothing by slow rotation on a horizontal shaft for 10—14 days. 
It would be impossible to prepare some of the plastic concentrated systems by this method ; 
hence, the alternative method was finally employed of using, in place of oleic acid, pure potassium 
hydrogen dioleate, prepared as previously described [the four specimens had M, 601-7, 604-7, 
600-2, and 602-3 (calc., 602-6); mean iodine value 85-5 (calc., 84-3)]._ Such solutions had the 
advantage of being colourless. ; 

Description of the Three-component Systems.—There are no solids in the portions of the three- 
component system under observation at room temperature; nor can any of the solutions be 
resolved in the ultramicroscope. 


Fic. 1, 
Provisional sketch of the phase-rule diagram at 25° for the system potassium oleate—oleic acid-water. 





There are present only isotropic liquids (one aqueous and one largely oleic acid) and an 
anisotropic liquid (liquid crystal). The latter may be derived from middle soap or from neat 
soap; it is not known which. In the lower middle of the diagram exist clear isotropic jellies, 
probably formed as a long projecting tongue from the anhydrous solution of potassium oleate 
in liquid oleic acid. All other systems studied were heterogeneous mixtures of the above. 

A sketch of a phase-rule diagram for the three-component system at 25° is given in Fig. 1. 
The right-hand corner is determined with some probability. The units are fractional pro- 
portions, z.e., fractions of the number of mols. of potassium oleate and oleic acid associated with 
such fraction of a kg. of water that the total composition at any point adds up to unity. 

The isotropic soap solutions consisting of aqueous potassium oleate in concentrations from 
0 up to about 0-8N, are extended into the three-component system by the addition of oleic 
acid. The chief result of the present study is to show that they can dissolve only 1 mol. of oleic 
acid for 2 mols. of potassium oleate, and that therefore this isotropic field is bounded on the 
left by the straight line which points from the H,O corner towards the composition 2KOI,HOl. 
The tie lines from the lower part of this boundary will run approximately parallel to the base of 
the diagram. It is remarkable that the solubility of oleic acid in these soap solutions does not 
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appear to be appreciably greater even at 180°, in contrast to the behaviour of the three-com- 
ponent laurate system. 

The position of the isotropic tongue, which represents a clear jelly towards the middle of the 
diagram, rather resembles that in the laurate system. 

The position of the boundary of the anisotropic liquid is not known except that it must cut 
the line corresponding to the proportions 2KOI],HOl. It might equally well come from the 
boundary of middle or of neat soap. Both of the latter exist in the two-component aqueous 
system even below room temperature, but middle soap is unknown in anhydrous soap systems, 
whereas the neat soap phase comes down to 107° where it reaches the composition KOI,HOl in 
the anhydrous two-component system. 

The 19 points within the diagram were systems of known composition whose description 
corresponded with their relation to the boundaries drawn. Some were photographed between 
crossed Nicols. The anisotropic plastic nature of the liquid in equilibrium with the more 
concentrated aqueous solutions was confirmed by examination of the residue after pressure 
filtration through a porous pot. 

Crystals of potassium hydrogen dioleate placed in water quickly swell, becoming surrounded 
by a sheath of gel-like material. Solutions more dilute than 0-07N,, are milky emulsions, with 
droplets (probably oleic acid in the most dilute solutions) showing a black cross under the 
polarising microscope. Slightly more concentrated solutions show the striking phenomenon of 
elasticity ; after being rotated, the solution comes to rest and then spontaneously rotates,in the 
reverse direction.* This structural elasticity is confirmed by the tendency for lumps of clear 
jelly to separate on standing. 0-1N,-Solution is a thin gel, and above this concentration the 
opacity decreases with increasing concentration. Thus, a 0-3N,-solution is a clear jelly (single 
phase) when hot, becoming slightly cloudy on cooling, whereas a 0-75N,,-solution is a clear 
jelly at room temperature. A 1-0N,-solution is slightly cloudy at room temperature and 
becomes a solid white curd at 5°. It is therefore evident that at room,temperature this series 
of solutions has traversed two heterogeneous and one homogeneous region of the phase-rule 
diagram. Hence, dilution of a clear jelly instantly produces a milky liquid. These phenomena 
may be paralleled by the action of carbon dioxide (even from the air) on potassium oleate solu- 
tions, and they are not due to oxidation, for they occur equally well with air-free solutions in 
an atmosphere of nitrogen. Addition of sufficient potassium hydroxide immediately produces 
a clear soap solution. 

Two systems of gross composition 0-2089N,,-2KOI1,HOI and 0-0788N,-2KOI1,HOI, respec- 
tively, creamed, forming a clear lower layer and an upper layer of emulsion, both phases con- 
taining almost but not quite the same proportion of KOI to HOI, giving the direction of the tie 
line and the position of the phase boundary at the lower end. Their composition in “ fractional 
proportions ”’ was as follows : 


Original solution. Upper layer. Clear lower layer. 
KOl. HOl. KOI. HOl. KOI. HOl. 
0°257 07128 0°377 0°195 0°210 0°097 
0°128 0-064 0°163 0-084 0-098 0:048 


Addition of potassium chloride to aqueous solutions of potassium hydrogen dioleate salts 
out all the oleate as crystals of KOI,HOI, even from extremely dilute solutions. Sucrose and 
glycerol have no visible effect except perhaps slightly to diminish cloudiness. Alcohol causes . 
separation of an aqueous solution containing two equivalents of oleic acid to one of potassium 
oleate into two layers, whereas alcoholic solutions of potassium hydrogen dioleate are clear. 

In Table I is given the hydrolysis alkalinity (concentration of free hydroxyl ion) of typical 
solutions as measured by Miss K. Hay by the indicator method (McBain and Hay, J., 1929, 
589). 
The freezing-point lowering of a solution of 0-0983N,,-KOl1,HOl by the Beckmann method 
was 0-021°, corresponding to a concentration of crystalloid of 0-0113N,, one-ninth of the gross 
concentration. This shows that the acid soap (2KOl,HOl) exists chiefly as such, in colloidal 
form, in the dilute aqueous solution, and that it is likewise but little dissociated. The system 
measured is heterogeneous, the aqueous phase containing only 1HOl to 2KOIl. 

Results of Conductivity Measuremenits.—The results of the conductivity measurements are 


* Compare the similar observation of Hatschek and Jane with N/20-ammonia solution to which a 
few drops of oleic acid have been added (Kolloid-Z., 1926, $8, 33); see also the similar behaviour of 
white of egg (Almquist and Lorenz, U.S. Egg and Poultry Magazine, April, 1932, p. 20). 
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‘TABLE I. 
Effect of Excess of Oleic Acid on the Alkalinity of Potassium Oleate at 90° and at 20°. 


K(N,). Ol(Nw). Excess HOI, %. [OH Joe. [OH Joo. 
0:04 0:04 0:00 0:00154 0:0008 
0°0406 007267 78°98 0:00036 0:0008 
0°025 0°025 0-00 0:00134 0:00074 
0°02558 0:03837 50-00 0:00037 0-00022 
0°0185 0°0185 0-00 0:0012 0:0007 
0°01761 (cloudy) 0:02639 49°85 0:0008 0:00035 
0:014 0°014 0:00 0:0010 000045 
0:0139 (very cloudy) 0:0288 107:2 0°00033 0:000115 


given in Tables II and III. The conductivity of heterogeneous systems is, of course, uncertain 
whenever there is a tendency towards separation of the unequally conducting phases. Further- 
more, the equilibria, especially in the highly viscous systems, are slow of attainment; but, to 
hasten this, the solutions were prepared as before described and brought to approximate 
equilibrium by shaking and heating. Experiments were carried out at least in duplicate. 
The values here recorded represent well-mixed systems soon after preparation. Probably on 
account of slow oxidation, which may be accelerated by platinum electrodes and by shaking, 
there is a slow, nearly linear increase of conductivity over long periods of time which lies between 
0-3 and 1% per day. 

The values in the first two horizontal lines of Table III were obtained directly, the remainder 
by interpolation. 


TABLE II. 


Specific Conductivity and Specific Volume of Aqueous Systems containing (i) added 
KOIL,HOI1; (ii) added KOI and HOI in the proportion 2KOI,HO1; (iii) added KOI and 
HOI in the Proportion 3KO1,HOI. ; 


Nw.* v. x X 104. Nw.* v. x xX 104, Nw.* v. Kk X 104, 
0°000982 1-0040 0°624 0°01016 1:0042 1-221 071948 _ 1:0081 8-182 
(i) 0:00194 1-0040 0°842 0°0724 1:0056 3°734 0°2588 10092 8°60 
0:00497 = 10041 1-028 0:0983 1:0061 4:307 0°974 10165 31°69 
0:00992 ~=1:0042 1-384 0°1502 1:0072 5°167 


f 0-238 1:0054 7°84 0:0477 =: 11:0043 3°58 00157 ~=—- 110041 2-40 
\ 0°00542 1:0040 1°51 

0°236 1:0035 21-90 00169 ~=1-0039 4:09 000566 1-0040 . 
0:0358 1-0039 5°54 000997 1-0040 2-91 0:00177 +=1:0040 1-05 


(ii) 
Gi) { 
* N, is the number of equivs. of K per 1000 g. of water. 


TABLE III. 


Equivalent and Specific Conductivities of Systems containing Definite Amounts of Potassium 
Oleate (Ny) to which varying Amounts of Oleic Acid are added. 


Specific conductivity x 104. | Equivalent conductivity. 








- Excess HOI, — 
equivs. %. 0°2Nw. 0°1409N,,. 0°02106N,y. 0'2Nw. 0°1409N~. 0°02106N y. 
0:00 76°2 » _- — 40°6 
24°24 oo 24°3 6 — 
33°33 18°6 14:1 10:2 10°6 21°6 

50 75 4 4—5 13 

100 = 4 4 9 


18°3 24°9 


Pl 
6 
6 


DISCUSSION. - 


The conductivity results are examined in Fig. 2, obtained by interpolation. It will be 
seen at once that Fig. 2 agrees with the predictions of Fig. 1 in that the specific conductivity 
of any potassium oleate solution falls rapidly and almost linearly upon progressive addition 
of oleic acid until the composition 2KOl,HOl is attained (50° excess of acid) and thereafter 
falls very slowly with further addition of oleic acid. This is because the aqueous soap 
solutions dissolve the oleic acid and remain homogeneous until, at 50% excess, saturation 


~. 
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is reached and a new, poorly conducting phase begins to appear in increasing amount.* 
The behaviour of the equivalent conductivity (referred to potassium) is similar. 

When the proportions of potassium oleate and oleic acid are kept constant and only 
the total concentration is varied, the equivalent conductivity corresponds to about two- 
thirds dissociation in very dilute solutions (0-001—0-002). With increasing concentration 
the degree of dissociation falls very rapidly until at 0-1 it has become constant at only a 
few units %. 

Fic. 2. 


Effect on the specific conductivity of solutions of potassium oleate caused by progressive addition of oleic 
acid up to and beyond saturation, which occurs at a composition corresponding to 50%, equivalents 
excess (2KOI,HO)). 
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SUMMARY. 


1. Potassium oleate solutions dissolve oleic acid until saturation is reached when one- 
half of an equivalent of oleic acid has been added for each equivalent of soap. The equiva- 
lent conductivity thereby falls to about one-tenth of its value except in very dilute solution. 

2. Conductivity, freezing point, and hydrolytic alkalinity agree in showing that the acid 
soap in solution is mostly undissociated and mostly colloid. 

3. The phase in equilibrium with the stronger saturated solutions is anisotropic (liquid 
crystal) and contains almost the same proportions of potassium oleate and oleic acid 
(2KO1,HOl) but with less water. The phase in equilibrium with lower concentrations is 
isotropic, consisting primarily of oleic acid in which potassium oleate and then water 
dissolve. 


STANFORD UNIVERSITY, CALIFORNIA, [Received, May 18th, 1933.] 


* Compare Carriére’s statement (Chem. Weekblad, 1923, 20, 206) that, on addition of oleic acid, a 
hot solution of sodium oleate splits into two phases, and foaming immediately ceases. 
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219. The Electrostriction produced by Salts in Some Aliphatic Alcohols, 


By WARREN C. VosBurRGH, (Miss) L. C. CONNELL, and J. A. V. BUTLER. 


PART I. THE APPARENT MOLAR VOLUMES OF LITHIUM CHLORIDE IN SOME ALIPHATIC 
ALCOHOLS. 


It was observed by Butler and Lees (Proc. Roy. Soc., A, 1931, 131, 382) that the partial 
molar volume of lithium chloride is much smaller in ethyl alcohol than in water; e.g., 
whereas at 18° the molar volume of solid lithium chloride is 20-5 c.c. and the partial molar 
volume in aqueous solution at m = 1 is 18°6 c.c., yet in ethyl alcohol at the same concen- 
tration the value is only 8-6 c.c. and diminishes rapidly as the concentration is decreased, 
becoming negative at small concentrations. It is evident that the electrostriction of the 
solvent produced by the salt is considerably greater in alcoholic than in aqueous solutions. 

The study of this effect offers a very direct means of estimating the forces between ions 
and solvent molecules and possibly of distinguishing between the electrical and other 
factors in solvation. To get some idea of the variation of the apparent molar volume of a 
salt with the nature of the solvent, we determined the densities of solutions of lithium 
chloride in several aliphatic alcohols. Since it appeared that the electrostriction was 
greatest with the lower members of the series, measurements were then made by an 
improved method of a number of salts in methyl alcohol. 


EXPERIMENTAL. 


Materials.—Ethyl alcohol. Absolute alcohol which had been standing over freshly burnt 
lime for several weeks was refluxed for 8 hours and slowly fractionated. It was then distilled 
twice from anhydrous copper sulphate, and again refluxed and distilled from lime. The density 
was not changed during these operations; dj?* 0-78544. 

n-Propyl alcohol. The material contained some unsaturated compounds. Bromine was 
added until the yellow colour persisted. After standing over-night, the liquid was fractionated, 
dried over burnt lime for a week, and redistilled; d?!*" 0-79990. 

n- and iso-Butyl alcohol. These were dried over burnt lime for several weeks, refluxed for a 
day, and fractionated; dj* 0-80625 and 0-79845 respectively. 

Lithium chloride. This was purified by crystallisation from ethyl alcohol, and dried at 170° 
in a stream of dry hydrogen chloride, followed by hydrogen (Pearce and Hart, J. Amer. Chem. 
Soc., 1922, 44, 2411) (Found : Cl, 83-62. Calc.: Cl, 83-61%). 

Determination of Density —On account of the difficulty of purifying large quantities of some 
of the alcohols, a method requiring comparatively small quantities was employed. The pykno- 
meter was a silica bulb, of about 33 c.c. capacity, having a capillary neck about 1 mm. in dia- 
meter, and fitted with a ground stopper. A mark was etched on the capillary, but to avoid the 
difficult operation of adjusting the meniscus exactly to the mark, the distance between meniscus 
and mark was measured by a reading microscope through a plate-glass window in the thermostat. 
The capillary neck was first calibrated by weighing when filled with water to various heights, 
and a calibration curve obtained, giving the volume of the bulb when filled to different points 
above the etched mark. 

A fairly concentrated solution of the salt was prepared and its density determined. Part of 
the solution was then removed from the pyknometer by means of a protected pipette with a very 
fine capillary outlet which could pass through the neck of the pyknometer. This portion was 
weighed, diluted with water, and its salt content determined by addition of an excess of standard 
thiocyanate solution, followed by back titration with silver nitrate. This method of analysis 
appeared to be quite satisfactory in the presence of the alcohols. A quantity of the pure solvent 
was then introduced into the pyknometer through a fine thistle funnel, the pyknometer was 
shaken to ensure thorough mixing and placed in the thermostat. The position of the meniscus 
was then read, and after being dried and kept in the balance case, the pyknometer and its 
contents were weighed. These operations were then repeated a number of times so that the 
densities of a number of solutions were obtained in each series of dilutions. 

This procedure was not so satisfactory as we had expected. The chief source of error 
appeared to be the absorption of small quantities of water from the atmosphere during the filling 
operations. The accuracy obtained, viz., + 0-00002, is sufficient for the determination of the 
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apparent volumes in fairly concentrated solutions, but insufficient for concentrations below 
m = 0-2. The temperature of all the measurements, as determined by comparison with a 
thermometer calibrated by the N.P.L., was 24-90° + 0-01°. Weighings were corrected to 
vacuum. 
Results. 
The measurements are given in Table I, where m is the concentration in g.-mols. of lithium 
chloride per 1000 g. of solvent, c the concentration in g.-mols. per 1. of solution, d the density, 


Fic. 1. 


Apparent molar volumes of lithium chloride in various solvents, plotted against the square root of the molar 
concentration. 
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[The squares on the curve for water ave from the measurements of Baxter and Wallace (J. Amer. Chem. Soc., 
1916, 38, 80). The values for methyl alcohol are taken from Part II of this paper.]} 


and ¢ the apparent molar volume of the salt. The volume of 1000 g. of solvent of density 
dy is Vg = 1000/dy, and that of a quantity of solution of density d containing Mm g. of lithium 
chloride in 1000 g. of solvent is V = (1000 + Mm)/d. The apparent molar volume of the salt 
is thus ¢ = (V — Vo)/m = [(1000 + Mm) /d — 1000/dg]1/m, M being the molecular weight. 
In Fig. 1 the values of ¢ are plotted against Ve. 
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TABLE I. 


Apparent Molar Volume of Lithium Chloride in Various Solvents. 
A. Water, d = 0°99710. B. Ethyl alcohol, d = 0°78546. 


m. 
0:0688 
0°3163 
0°4068 
0°5269 
0°7693 
0°9983 


0°2547 
0°5196 
0°5974 
0°8492 
1-027 


D. 


0°1611 
0°2660 
0°3009 
0°4084 
0°5803 
0°6394 
0°8612 
0°9590 
1-176 
1-262 
1-350 
1-630 
1687 
1-931 


Ve. 
0-262 
0-560 
0-635 
0-721 
0-870 
0-986 


0°451 
0°644 
0°698 
0°822 
0-903 


d. 
0°99879 
1:00479 
100683 
1-00962 
1:01525 
1:02035 


Cc. 


0°80783 
0°81561 
0°81778 
0°82475 
0°82930 


¢. 
17°44 
17°91 
18-29 
18°39 
18-46 
18°58 


n-Propyl alcohol, d = 0°79992. 


4°40 
5°69 
6-14 
711 


n-Butyl alcohol, d = 0°80627. 


0-360 
0°463 
0°492 
0°573 
0°683 
0-716 
0°831 
0°876 
0°969 
1-003 
1-039 
1137 
1-156 
1234 


0°81118 
0°81422 
0°81516 
0°81822 
0°82278 
0°82432 
0°83016 
0°83245 
0°83794 
0°83969 
0°84197 
0°84784 
0°84900 
0°85338 


m. 
0°2760 
0°4494 
0°6548 
0°8868 
2°454 
3°375 


1:144 
1510 
1-720 
2-229 


E. 


0°3470 
0°6157 
0°7650 
0°9345 
0°9755 
1-136 
1248 
1466 
1563 
1°884 
1961 
1971 
2°104 
2°126 


Ve. 

0°465 
0-594 
0-716 
0-834 
1379 
1-608 


0°953 
1-093 
1165 
1326 


0°526 
0-700 
0°780 
0°861 
0°880 
0°948 
0°994 
1-075 
1110 
1215 
1-239 
1242 
1°281 
1287 


d. 
0°79466 
0°80028 
0°80656 
0°81360 
0°85497 
0°87708 


0°83250 
0°84126 
0°84631 
0°85575 


0°80883 
0°81630 
0°82032 
0°82470 
0°82570 
0°82959 
0°83247 
0°83727 
0°83952 
0°84618 
0°84729 
0°84807 
0°84908 
0°84955 


8°19 
9°73 
10°27 
12-96 


isoButyl alcohol, d = 0°79847. 


6°17 
7°56 
8°08 
8°80 
9°02 
9°75 
9°96 
11-09 
11°32 
12°63 
13°24 
12°84 
14°50 
14°49 


It has been shown that in aqueous solutions a relation of the type ¢ = ¢9 + aVc holds 
for most salts over a considerable concentration range (Masson, Phil. Mag., 1929, 8, 218; 
Geficken, Z. physikal. Chem., 1931, 155, 1; Scott, J. Physical Chem., 1931, 35, 2315). It can 
be seen that, except at the highest concentrations, a similar relation holds for the alcohols 
investigated, the slope a being approximately the same in each case and considerably larger than 
in aqueous solution. It being assumed that this linear relation continues to zero concentration, 
the following are the approximate values of gp. 


TABLE II, 


Apparent Molar Volume at Infinite Dilution of Lithium Chloride in Various Solvents. 
Solvent. H,0. CH,°OH. C,H;-OH. x-C,H,°OH. n-C,H,°OH. = iso-C,H,°OH. 


17:0 —3°'8 —4°4 +0°1 +2°5 +11 
2°28 2°30 2°37 _ — 


ParTII. THE APPARENT MOLAR VOLUMES OF SOME SALTS IN METHYL ALCOHOL. 


IN order to obtain greater precision in the extrapolation of the apparent molar volumes to 
infinite dilution, it was desirable to obtain values in fairly dilute solutions, and it became 
evident that in order to reach the high accuracy necessary it was essential to avoid exposure 
of the alcoholic solutions to moist air. Measurements were made with five salts in methyl 
alcohol, using a different form of pyknometer and carrying out the essential operations 
with careful protection from moisture. 


EXPERIMENTAL. 


Apparatus.—The pyknometers (Parker and Parker, J. Physical Chem., 1925, 29, 130) were 
of Pyrex glass and of about 75-c.c. capacity. Pyrex flasks of 200-c.c. capacity, fitted with 
ground glass stoppers bearing tubes like a wash-bottle, were used for making up the solutions. 
The delivery tube of each of the flasks was ground to fit the tube of one of the pyknometers, so 
that solutions could be forced from the flask to the pyknometer without exposure to moist air. 





936 Vosburgh, Connell, and Butler : 


To avoid contamination by atmospheric moisture, some of the operations were carried on in 
a dry atmosphere inside a galvanised iron box with a glass window in front. At the two sides 
it was provided with rubber gloves, 
allowing manipulations to be carried on 
Apparent molar volumes (c.c.) of salts in methyl alcohol. inside without introducing moisture. 
ws A water-bath maintained at 24-88° 
-— 


Fic. 2. 





cv +0-01° was used for temperature 
mys: regulation. The fluctuations of temper- 
ats ature during density determinations 
- > were seldom larger than 0-002°, as 


=~ 
\ - 
a od determined by a Beckmann thermometer, 


and usually less. 


a 





n>) 


rs 
Scale for chlorides 





Materials. — Five different prepar- 
ations of methyl alcohol were used. 
Nos. 1 and 2 were purified as follows. 
Aldehydes and ketones were removed by 
the method of Bates, Mullaly, and 
Hartley (J., 1923, 123, 403). The re- 
sulting solution was fractionated twice 
and treated twice with magnesium for 
i, con dehydration (Lund and Bjerrum, Ber., 
| i 1931, 64, B, 210). The alcohol so ob- 

tained was protected from moisture, 


i ; refluxed with anhydrous copper sulphate 
with a current of dry air passing through 


: the fractionating column (Hartley and 

a Raikes, J., 1925, 127, 524), and finally 

a distilled. It was preserved in _ glass- 

stoppered bottles of Jena glass kept in 

y a dry atmosphere. Nos. 3, 4, and 5 

Lait were recovered from the solutions after 

— es the density determinations and dehydr- 

ated afresh. 

The densities of the five preparations 

O 0-7 02 O38 O48 O85 at 24-88° are given below, each value 

being the mean of two results agreeing 

within two units in the sixth decimal 
place. According to I.C.T. (Vol. III, p. 27), the density at 24-88° is 0-78671. 
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Prepn. No. 1 2 3 4 5 
“ae 0°786639 0°786645 0°786624 0°786632 0°786637 


Lithium chloride was recrystallised twice from water and once from methyl alcohol. It was 
dried by heating at 170—200° in an atmosphere of hydrogen chloride and kept in a vacuum 
desiccator. Transfers from one vessel to another were made in a dry atmosphere. Sodium and 
potassium chlorides were recrystallised twice, fused, ground, and preserved in a desiccator. 
Sodium and potassium iodides were recrystallised twice, finely ground, and heated to constant 
weight at 160°. 

The purity of the sodium and potassium salts was checked analytically by the method used 
in Part I for the lithium chloride solutions. The potassium chloride being assumed 100% pure 
and taken as the standard, the purity of the others was: sodium chloride, 100-00% ; sodium 
iodide, 99-91% ; potassium iodide, 99-92%. The slightly low results for the iodides are probably 
due to analytical error. 

Procedure.—The pyknometers were standardised by conductivity water. The filling and 
adjustment of the level at 25° were carried out as described by Parker and Parker. A sealed 
counterbalance with a total volume within 1 c.c. of that of the pyknometer was used in weighing 
(Hartley and Barrett, J., 1911, 99, 1072; Richards and Chadwell, J. Amer. Chem. Soc., 1925, 
47, 2286; I.C.T., Vol. I, p. 79). Duplicate determinations of the volume gave results agreeing 
within 0-0004 c.c. in all cases. 

The salts were weighed into one of the flasks described above, which was then introduced 





on 


8s° 
ure 
er- 
ons 

as 
ter, 


yar- 
sed. 
ws. 
by 
and 
re- 
vice 
for 
seY., 
ob- 
ure, 
late 
ugh 
and 
ally 
ass- 
t in 
d 5 
fter 
ydr- 


ions 
alue 
eing 
imal 


was 
uum 
and 
itor. 
tant 


used 
pure 
ium 
ably 


and 
aled 
hing 
925, 
eing 


uced 


The Electrostriction produced by Salts in Some Aliphatic Alcohols. 937 


into the dry atmosphere where the bottles of methyl alcohol were kept, and 80—100 c.c. of the 
alcohol were forced from the bottle to the flask by pressure of dry air. The flask was then 
stoppered and the contents weighed, vacuum corrections being made. 

The solution was transferred to the pyknometer by connecting the delivery tube of the flask 
to the inlet tube of the pyknometer by means of the ground joint and forcing the solution over 
by pressure of dry air. The pyknometer was placed in the bath, the level adjusted, and the 
scale reading taken, adequate time for temperature equilibrium being allowed. In some cases 
a little alcohol evaporated from the capillaries and condensed in the caps above the level of the 
thermostat water. This trouble was largely overcome by placing an electric-light bulb near 
the top of the pyknometer to heat it. Any methyl alcohol in the cap was removed by a current 
of air after the pyknometer was taken from the bath. The pyknometer was now washed with 
distilled water and wiped dry. It was allowed to hang in the balance case for two hours along 
with the counterbalance, and then weighed. A second weighing was made after another hour to 
test the constancy. 

Corrections were made for the weight of air in the empty pyknometer, the buoyancy of air 
on the weights, and the air drawn into the pyknometer by contraction of the solution on cooling. 
The error in the densities is probably less than one part in 100,000. 


Results. 


The results are given in Table III, and the apparent molar volumes plotted against the square 
root of the concentration are shown in Fig. 2. The relationship ¢ = ¢» + aVc holds within 
the experimental error. The values of ¢9 obtained by extrapolating the most probable straight 
line to Vc = Oare given in Table IV, together with the values of Geffcken for water solutions. 


TABLE III, 


Densities and Apparent Molar Volumes of Salts in Methyl-alcoholic Solution. 


G. per G. per 

MeOH 1000 g. al MeOH 1000 g. - 

preptn. solvent. : Vo. ; ¢. preptn. solvent. wm. Vo. 

A. Lithium chloride. 

2-705 0°0638 0°224 0°788826 —1-'87 2 12°796 0°3018 0°487 0°796572 
3°538 0°0834 0°256 0°789478 —1-37 2 14901 0°3515 0°526 0°798134 
4:577 0°1079 0-291 0°790309 —1-03 2 21-693 0°5116 0°634 0°803105 
9°254 02183 0°414 0°793916 +0-02 1 47°02 1:109 0°931 0°820974 


B. Sodium chloride. 
1:088 0°0186 0°121 0°787519 —1-72 2 7°853 0°1344 0°325 0:°792789 
2°889 0°0494 0°197 0°788951 —1-09 2 9°032 0°1545 0°349 0°793689 
4°775 0°0817 0°254 0°790422 —0-°5l1 1 10°182 0°1742 0°370 0°794557 


C. Potassium chloride. 


1:449 0°01944 0°124 0°787688 7°55 1 3°422 0:0459 0°190 0°789088 
1:804 0°02420 0°138 0°787930 7°56 3 4175 0°0560 0°210 0°789596 
27911 0°03905 0°175 0°788712 8°37 


D. Sodium iodide. 


5°453 0°03637 0°169 0°790620 13°58 4 27°617 0°1842 0°806495 
6-211 0°04143 0-181 0°791163 13°76 5 47°401 0°3162 0°820418 
9°679 0°06455 0°225 0°793684 13°94 4 53°043 0°3538 0°824349 
17°611 01175 0°304 0°799359 15°31 


E. Potassium iodide. 


8°172 0°04921 0°197 0°792311 24:26 4 28°282 0°17034 0°365 0°806025 
12-996 0°07828 0°248 0°795639 24-82 3 40°179 0°2420 0°435 0°814025 
17°630 0°10620 0-289 0°798800 25°48 4 55°044 0°3315 0°509 0°823917 


TABLE IV. 


Apparent Molar Volumes (c.c.) at Infinite Dilution, 25°. 


Salt. LiCl. NaCl. KCl. Nal. 
In CH,OH =~ $0 (5-2) 11°8 
In H,O (Geffcken) 163 26-4 35°0 
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DISCUSSION. 


If dissociation is complete, the values of the apparent molar volumes at infinite dilution 
should be additive for the ions, and are so in aqueous solution but show a considerable 
deviation in methyl alcohol; e.g., the difference of ¢, for potassium and sodium chlorides 
is 8-5 c.c., while the corresponding difference for the iodides is 10-1 c.c. This discrepancy 
might be due to experimental error leading to an incorrect extrapolation, particularly in 
the case of potassium chloride, for which only a limited range of concentrations was acces- 
sible, owing to its small solubility. The broken line (Fig. 2) shows that the value required 
for additivity, viz., ¢) = 6-7, would not be incompatible with the observed values if the 
points at the lowest concentrations were in error by 0-5c.c.* The lack of additivity might 
also be due to failure of the linear relationship used for the extrapolation in the case of one 
or more of the salts at high dilutions. This, in turn, might be the result of incomplete 
dissociation of the salts at the concentrations employed. Measurements at still smaller 
concentrations are very desirable, but scarcely feasible with a pyknometer method. 

The following table gives the values of the slope a of the salts in methyl alcohol together 
with their values in water as given by Geffcken; the average slope in the former is about 
six times that in the latter. 

Values of a in 6 = 4 + ave. 
Salt. LiCl. NaCl. KCl. Nal. KI. Mean. 
a (CH,‘OH) 11-4 (17°6) 12-0 10°8 10-9 
2°2 2°4 1°4 16 18 

Redlich and Rosenfeld (Z. physikal. Chem., A, 1931, 155, 65) have given a calculation 
of the limiting value of this slope from the Debye—Hiickel equation for the free energy of a 
strong electrolyte at small concentrations. For a uni-univalent electrolyte the latter may 
be written F, — F3 = 2RT log m — 2 x 2-303RThc2, where F, is the partial molar free 
energy at the concentration m(or c), #2} a constant, and h is the Debye—Hiickel constant 
1 /2-303(c?/DkT)®?(2N /1000). Differentiating with respect to the pressure P, we have 
[0(F, — F%)/0P|rm = V, — V3 = — 2 x 2-38RT[O(hc¥2) OP] rm or, V, — V3 = gc¥*, where 
q = 2:3RTh(30D/D . OP — 8) and V2, V? are the partial molar volumes in the given solution 
and at infinite dilution respectively, D the dielectric constant of the solvent, and 6 = 
— 0V/V .OP, its compressibility. Using apparent molar volumes instead of the partial 
molar volumes, we have ¢ = ¢9 + 2qcl?/3, or a = 2¢/3. 

Redlich and Rosenfeld calculated for water g = 2-7 + 0-8 (16°). A similar calculation 
for methyl alcohol, with h = 2-1, D = D,(1 + 1-0 x 10*P) (I.C.T., Vol. VI, p. 78), 8B = 1-2 x 
10, gives g = 21, anda = 14. Taking into account the uncertainty of 0D/0P, the agree- 
ment with the observed values is reasonable (cf. above table). 

According to Redlich and Rosenfeld’s equation, all uni-univalent salts should have the 
same limiting slope. The differences which have been observed in the actual slopes at 
fairly high concentrations are somewhat greater than can be accounted for by experimental 
error, with the possible exception of potassium chloride. Disagreement with the theory 
at moderately high concentrations is not surprising in view of the fact that the theory is 
based on the Debye—Hiickel limiting law. No adequate reason why the square root 
relation should hold over such a considerable concentration range has yet been suggested.f 


Part III. CALCULATION OF THE ELECTROSTRICTION BY IONS IN SOME ALCOHOLS. 


A THEORY of the volume change produced by electrostriction in the vicinity of an ion has 
been given by Webb (jJ. Amer. Chem. Soc., 1926, 48, 2589). If —AV;/V is the fractional 

* In such a dilute solution an error of 0°6 mg. in a total weight of 58 g. would account for an error 
of this magnitude. 

t The Debye-Hiickel equation for concentrated solutions may be written as F, — FS = 
2RT log m — 2 X 2°303RThc'?/(1 + Ac?) + Bc, where the denominator of the second term on the right 
gives to a first approximation the correction for finite ionic radius, and the term Be in a broad sense 
includes effects due to solvation. If the last term is independent of the pressure, the partial molar 
volumes will be calculable from the pressure variation of the second term alone. The term in the 
denominator may be capable of accounting for the small differences of slope of the various salts. 
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change of volume at a distance 7 from the centre of the ion, where the pressure is fr, the 
total contraction of the solvent round an ion is given by 


C= [° — (aveV) dr. dr A 


where 7% is the radius of the ion, 7.e., the region into which no solvent molecules can enter. 
The fractional volume change can either be obtained directly from the observed relative 
volume of the solvent at the pressure #r, or by the equation 


Pr br 
OT = | QV /Vop . dp = -| B. dp, 
0 


where 8, the compressibility, is a function of the pressure. It is therefore necessary to 


know the pressure as a function of 7. 
Let 8 be the dielectric displacement, E the electric field strength, K the internal field 


strength, and P the polarisation per unit volume at a point at a distance 7 from the centre 
of anion of chargee. These quantities are connected by the equations, 8 = e/r?; § = E +- 
4nP; K=E+ 4nP/3. Writing 4xP/3 = A, we have 8 = K + 2A = e/r*, and there- 
fore the expression 4x7? . dy can be replaced by 


Qne?2(1 + 2A’)/(K + 2A)52. dK, 


where A’ = dA/dK. 
Then (1) becomes 





; Ke/—AV\ 1+ 2A’ _ 
C = ands |" . ) tanya 2K te ee (Q) 


where Ko is the value of K at the surface of the ion. 
The pressure # at a point in the solvent where the internal field strength is Km is 


pb = naKn?/2 + nKT log (sinh x/x) — 3A2/8m.. 2. 2. . (8) 


where x = uKm/kT, n is the number of solvent molecules per c.c., « the optical polarisa- 
bility of the solvent molecules, and » their dipole moment, & the Boltzmann constant per 


molecule, and Am is given by 
Am = 4n/3[naKm + npL(x)], 


and L(x) is Langevin’s function (coth x — 1/x). 

The proper choice of » for the solvents presents some difficulty, for a comparison of the 
dielectric constants of the liquids with the moments of the permanent dipoles as determined 
in the vapour state indicates that a considerable amount of dipole association has taken 
place (cf. Smyth, “‘ Dielectric Constant and Molecular Structure,” p. 169). A weak electric 
field would probably have little effect on the associated units, and the proper value of yu in 
these circumstances would appear to be the effective moment per molecule in the liquid 
state. The intense fields of force near the ions are probably much greater than the forces 
causing the association of dipoles, and each solvent molecule may be expected to react 
independently with the field. In this case the proper value of » appears to be that of the 
permanent moment of the isolated molecule. On the other hand, it is found that the value 
of p, according to (3), for large values of K depends only slightly on the value of u, the terms 
containing « being more important. We have therefore used the effective dipole moment 
of the liquid, calculated from the dielectric constant ¢ by the formula 


(e — 1)M/(e + 2)d = Pg + 4nxNy?/9kT 


where Pg, the electronic part of the molecular polarisation, has been taken as equal to the 
molecular refractivity for the D line (Rp). Similarly « = 3Rp/4N. 

It is not clear what value of u was used by Webb in his calculations for water, and the 
formula used by him for determining the compressibilities is inadequate at high pressures. 
We have therefore repeated the calculation using the value of » obtained as above and have 
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made similar calculations for methyl, ethyl, and n-propyl alcohols. The values of the 
constants employed are given below. 


p X 1018 (effective). ax 10%, n X 10-22, 
0-814 1-46 3°35 
1°17 3°24 1°51 
1°37 5°04 1-04 
1°47 6°91 0°812 


The volume changes at high pressures at 25° were obtained by interpolation from the 
data of Bridgman (I.C.T., Vol. III, p. 41), and extrapolated to pressures beyond his range 
by the straight-line plot of V against log #, which is probably reliable up to 10° atmospheres. 
At low pressures the following compressibilities were used, H,O, 8 = 49 x 10°*; CH,-OH, 
120 x 10%; C,H,;-OH, 110 x 10%; C,H,OH, 98 x 10%. Intermediate values were 
obtained by drawing a smooth 
curve of AV against #, to fit the 
measured compressibility at low 
, pressures and Bridgman’s data at 

ill 500 and 1000 atmospheres. 

II Ye Table V gives for each of the 
Y four solvents (1) the internal field 

V/ strength Km, (2) the value of 7 at 
which it applies, (3) the pressure 

fr at this distance in mega- 
dynes/cm.?, (4) the fractional con- 
L traction —AV;/V, (5) the total 


L 
¥y Y contraction C by electrostriction 


for 1 g.-mol. of ions of radius 7, 


Fic. 3. 


Calculated apparent molar volumes (c.c.) at infinite dilution of 
ions in various solvents at 25°. 




















(6) the calculated apparent volume 


Z 
rs at infinite dilution, 6. =4x77/3 —C, 
Vi 


for 1 g.-mol. ofions. The last data 





“ are plotted against r in Fig. 3. 
It is now necessary to see how 
A far the calculated volumes are in 
A | accordance with the experiment- 
ally observed values. Qualita- 
- 40 © tively, it is obvious that the theory 
gives a considerably greater elec- 
trostriction for a given radius in 
the alcohols than in water, and 
the difference is of the right order 
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negeigelcags deny of magnitude. A closer comparison 

I, H,O; II, CH,OH; III, C,H,OH; IV, n-C,H,OH. can be ainde by finding the mean 
ionic radii for the various salts which are required to give agreement with the observed 
molar volumes. This was done by reading off the ionic radii corresponding to half the 
observed apparent molar volumes from the curves of Fig. 3. The radii so obtained, 
which are given in Table VI for water and methyl alcohol, are mean values for the salt, 
and no attempt was made to assign radii to the separate ions. 

For agreement with the theory it is thus necessary to assume that the ions have radii 
6—10%, larger in methyl alcohol than in water. Since some importance factors, such as 
the variation of the electronic polarisability owing to electric saturation in very intense 
fields, have been neglected, and the value of the proper effective moment is uncertain, the 
agreement is quite reasonable. 

On the other hand, the calculations give a slightly increasing electrostriction for a 
constant radius as we pass from methyl to propyl alcohol. Similar calculations on isobutyl 
alcohol, in so far as data were available, indicated values which were scarcely distinguishable 
from those of -propyl alcohol. Although the observed apparent molar volume of lithium 
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TABLE V. 


Calculation of electrostriction and apparent molar volumes of ions. 
105 2x 105 4x 10° 6 x 10° 10° 2x 108 4x 108 
Water. 

4:26 3°24 2°50 ; : : 0-90 
0°26 1°69 7°13 j ; 391 
00116 0:0636 0-196 . *456 ‘ 1151 
1:97 5:0 10°4 : ; 25°6 

194 81-4 29°3 ‘ ‘ , —22°5 


Methyl alcohol. 
ry, A. ; 3°44 2°61 . : : 0-91 
Press., pp X 10-3 ... “3 2°20 6°40 , ’ . 364 
—AV,/V , 0°140 0°268 rg 56! ‘ 1°60 
: “6 15°8 27°6 ; P F 49°4 
87°5 17°5 ‘ i ; —47°5 


Ethyl alcohol. 


y, A. 4°57 3°50 2°64 

Press., p, X 107 ... 0386 1-72 5:98 

—AV,/V 0°036 0-116 0°256 
5) C, cc. 8°9 17°9 28°6 
Fe eee 233 90°9 18°1 


n-Prvopyl alcohol. 
4°66 3°54 2°65 , , ‘ 0°89 
0-394 1-66 5°79 : ‘ 377 
0°033 0°102 0°215 ; , , 1-00 
12°4 20°9 30°9 , f , 49-0 
245 91°8 16°3 . i ‘ —47°2 


0°90 
369 
1°605 
50°7 
— 48°8 


te 
Dh our 
mrad 

DN 


ne 


TABLE VI. 


Mean atomic radii of ions in salts from apparent molar volumes. 


Salt. LiCl. NaCl. KCl. Nal. KI. 
Mean radius, A., H,O 2-08 2°19 2-28 2-38 
Mean radius, A., CH,-OH . 2-29 2°37 2°43 2°51 


chloride is less in ethyl than in methyl alcohol, as is in accordance with the calculations, the 
values in the higher alcohols are appreciably greater. The mean radii of the ions which are 
required to make the calculated agree with the observed values are given in the last line 
of Table II. Their variation is not unreasonably large and may represent a real increase 
in the radius of the cavities containing the ions as we pass up the series. It is possible, 
however, that the behaviour of lithium chloride is somewhat anomalous, for its apparent 
molar volume is slightly less in methyl alcohol and slightly greater in water than that of 
sodium chloride. A fuller discussion of the volumes of salts in these solvents must there- 
fore await further experimental material. 

In the course of the calculations it was found that in some circumstances, viz., with 
large values of py and small values of K, A as calculated by Webb’s expression may become 
greater than K and consequently negative values of # are obtained. This does not arise 
with the effective moments employed above, but if the actual moments of the molecules are 
used, a negative pressure is obtained with the lower members of the series for small values 
of K, and the theory would require in these circumstances an expansion of the solvent 
instead of electrostriction for very large ions. This effect, which apparently has not been 
previously noticed, may be of importance in connexion with the large apparent volumes in 
aqueous solution of some of the heavier ions. 


SUMMARY. 


1. The apparent molar volumes of lithium, sodium, and potassium chlorides and 
sodium and potassium iodides in methyl alcohol and of lithium chloride in four of the 
lower aliphatic alcohols have been determined. 
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2. All the salts obey the equation ¢ = ¢, + a/c over the concentration range 
examined, except when approaching saturation in some of the higher alcohols. The 
differences of a for the various salts in methyl alcohol are greater than the experimental 
error, but the average value of a, which is six times the value in water, is in approximate 
agreement with the limiting value for uni-univalent salts in this solvent calculated by the 
equation of Redlich and Rosenfeld. 

3. The electrostriction by the ions is considerably greater in the alcoholic than in 
aqueous solutions. The extrapolated values of the apparent molar volumes at infinite 
dilution in water and methyl alcohol are in reasonable agreement with values calculated 
by Webb’s theory of electrostriction. In the propyl and m- and iso-butyl alcohols a small 
variation of the mean ionic radius of lithium chloride is sufficient to make the calculated 
values of ¢) agree with those observed. 


We thank the Committees of the Earl of Moray Fund and of the Ritchie Fund for grants. 
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220. Synthetical Experiments in the Chromone Group. Part IX. A 
Synthesis of 5:7: 4'-Trihydroxy-3' : 5'-dimethoxyflavone, believed to 
be Identical with Tricin. 

By K. C. GuiaTti and K. VENKATARAMAN. 


THE validity of the suggestion (Venkataraman, Current Science, 1933, 1, 238) that tricin, 
the colouring matter of ‘‘ Khapli’’ wheat (Anderson and Perkin, J., 1931, 2624; Anderson, 
Canadian J. Res., 1932, 7, 285), is the 3’ : 5’-dimethyl ether (I) of 5: 7: 3’: 4’ : 5’-penta- 
hydroxyflavone (tricetin) has now been tested by synthesis, the method used by Heap 
and Robinson (J., 1929, 67) in the case of syringetin being employed. The interaction 
of phloracetophenone with O-benzylsyringic anhydride and sodium O-benzylsyringate, 
followed by vigorous alkaline hydrolysis, led to 5 : 7-dihydroxy-3’ : 5'-dimethoxy-4'-benzyl- 
oxyflavone (II); debenzylation with hydrochloric acid in acetic acid yielded (I), whose 
properties (m. p., colour reactions, and m. p. of the O-triacetyl derivative) were in agree- 
ment with those of natural tricin. 


O OMe O OMe 
HO Cc OH HO C O-CH,Ph 
(I.) } ak | 3. ane (IL) 
OU OMe QU Me 
HO CO HO CO 


The penta-acetyl derivative of synthetic 5:7: 3’: 4’: 5’-pentahydroxyflavone was 
found by Bargellini and Monti (Gazzetta, 1915, 45, 64) to melt at 216—218° and by Anderson 
at 241—242°. The acetylation of the pentahydroxyflavone of Badhwar, Kang, and 
Venkataraman (J., 1932, 1107) has confirmed Anderson’s observation. The flavone 
itself, after repeated crystallisation, darkened and decomposed gradually above 310° as 
stated by Badhwar and others (compare Anderson, Joc. cit.). 


EXPERIMENTAL. 


5:7: 3’: 4’: 5’-Penta-acetoxyflavone.—Acetylation of the pentahydroxyflavone of Badhwar 
et al, (loc. cit.) and two crystallisations from alcohol gave colourless needles, m. p. 241—242°; 
a portion appeared to remain semi-solid and complete clarification took place only at 246— 
248° [Found (microanalysis by Schoeller): C, 58-2; H, 4:1. Calc. for C,;H.0,,.: C, 58-6; 
H, 3-9%]. 

5 : 7-Dihydroxy-3’ : 5’-dimethoxy-4'-benzyloxyflavone (II).—A mixture of phloracetophenone 
(5 g.), O-benzylsyringic anhydride (35 g.), and sodium O-benzylsyringate (6 g.) was heated at 
180—185° for 7 hours, The product was refluxed with 10% alcoholic potassium hydroxide 
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(140 c.c.) for 45 minutes and poured into water (1 1.), and the deep orange turbid solution satur- 
ated with carbon dioxide. A dark brown oil separated together with an orange solid; both 
were collected and boiled with 2-5% aqueous potassium hydroxide (100 c.c.) for 15 minutes. 
The liquid was filtered and again saturated with carbon dioxide. The deep orange powder 
which slowly separated was crystallised from acetic acid and then from aqueous acetone, form- 
ing pale orange, stout, prismatic needles (0-4 g.), m. p. 234° [Found (micro.): C, 68-6; H, 4-9. 
Co4Ho9O, requires C, 68-6; H, 48%]. The substance dissolves in sulphuric acid with a pale 
yellow colour and no fluorescence and in aqueous sodium hydroxide with a pale yellow colour; 
an alcoholic solution is turned greenish-brown by ferric chloride. 

5: 7: 4'-Trihydroxy-3’ : 5’-dimethoxyflavone (1).—To (II) (0-2 g.) in acetic acid (15 c.c.) heated 
on the water-bath, concentrated hydrochloric acid (1 c.c.) was added drop by drop; the red 
mixture turned to a clear yellow solution. More acid (1 c.c.) was added, and the heating con- 
tinued for $ hour. Dilution with water gave a pale yellow precipitate, which was crystallised 
twice from 70% alcohol. The pale old-gold yellow needles sintered at 278° and melted at 286— 
287° (tricin has m. p. 288°) [Found (micro.): C, 61-5; H, 4:3. Calc. for C,,H,,0,: C, 61-8; 
H, 4:2%]. The pale yellow solution of the substance in sulphuric acid exhibited no fluorescence ; 
the other reactions were identical with those described for tricin (Anderson and Perkin, Joc. cit.). 
The acetyl derivative crystallised from alcohol in colourless silky needles, m. p. 249—251° (tri- 
acetyl tricin, 251—254°) [Found (micro.): C, 60-5; H, 4:6. Calc. for C,3;H.0,): C, 60-5; H, 
4:5%]. Deacetylation with hot 50% hydrochloric acid and crystallisation from alcohol gave 
(I) in pale yellow, } cm.-long needles, m. p. 286—287°. 


FORMAN CHRISTIAN COLLEGE, LAHORE. , [Received, June 1st, 1933.] 





221. Equilibria in the Systems (NH,),SO,-NiSO,-H,0, (NH,),SO,— 
CoSO,-H,0, (NH,).SO,-ZnSO,-H,O0, Na,SO,-NiSO,-H,0, and. 
Na,SO,-CoSO,-H,O, at 25°. 


By Ropert M. Caven and W. Kipston GARDNER. 


THE isotherms of a number of systems of the type M’,SO,-M’’SO,-H,0, where M’ is Na, 
K, or NHy, and M” is Mn, Ni, Co, Cu, or Zn, have been studied by one of the authors and 
his co-workers (J., 1924, 125, 1428; 1926, 2628; 1927, 2358, 2902; 1928, 2506), and the 
five systems whose isotherms are described in the present paper complete the series. The 
polytherms of the systems (NH,),SO,-NiSO,-H,O and (NH,),SO,-CoSO,-H,0 have been 
investigated by Benrath (Z. anorg. Chem., 1928, 208, 169). 

It is well known that all double salts of ammonium sulphate with bivalent metallic 
sulphates, crystallising from water near room temperature, contain 6H,O, whilst those 
with sodium sulphate contain only 2 or 4H,O. In the present work it has been unnecessary 
to analyse the solid phases, qualitative examination of them being sufficient, since Koppel 
(Z. physikal. Chem., 1905, 52, 385) has shown that the double sulphates of sodium with 
nickel and cobalt crystallise with 4H,O. 


EXPERIMENTAL. 


The method adopted was the usual one of making saturated solutions of the two salts at 
30°, and placing successively various proportions of the two solutions in a suitable bottle kept 
in a thermostat at 25°. The bottle was loosely covered, and fitted with a stirrer; and the 
mixture was stirred for three days, before a portion of the solution was withdrawn for analysis, 
stirring, withdrawal, and analysis being continued till constancy was obtained. 

The following methods of analysis were adopted. 

System (NH,),SO,-NiSO,-H,O. The nickel was estimated volumetrically by the cyanide 
method of Kelly and Conant (Ind. Eng. Chem., 1916, 8, 804). The ammonium was at first 
calculated after estimation of the total sulphate, but later it was found more convenient to 
estimate it directly by adding excess of sodium hydroxide to the solution and distilling the 
ammonia into an excess of standard hydrochloric acid. 

System Na,SO,-NiSO,-H,O. The nickel was estimated by precipitation and weighing as 
nickel dimethylglyoxime, and the sodium was calculated after estimation of total sulphate, 
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The results for the system Na,SO,-NiSO,-H,0 were obtained at 25-5°. 

System (NH,),SO,-NiSO,-H,O at 25° (Fig. 1). System (NH,),SO,-ZnSO,-H,O at 25° (Fig. 3). 

(NH,),SO,. NiSO,. Solid phase. (NH,),SO,. ZnSOQ,. Solid phase. 
—: 2°490 . — 3°571 ZnSO,,7H,O 

0-2020 9-498 } NiSO,,7H,0 0°1313 3560  ZnSO,,7H,O & DS. 
0°2727 2°505 NiSO,,7H,O & D.S. 0°1703 3°160 
0°2839 2°337 0°2628 2-100 
0°2296 0°2287 0°3248 1-429 
0°4976 0°0534 0°4680 0°6220 
0°8136 0°0353 0°6054 0°3176 
1°375 0°0237 Ay 0°8511 0°1708 
2°104 0°0159 ‘ 1-288 0:0930 
2°471 0°0136 1-913 0°0795 
3°241 0°0088 2-993 0°0291 
3°808 0:0057 3°742 0°0183 
5°813 = (NH,).SO, 5°826 _ (NH,),SO, 
D.S.= Double salt : (NH,),SO,,NiSO,,6H,O. D.S.= Double salt : (NH,),SO,,ZnSO,,6H,O. 


System (NH,),SO,-CoSO,-H,O a# 25° (Fig. 2). System Na,SO,-NiSO,-H,0 at 25°5° (Fig. 4). 
(NH,),SO,. CoSOQ,. Solid phase. Na,SO,. NiSO,. Solid phase. 

— 2°441 CoSO,,7H,O ~_- 2°619 » 
0°2868 2°430 CoSO,,7H,O & D.S. 0°5041 2°530 
0°3156 2°352 ) 0°7152 2°514 
0°3522 1-744 0°7661 2°501 
0°3986 1-678 0°8818 2°487 /NiSO,,7H,O 

» 04488 1-054 1-144 2°449 
0°4677 0°9419 1-286 2°416 
0°4644 0°9404 Se 1-391 2°395 
0°4655 0°9069 1°535 2°374 / 
0°5989 0-5916 1-636 2353 NiSO,,7H,O & D.S. 
1°375 071581 1-715 2074 \ ns 
2°534 0:0967 1-933 1°872 = 
3°061 0-0606 2°169 1818 D.S.&Na,SO,,10H,O 
4689 0:0370 2°145 1:319 
5°826 — (NH,),SO, 2°144 1153 | na,s0,.1018,0 

2-066 -- 
D.S.= Double salt : (NH,),SO,,CoSO,,6H,O. D.S.= Double salt : Na,SO,,NiSO,,4H,0. 


Fic. 1. 
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Fic. 1.—System (NH,),SO,—-NiSO,-H,0 at 25°. Fic. 2.—System (NH,),.SO,-CoSO,-H,0 aé 25°. 
Fic. 3.—System (NH,),SO,-ZnSO,-H,O at 25°. 
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System (NH,),SO,-CoSO,-H,O. The ammonium was at first estimated by distillation, and 
the cobalt calculated after estimation of total sulphate. As the quantity of cobalt in the solu- 
tion decreased, however, it was found better to estimate this directly by precipitating it as 
hydrated sesquioxide with bromine and caustic soda, and igniting and reducing the precipitate 
to metallic cobalt before weighing; the ammonium was then calculated after estimation of 
total sulphate. 

System Na,SO,-CoSO,-H,O. The cobalt was estimated directly as in the above system, 
and the sodium calculated after estimation of total sulphate. 

System (NH,),SO,-ZnSO,-H,O. The ammonium was at first estimated by distillation, and 
the zinc calculated after estimation of total sulphate. As the quantity of zinc in the solution 
decreased, this metal was estimated by precipitation and weighing as zinc ammonium phosphate, 
and the ammonium calculated after estimation of total sulphate. 


Fic. 4. 


System Na,SO,—NiSO,-H,O at 25°5 
System Na,SO,—-CoSO,—-H,0 at 25°. 





Naa 50;-NiS0g-Hy0at- 
25:§° | System Na,SO,-CoSO,-H,O aé 25° (Fig. 4). 


Na,SQ,. CoSQ,. Solid phase. 
“ nal 2-433 | 
0°1983 2°406 
0°4220 2°372 | CoSO,,7H,' O 
Se 0°7565 2°327 ‘ 
1075 2:°275 CoSO,,7H,O & D. 
25 1-356 1-891 | os 


Me 





Os) 


1-663 1-665 

2-035 1-517 

2-092 1510  Na,SO,,10H,O & D.S. 
2-069 1-119 

2-044 0°7501 | Na,SO,,10H,O. 
1-988 7 


D.S.= Double salt : Na,SO,,CoSO,,4H,O. 
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The results obtained are given in the tables as mols. per 1000 g. of water, . ane are plotted 
with rectangular co-ordinates in Figs. 1, 2, 3, and 4. 








CONCLUSIONS. 


1, The isotherms obtained for the systems Na,SO,-NiSO,-H,0, Na,SO,-CoSO,-H,O 
are quite different from those of the sulphates of the same bivalent metals with ammonium 
sulphate. This is in accordance with the results recorded previously. 

2. There is a marked similarity between the isotherms of the systems Na,SO,-NiSO,- 
H,O and Na,SO,—CoSO,-H,0 (Fig. 4). In each case addition of sodium sulphate decreases 
the solubility of the bivalent sulphate, whilst addition of the bivalent sulphate increases 
the solubility of the sodium sulphate up to the triple point. The work of Caven and 
Johnston (J., 1928, 2506) on the systems Na,SO,-MSO,-H,O (M = Zn, Mn, or Cu) shows 
the same effects on the solubilities of the sulphates. 

3. The isotherms of the systems (NH,),SO,-MSO,-H,O (M = Ni, Co, or Zn) (Figs. 1, 
2, 3) are alike in that no increase of solubility of ammonium sulphate is observed on addition 
of bivalent sulphate. In fact, in each case the slightest addition of bivalent sulphate causes 
the double salt to separate as solid phase. From this it appears that none of the corre- 
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sponding double salts (NH,),.SO,,MSO,,6H,O is perceptibly soluble in a saturated solution 
of ammonium sulphate. 

4. Addition of ammonium sulphate to nickel sulphate causes a slight increase in its 
solubility, whilst addition of ammonium sulphate to cobalt sulphate or to zinc sulphate 
causes a slight decrease in the solubility of these sulphates to the triple point. 

After the triple point the decrease in the solubility of the double salt is very rapid as 
the proportion of ammonium sulphate increases up to about 1 mol. per litre in the case of 
the cobalt and zinc double salts, and 0-25 mol. per litre in the case of the nickel double salt. 

5. The double salts of the type (NH,),SO,,M”’SO,,6H,O have a much greater range of 
formation than those of the type Na,SO,,M”SO,,4H,O. 


Royat TECHNICAL COLLEGE, GLASGOw. (Received, May 17th, 1933.] 





222. The Preparation of Alkylanilines containing Tertiary Alkyl 
Groups. 


By W. J. HicKINBOTTOM. 


It became necessary, for an investigation on the addition of amines to olefins (Hickinbottom, 
J., 1932, 2646), to have specimens of alkylanilines containing /ert.-alkyl groups. The 
preparation of such compounds from #ert.-alkyl halides presents serious difficulties; for 
instance, Nef (Annalen, 1899, 309, 164) prepared /ert.-butylaniline in this way, but could 
not obtain pure /ert.-amylaniline by a similar method. 

By a suitable modification of Nef’s procedure, it has now been possible to obtain not 
only /ert.-butyl- (I) but also tert.-amyl- (II) and tert.-hexyl-aniline (III) in a state of purity. 
The yield of each amine is, however, comparatively small, for when a /ert.-alkyl halide 
reacts with aniline, the principal product is an olefin. Indeed, this reaction has been found 
very convenient for the preparation of pure «$-dimethyl-«-ethylethylene (V) from éert.-hexyl 
iodide. 

No examination of the reactions of these alkylanilines has hitherto been made, nor have 
derivatives of them been previously reported. Each of the amines now described has been 
characterised by a well-crystallised hydrochloride, a picrate, and a p-toluenesulphonyl 
derivative. The nitrosoamines from éert.-butyl- and ¢ert.-amyl-aniline are crystalline, but 
that from /ert.-hexylaniline is liquid at room temperature. Methyl iodide reacts with 
tert.-butyl- and with /ert.-hexyl-aniline to furnish the corresponding tertiary amines, 
although the /er/.-alkyl group is partially eliminated during the reaction. 


a EtC@Me, Et tne 
NH MeN-CMe, 


Oo 0 0 9 


(I.) (II.) (III.) (IV.) 


It is noteworthy that both methyl-tert.-butylaniline (IV) and methyl-tert.-hexylaniline 
are indifferent to aqueous solutions of nitrous acid and therefore do not furnish -nitroso- 
derivatives. Similarly, attempts to obtain such derivatives from the nitrosoamines of the 
tert.-alkylanilines by the Fischer—-Hepp reaction were unsuccessful. Instead, the nitroso- 
group was eliminated, with formation of the hydrochlorides of the dert.-alkylanilines. It is 
already known that the nitrosoamines derived from certain other alkylanilines sometimes 
fail to give any appreciable amount of the #-nitroso-compound by the Fischer—Hepp 
reaction, but this is stated to be due to the solubility relationships of the hydrochlorides 
of the secondary amine and the potential f-nitrosoamine (O. Fischer, Ber., 1912, 45, 1099). 
It is doubtful if such an explanation can be applied to the examples now described, in view 
of the failure of methyl-éert.-butyl- and -hexyl-aniline to yield p-nitroso-derivatives. A 
more probable hypothesis is that, owing to abnormal conditions prevailing at the amino- 
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group, the reactivity of the para-position is reduced. Specific evidence of the abnormality 
of the ¢ert.-alkyl group in these amines will be presented later (see Hickinbottom, Nature, 
1933, 131, 762). There are several observations on record which suggest that the reactivity 
of the amino-group and of the para-position are interdependent; for instance, dimethyl- 
o-toluidine and dimethylamino-f-xylene do not readily combine with methyl iodide, nor 
do they yield #-nitroso-derivatives by the action of nitrous acid (von Braun, Arkuszewski, 
and Kohler, Ber., 1918, 51, 282). o-Chlorodimethylaniline is similarly indifferent to aqueous 
nitrous acid, and reacts very sluggishly with methyl iodide (Friedlander, Monaish., 1898, 
19, 625; von Braun, Ber., 1916, 49, 1101). The low reactivity of the para-position of the 
amines just cited is also exhibited in reactions with benzaldehyde and formaldehyde, 
although the regularities are not so striking as with nitrous acid. 

It is significant that this low reactivity of the para-position is accompanied by a com- 
paratively low reactivity of the amino-group, in regard to acylation. Reaction with acetic 
anhydride takes place sufficiently slowly to enable a mixture of aniline and one of these 
amines to be separated by treating it with an aqueous suspension of acetic anhydride; with 
care, the aniline is acetylated completely while the alkylaniline can be recovered almost 
unchanged by adding sodium carbonate. The arylsulphonyl chlorides react with these 
amines even more sluggishly than acetic anhydride, a mixture of ¢ert.-butylaniline and 
p-toluenesulphonyl chloride showing no appreciable reaction in several hours; further, 
measurements showed that the following proportions of #-toluenesulphonyl chloride 
(1 mol.) had reacted with éert.-amylaniline (2 mols.) after definite times at room temperature : 
72 hrs., 46% ; 120 hrs., 56%; 288 hrs., 77%. On the other hand, 96% of the chloride had 
reacted with zsoamylaniline under similar conditions in 2 hours. 

Although the reaction between these amines and arylsulphony]l chlorides is so sluggish, 
it proceeds fairly readily in pyridine solution and this method is the most convenient. 
Even in this solvent, however, éert.-hexylaniline does not readily form a toluenesulphony] . 
derivative at room temperature, as do its lower homologues, heating being required. 


EXPERIMENTAL. 


Preparation of tert.-Butylaniline—The following modification of Nef’s procedure (loc. cit.) 
was found to be satisfactory. eri.-Butyl iodide (37 g.) and aniline (38 g.) were mixed in a 1-1. 
round-bottomed flask fitted with a reflux condenser. The upper end of the condenser was 
closed by a cork through which passed a wide tube leading to an aspirator full of water, to serve 
as a receiver for the gas liberated during the reaction. 

There was no obvious sign of reaction for about 6 mins., but then there was a rapidly increas- 
ing evolution of gas. The following table records the volume of gas collected after various 
periods from the initial mixing of the reactants : 


a ccccnhnaibiin 6 14 18 21 22 23 26 
Vol. (c.c.) 100 200 660 1000 2000 2300 


The reaction mixture was shaken continuously during the evolution of the gas; otherwise, 
this became so violent as to project the product from the flask. The gas liberated in this 
preparation was identified as isobutylene by the formation of its dibromide, b. p. 148—149°. 

The addition of aqueous sodium hydroxide to the brownish solid remaining in the flask 
liberated a mixture of aniline and ¢#ert.-butylaniline. After the usual treatment, the dried 
mixture of amines was carefully fractionated to remove some of the excess of aniline. The 
remainder of the aniline was removed by suspending the mixture in water, and then adding 
acetic anhydride to the well-stirred suspension till a definite odour of the anhydride persisted 
after 3or 4 mins. Excess of sodium carbonate solution was added after several hours, and the 
lert.-butylaniline removed from the mixture by steam distillation. The amine in the distillate 
was taken up in ether, and the ethereal solution dried and fractionated. Approximately pure 
lert.-butylaniline was collected at 203—206° (uncorr.). The yield from 80 g. of ¢ert.-buty] iodide 
and 81 g. of aniline was 22 g. with 5-5 g. of b. p. up to 203°. 

The separation of aniline was effected, in the preliminary experiments, by treatment of the 
mixture of amines with aqueous zinc chloride (Hickinbottom, J., 1930, 992), followed by extrac- 
tion of the resultant mass with light petroleum. Although it gave pure /ert.-butylaniline, this 
process was more laborious than that described above. 
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The main fraction of ¢ert.-butylaniline, whic’ gave only a faint test for a primary amine, 
yielded the pure secondary amine after two fractionations under reduced pressure. Alterna- 
tively, it was purified through its hydrochloride or picrate. It is a liquid with a faint straw-yellow 
tint, b. p. 92-5—93°/19-5 mm., 214—216°/753 mm. (corr.) (Nef gives b. p. 208—210° i.d.) (Found: 
C, 80-5; H, 10-2. Calc. forC,)H,;N : C, 80-5; H,10-1%). It has a distinct and not altogether 
agreeable odour resembling that of aniline and is miscible with most of the common organic 
solvents. The hydrochloride separates from the dilute aqueous acid as large four-sided tabular 
crystals; for analysis it was crystallised from ethyl acetate (Found: HCl, 19-6. C,)H,;N,HCl 
requires HCl, 19-65%). The hydvrobromide was obtained as massive tabular crystals with 
bevelled edges from aqueous-alcoholic hydrobromic acid (Found: HBr, 35-5. C,,H,;N,HBr 
requires HBr, 35-3%). The sulphate was precipitated as a white mass by addition of N-sul- 
phuric acid to the amine. It is sparingly soluble in alcohol. 

The addition of ¢ert.-butylaniline to a concentrated solution of picric acid in benzene produced 
a red coloration, which soon became lighter with the deposition of rosettes of golden-yellow 
platelets of the picrate, which separates from benzene containing a little alcohol, or from ethyl 
acetate-light petroleum (b. p. 40—60°) as small, golden-yellow, compact crystals, m. p. 191— 
192° (decomp.) (Found: C, 50-8; H, 5-0. C, ,H,;N,C,H,0,N, requires C, 50-8; H, 48%). 
It is fairly soluble in alcohol, ethyl acetate, and acetone, not readily in ether, and sparingly in 
light petroleum (b. p. 40—60°). 

Acetyl derivative. A mixture of éert.-butylaniline (1-74 g.) and acetic anhydride (10 g.) was 
kept at room temperature for 4 days, and the excess of anhydride then distilled off. The 
residue was treated with water, taken up in ether, and the solution washed several times with 
very dilute hydrochloric acid, then with sodium carbonate and finally water. After drying, the 
solvent was removed, leaving an oil which soon solidified (yield 1-7 g.). It was purified by dis- 
solving in light petroleum (b. p. 40—60°) at room temperature and then cooling to 0°. The acetyl 
derivative separated as coarse prisms, m. p. 55—56°, b. p. 124—125°/22 mm., readily soluble in 
light petroleum or alcohol (Found : C, 75-4; H, 8-8. C,.H,,ON requires C, 75-3; H, 9-0%). 

p-Toluenesulphonyl derivative. p-Toluenesulphonyl chloride (5-1 g., 1-25 mols.) and 3-26 g. 
(1 mol.) of the amine were mixed. There was no apparent reaction till pyridine (6 c.c.) was 
added. The mixture then became warm, assumed a red colour, and on cooling, commenced to 
deposit a fine crystalline precipitate. After 2 days at room temperature, it was poured into an 
excess of dilute acid, and the insoluble semi-solid mass thus obtained was taken up in ether. 
The ethereal solution was washed with dilute hydrochloric acid several times, then with sodium 
hydroxide solution, and the ether evaporated. The residue was heated for a short time with 
alcoholic sodium hydroxide to hydrolyse any unchanged sulphonyl chloride, the alcohol removed 
by distillation, and the purified p-ioluenesulphonyl derivative extracted with ether; yield 2-24 ¢g., 
m. p. 78—80°. It separates from alcohol as a white felted mass of needles, m. p. 82—83° 
(Found : C, 67-8, 67-4; H, 6-9, 7-1; N, 4:8. C,,H,,O,NS requires C, 67-3; H, 7-0; N, 4-6%). 

The m-nitrobenzenesulphonyl derivative was prepared in pyridine solution; it crystallises 
from glacial acetic acid as masses of radially-grouped, cream-coloured needles, m. p. 100—101° 
(Found : C, 57-9; H, 5-6; N, 8-5. C,,H,,0,N,S requires C, 57-45; H, 5-4; N, 84%). 

Phenyl-tert.-butylnitrosoamine, prepared by addition of the calculated amount of sodium 
nitrite to a solution of éert.-butylaniline hydrochloride in very dilute hydrochloric acid, separates 
from light petroleum (b. p. 40—60°) as tabular prisms, m. p. 61—62° (Found: C, 67-8, 67°6; 
H, 7-8, 7-9; N, 16-1. Cy9H,,ON, requires C, 67-4; H, 7-9; N, 15:7%). 

The following crystallographic measurements have kindly been supplied by Mr. E. G. Cox 
of this department: ‘‘ Phenyl-tert.-butylnitrosoamine crystallises from petroleum in large 
transparent crystals of a very slight greenish-yellow colour; density 1-15 g./c.c. They are 
monoclinic prismatic, exhibiting the forms c{001}, m{110}, n{120} and very infrequently, a{100}. 
The prism m predominates, although its faces are frequently very unequally developed; the 
crystals are usually somewhat elongated in the vertical direction. The elements are a:b = 
1-191; 8 = 93°27’. (The development of the crystals does not allow the ratio c:b to be 

calculated.) 

“The classification angles are: c(001) : a(100) = 86° 33’, a(100) : m(110) = 49° 57’. Froma 
Laue photograph the elements were found to be approximately a:b:¢ = 1-18: 1: 1-20; 
68 = 87-0°. Mean refractive index = 1-56 approx. Optic axial angle 2V = 31°. 

‘ The plane of the optic axes is b(010) ; the bisectrix lies in the acute angle and makes an angle 
of 46° with the c-axis. Dispersion p>v, strong; no appreciable dispersion of the bisectrices.” 

The nitrosoamine gave the Liebermann test, but the coloration was less intense than that 
usually observed with nitrosoamines from n- and sec.-alkylanilines. 
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Attempts to prepare -nitroso-fert.-butyldliiline by the action of solutions of hydrogen 
chloride in alcohol or acetic acid were unsuccessful, the hydrochloride of ¢ert.-butylaniline being 
the principal product. 

The nitrosoamine (1-03 g.} in 2-8 c.c. of dry ether was mixed with 5 c.c. of dry alcohol satur- 
ated with dry hydrogen chloride at 0°. Thesolution immediately assumed a cherry-red colour, 
and a small amount of crystalline material commenced to separate. A mild effervescence 
commenced about 2 or 3 mins. after mixing, but it gradually subsided. At the same time the 
colour of the solution gradually diminished in intensity till, after 2 hours, it was only a pale 
golden-yellow, and ultimately (over-night) yellow with a greenish tint. A large volume of ether 
was added to complete the precipitation of the hydrochloride, which was shown by analysis 
(Found: HCl, 19-5. Calc. : HCl, 19-65%) and by formation of the crystalline nitrosoamine to 
be pure éert.-butylaniline hydrochloride (yield 0-66 g.; 60%). Control experiments carried out 
under precisely the same conditions with phenylethylnitrosoamine and phenylisobutylnitroso- 
amine gave the corresponding p-nitroso-compounds in good yield. 

During the action of alcoholic hydrogen chloride on phenyl-éert.-butylnitrosoamine some of the 
alcohol was oxidised to acetaldehyde. To avoid side reactions of this type, experiments were 
made with acetic acid as a solvent instead of alcohol. A solution of phenyl-ert.-butylnitroso- 
amine (0-34 g.) in 1 c.c. of ether was mixed with acetic acid saturated with dry hydrogen chloride 
(2 c.c.). The solution became cherry-red in colour and small crystals commenced to separate. 
Over-night a dense crystalline deposit was formed and the supernatant liquid was still cherry- 
red. The crystals were collected, and washed with ether. They consisted for the most part of 
small white glistening prisms with some few of a pale orange colour (yield 0-29 g.; 87%). The 
material thus obtained was practically pure éert.-butylaniline hydrochloride (Found : HCl, 19-5. 
Calc. : 19-65%) and was identified by conversion into the corresponding nitrosoamine (m. p. 
and mixed m. p.). Phenylethylnitrosoamine, under similar conditions, gave p-nitroethylaniline 
hydrochloride (65% yield) (m. p. and mixed m. p. of free base). 

a8-Diphenyl-§-tert.-butylurea is formed by warming phenylcarbimide with éert.-butylaniline. 
It separates from light petroleum as slender needle-like crystals, m. p. 81° (Found: C, 76-1; 
H, 7-6. C,,H ON, requires C, 76-1; H, 7-5%). 

Reaction of tert.-Butylaniline with Methyl Iodide : Formation of Methyl-tert.-butylaniline.— 
A mixture of ¢ert.-butylaniline and a moderate excess of methyl iodide gradually sets to a solid 
gummy mass containing a quaternary ammonium iodide, and salts of secondary and tertiary 
amines. The following conditions were found to give a tertiary amine in fairly satisfactory 
yield. ert.-Butylaniline (3-8 g.) and methyl iodide (4-6 g.) were heated together under reflux at 
100°, and 30 c.c. of N-sodium carbonate added gradually. After 1} hrs., the aqueous layer was 
removed, the amine taken up in ether, and heated under reflux with a further quantity of sodium 
carbonate solution and 2 c.c. of methyl iodide. The ethereal layer was separated after 2 hours, 
washed with alkali, dried, and distilled. As it still contained a small amount of a secondary 
amine, it was heated on a steam-bath for } hour with phenylcarbimide, and then steam distilled 
after heating under reflux with water for a short time. The amine which passed over still con- 
tained some dimethylaniline. It was purified by conversion into a sparingly soluble picrate 
in ether, which separates from benzene or alcohol as small, bright, canary-yellow crystals, 
m. p. 162—163° (decomp.) (Found: C, 52-1; H, 5-2. C,,H,,N,CgsH,;0,N, requires C, 52-0; 
H, 51%). 

The amine liberated from the picrate by addition of aqueous ammonia distils at 81—82°/ 
39 mm. (yield 2-1 g.) and is a colourless oil having a faint but not disagreeable odour (Found : 
C, 80-9; H, 10-1. (C,,H,,N requires C, 80-9; H, 10-5%). Methyl-tert.-butylaniline is not 
appreciably affected by aqueous nitrous acid. A solution of the amine (0-14 g.) in 2 c.c. of 
3N-hydrochloric acid was treated with 1 c.c. of 10% sodium nitrite solution, but after } hour at 
room temperature, the mixture was worked up and afforded 0-295 g. of the picrate (m. p. and 
mixed m. p. 161—162°, decomp.) of the original base, corresponding to 83% recovered. 

tert.-A mylaniline.—This amine was obtained by a method substantially the same as that 
used for the preparation of éert.-butylaniline, except that the amylene formed in the reaction 
was recovered by diluting the product with water and subsequent distillation. From ¢ert.- 
amyl iodide (27 g.) and aniline (40 g.), 1-8 g. of amylene and 7-15 g. of tert.-amylaniline were 
obtained. This base is a refractive liquid with a faint yellow tint, miscible with the common 
organic solvents and insoluble in water; b. p. 227-5—229-5°/744 mm. (corr.) ; 112—114°/25 mm. 
(Found : C, 80-7; H, 10-3. C,,H,,N requires C, 80-9; H, 10-5%). The hydrochloride separates 
from ethyl acetate as white plates, usually six-sided (Found : HCl, 18-1. C,,H,,;N,HCl requires 
HCl, 18-3%). 
3R 
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Phenyl-tert.-amylnitrosoamine separates from light petroleum (b. p. 40—60°) as thin bufi- 
coloured plates, m. p. 47—48° (Found : C, 68-9; H, 8-4; N, 15-0. C,,H,,ON, requires C, 68-7; 
H, 8-4; N, 14-6%). It gives only a faint Liebermann test. Treatment of a solution of the 
nitrosoamine (0-46 g.) in ether (1-3 c.c.) with alcoholic hydrogen chloride saturated at 0° (2°3 c.c.) 
furnished a reddish-brown solution. On keeping for several days and subsequent evaporation 
of the solvent at room temperature, a crystalline residue was obtained. Treatment with ether 
freed it from most of the associated colouring matter and left a crystalline mass of éert.- 
amylaniline hydrochloride (0-19 g.) (Found : HCl, 18-1. Calc. : HCl, 18-3%). 

The p-toluenesulphonyl derivative separates from aqueous alcohol or dilute acetic acid in 
small, stout, white prisms, m. p. 73—74° (Found: C, 68-3; H, 7-0; N, 4:7. C,gH,30,NS 
requires C, 68-1; H, 7-3; N, 44%). 

tert.-Hexylaniline (8-Anilino-B-ethylbutane).—The tert.-hexy] iodide required for this prepar- 
ation was prepared by saturating methyldiethylcarbinol with hydrogen iodide. From 98 g. of 
carbinol, 189 g. of crude iodide were obtained, which yielded 157 g. of pure iodide, b. p. 47-5— 
48°/18mm. ‘The reaction with aniline was carried out in a manner similar to that employed for 
the preparation of éert.-amylaniline. In three preparations, a total of 152 g. of /ert.-hexyl 
iodide and 150 g. of aniline yielded 44-25 g. of hexene (yield 74%) and tert.-hexylaniline (23%). 
The hexene boiled steadily at 69—70°, except for the first few drops, and is obviously identical 
with «$-dimethyl-«-ethylethylene (b. p. 69-5—71°) described by Favorski (J. Russ. Phys. Chem. 
Soc., 1918, 50, 43), who obtained it by the action of alcoholic potash on y-bromo-y-methylpentane. 

tert.-Hexylaniline is a liquid with a straw-yellow tint and a not unpleasant floral odour, b. p. 
253—254°/759 mm. (corr.); 120—121°/17-5mm. (Found: C, 81-3; H, 10-5. C,,H  N requires 
C, 81-3; H, 108%). The hydrochloride, prepared by evaporating a solution of the amine in 
dilute hydrochloric acid in a vacuum desiccator over soda-lime, separates from dry ethyl acetate 
as pyramidal crystals, which are fairly soluble in benzene (Found: HCl, 17-0. C,H N,HCl 
requires HCl, 17-1%). The picrate separates from benzene-light petroleum (b. p. 40—60°) as 
a mass of small golden-yellow crystals, m. p. 133—135°. 

Phenyl-tert.-hexylnitrosoamine was obtained as an oil by adding the calculated amount of 
sodium nitrite solution to an aqueous solution of the foregoing hydrochloride. It was taken up 
in ether, the solution washed with water and sodium hydroxide, then steam distilled. The 
nitrosoamine was extracted from the distillate with ether, the ethereal solution dried (magnesium 
sulphate) and then evaporated under reduced pressure. Phenyl-iert.-hexylnitrosoamine was 
thus obtained as a pale yellow oil which solidified completely when, admixed with a little light 
petroleum, it was cooled in liquid air. The solid melted completely when warmed to 0°. For 
analysis, a sample of the steam-distilled nitrosoamine was kept in an evacuated desiccator over 
sulphuric acid for several days (Found: C, 70-0; H, 8-7. C,,H,,ON, requires C, 69-85; 
H, 88%). ; 

Attempts to obtain the p-toluenesulphonyl derivative, by reaction of the amine and the 
sulphony] chloride in pyridine at room temperature gave very little of the required compound. 
The following procedure gave more satisfactory results. ¢ert.-Hexylaniline (0-52 g.), p-toluene- 
sulphonyl chloride (0-95 g.), and pyridine (2-5 c.c.) were mixed and kept at room temperature 
for 18 hours, then heated in a water-bath for 2 hours and poured into water. The oil thus pre- 
cipitated was dissolved in ether and the ethereal solution washed successively with several 
quantities of dilute hydrochloric acid, sodium hydroxide, and water. After drying and evapor- 
ation of the solvent, moderately pure material was obtained (yield 0-3 g.); it crystallised from 
aqueous alcohol as needle-like prisms (Found : C, 68-6; H, 7-5; N, 4-5. C,,H,;O,NS requires 
C, 68-8; H, 7-6; N, 4-2%). 

The m-niirobenzenesulphonyl derivative of ¢ert.-hexylaniline, prepared in pyridine at room 
temperature, formed flattened prisms from alcohol, m. p. 85—86° (Found: C, 59-7; H, 6-1; 
N, 80. C,,H,,0O,N,S requires C, 59-6; H, 6-1; N, 7-7%). It is sparingly soluble in the cold 
and more easily in the warm solvent, and readily soluble in benzene, acetone, or ether. 

Methyl-ier/.-hexylaniline was prepared by heating éert.-hexylaniline (1-52 g.) with methyl 
iodide (2 c.c.) and N-sodium carbonate solution (10 c.c.), following the procedure used for the 
corresponding éert.-butyl compound. After the second treatment, the amine was taken up in 
ether, the extract dried, and treated with a slight excess of picric acid, the picrate being precipi- 
tated (yield 0-97 g.); it separates from alcohol as bright yellow thin prisms or four-sided plates, 
m. p. 127—128° (Found : C, 54:5; H, 5-7. C,3H,,;N,CgH,O,N, requires C, 54-3; H, 5-8%). 

The following attempt to obtain a p-nitroso-derivative was unsuccessful. The amine 
(0-11 g.) liberated from the purified picrate was dissolved in 3 c.c. of 3N-hydrochloric acid and 
1 c.c. of 10% sodium nitrite solution added. There was no development of colour, and after 





The Rotaiory Dispersion of Organic Compounds. Part. XXII 951 


standing for 2 hours at room temperature the solution had become slightly turbid. It was then 
made alkaline with ammonia and shaken with 3 successive portions of ether. Addition of 
picric acid to the dried ethereal solution precipitated the picrate of the unchanged base, m. p. 
and mixed m. p. 126—127°; yield 0-17 g. (70%). 


UNIVERSITY OF BIRMINGHAM. [Received, May 24th, 1933.] . 
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Borotartrates and Boromalates. 


By BryNMoR JONES. 


THE isolation of potassium borotartrate by Lowry (J., 1929, 2853) has not only revived 
interest in the study of borotartrates but has also confirmed the early view of Biot that 
the remarkable variations in the character of the rotatory dispersion observed on adding 
boric acid to aqueous solutions of tartaric acid are due to chemical changes. A further 
study of such complexes appeared desirable in order to establish their structure, and at 
the same time to throw new light on the origin of the optical anomalies of tartaric and 
malic acids: some new boro-complexes have therefore been isolated and examined. 


TABLE I, 
Rotatory Dispersion of Ammonium Borotartrate in Water at 20°. 


p = 11°74, d%” = 1-0530, a/asyg, = 0°2666/(A* — 0°0316). 


a/G5461- a/a5461- 





LT IN, 

1000 1000 

A. a (l=2). Obs. Calc. (O-C). [a]. A. a (=2). Obs. Calc. (O-C). [a]. 
Li 6708 + 9°66° 0°638 0°637 +1 +39°07° Li 4602 22°36° 1:476 1479 —3 90°42° 
Li 6104 11°85 0°782 0-782 ate 47°93 Hg 4358 25°50 1°683 1683 + 103°10 
Na 5893 12°76 0°842 0843 —1 51°62 a (=1). 
Cu 5782 13°30 0°878 0-881 —3 53°79 Hg 5461 7°21 —- = — 61°19 
Hg 5780 13°35 0-881 0°88l oh 53°99 Fe 4272 12°75 1°768 1°:767 +1 = 1082 
Cu 5700 13°77 0-909 0-909 ote 55°69 Fe 4202 13°25 1°838 1°839 —1 112°4 
Hg 5461 15°15 1:000 1:000 + 61°37 Fe 4144 13°75 1:907 1:903 +4 1166 
Cu 5218 16°73 1:105 1:107 —2 67°66 Fe 3970 15°25 2-115 2:116 —1 129°4 
Cu 5153 17°30 =1:142 1:140 +42 69°95 Fe 3826 16°75 2°323 2°323 + 142-1 
Cu 5105 17°63 1:163 1:164 —1 71°28 Fe 3700 1826 2°533 2°533 + 151°4 
Zn 4811 20°28 1:°339 1334 +85 82°01 Fe 3590 19°76 2°740 2°740 + 167°7 


In Table I * are set out the values of the rotatory power of ammonium borolartrate 
measured for 20 different wave-lengths, ranging from 4 = 6708 to 3590. The results 
clearly show that a condition of simple dispersion is realised when tartaric acid is wholly 
converted into borotartaric acid in the more stable form of a salt, and in the light of this 
result there can be little doubt of the correctness of Lowry’s view that the complex character 
of the dispersion of solutions of tartaric and boric acids examined by Lowry and Austin 
(Phil. Trans., 1922, 222, 249) and later by Descamps (Compt. rend., 1927, 184, 453) and 
Burgess and Hunter (J., 1929, 2838) is due to uncombined tartaric acid. 

On the other hand, discrepancies arose either when free boric acid was added to the 
borotartrate or when fofassium ethyl borotartrate was examined. Thus the addition of 
free boric acid to an aqueous solution of the borotartrate increased both the specific rotation 
and the dispersion ratio, and a close examination revealed a mutarotation; in view of 
this, lack of agreement with a one-term Drude equation is not surprising. The underlying 
cause of this mutarotation remains unknown, but it is reasonable to suppose that further 
combination takes place with the formation of a compound having a higher rotatory power 
than the original borotartrate. 

Solutions of potassium ethyl borotartrate in methyl alcohol exhibited mutarotation 
even in the absence of free boric acid. Drastic purification of the alcohol failed to arrest 


* The constants of this equation are the same as for potassium borotartrate (Lowry, /oc. cit.). 
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this change, while the substitution of a silica polarimeter tube for the ordinary glass tube 
was without effect. Since the dispersion is complicated by this mutarotation, an exact 
agreement between the observed and calculated dispersion ratios is hardly to be expected. 
Nevertheless, the values given in Tables II and III show that, with only small and quite 
irregular deviations, the dispersion in the visible region can be represented satisfactorily 
by a one-term equation. In the circumstances, it was useless to extend the measurements 
to the photographic region. The study of other similar borotartrates was impracticable 
owing to their low solubilities in the ordinary organic solvents and their instability in 
aqueous solution. 

Potassium boromalate was readily obtained as a white crystalline solid from a warm 
solution of malic and boric acids in aqueous potassium hydroxide, and in order to character- 
ise it a crystallographic study was made. The dispersion ratio for this compound is so 
low as to suggest that the dispersion is not simple in regions beyond the visible, but the 
complexity which is thus probably present may well be due to dissociation. 

Although borotartrates of different composition have been known for a century (cf. 
Lowry, Joc. cit.), there is no evidence that any of them, with the exception of Lowry’s 
potassium borotartrate, are definite chemical compounds. Complex formation has often 
been assumed on insufficient evidence, whilst many of the so-called compounds isolated 
have been obtained by evaporating to dryness a solution containing the two acids in the 
proper proportions. Nevertheless, there appears to have been fairly general agreement 
that the change in the character of the dispersion of tartaric acid produced by the addition 
of boric acid is to be attributed to some kind of combination, and Lowry and Austin tenta- 
tively suggested in 1922 that the alcoholic hydroxyl groups might be linked together by 
the >B-OH group, adding that “‘it is possible that the simple character of its rotatory 
dispersion may be due to the bridge between the asymmetric carbon atoms.” It is there- 
fore of interest that, whereas the rotatory dispersion of tartaric acid and its esters is markedly 
altered by addition of boric acid, the dispersion of methylenetartaric acid, in which the 
hydroxyl groups are no longer free, is unchanged. Comparing the values in Table V 
with those observed by Austin and Carpenter (J., 1924, 125, 1939) for methylenetartaric 
acid alone, it is seen that, not only is the dispersion ratio the same, but the rotatory power 
is almost identical. 

The work of Béeseken and his collaborators (Proc. K. Akad. Wetensch. Amsterdam, 
1924, 27, 174; Rec. trav. chim., 1930, 49, 711) on «-hydroxy-acids has shown, however, 
that a carboxyl group in close proximity to a hydroxyl group can take part in complex 
formation, and in accordance with this view potassium borotartrate has been represented 
by the formula (I). The isolation of a borotartrate from malic acid with its single hydroxyl 

CH(OH)-CO,H CH,°CO,H 

>O-O O-CH |, CO-O O-CH |,- ~CO,R:CH-O O- spon , 
oo Boo | euo> B<Of0 |K \conene™ gt I . 

CH(OH)-CO,H CH,°CO,H 

(LL) (II.) (III.) 

group lends support to this formulation, whilst the isolation from ethyl tartrate of a com- 
plex of opposite rotation and very different dispersive power from that obtained from 
tartaric acid indicates that the structure of these two complexes is dissimilar. Indeed, 
in view of the evidence (Part XXI; this vol., p. 788) that the formation from a d-tartrate 
of a five-membered ring involving the two alcoholic hydroxyl groups is always accom- 
panied by the production of levorotation, it appears reasonable to formulate potassium 
boromalate and the potassium alkyl borotartrates as (II) and (III) respectively. This 
formulation of the complex, potassium borotartrate, receives support from Béeseken’s 
study of the composition and acidity of glycolboric acids. By three methods not involving 
their separation from solution, these acid complexes are shown to have the composition 
HBD,, where D represents a diol residue (Béeseken, Joc. cit.), and Béeseken concludes 
that the structure and mode of ionisation of these complexes are best represented by the 
general formula (IV). The structures suggested for these borotartrates, however, are not 
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in complete agreement with the compositions indicated by analysis. When reporting 
the isolation of potassium borotartrate, Lowry pointed out that the results of analysis 


CH(OH)-CO,H 
. :C-O O-C. | py. CO-O O-CH 
(Iv. BE B | | |k, HO. 
»  LG07 BS: HOT BSo.co ames 
CH(OH)-CO,H 
agreed only approximately with the structure proposed, while Bancroft and Davis (J. 
Physical Chem., 1930, 34, 2479) found, from titrations with mannitol, that the equivalent 


weight of this complex was 91 as against 88-5 reported by Lowry, and hence concluded 
that the complex is formed from its components by the loss of two molecules of water 


TABLE II. 


Rotatory Dispersion of Potassium Ethyl Borotarirate in Methyl Alcohol at 20°. (Glass 
polarimeter tube.) 
p = 32°38, d2” = 0-9220, a/asyg, = 0°2205/(A? — 0°07782). 


a/O5461- a/as61- 








1060 

A. a (lI=2). Obs. Calc. (O-C). [a]. A. a (J=2). Calc. 
Li 6708 —8:49° 0°593 0°593 + —14:23° Hg 5461 14°31° 1000 
Zn 6363 971 0673 0674 —1 16°26 Cu 5218 16°20 1134 
Li 6104 10°68 0:746 0O°749 —2 17°89 Cu 5153 16°75 1174 
Na 5893 11°74 0°820 O°818 +2 19°67 Cu 5105 = 17°22 1:206 
Cu 5782 12°24 0°856 0°859 —3 20°50 Zn 4811 20°60 1°436 
Hg 5780 12°28 0°858 0-860 —2 20°57 Zn 4722 21°81 1°519 
Cu 5700 12°79 0°894 0892 +2 21:43 Hg 4358 28-11 1965 


TABLE III. 


Rotatory Dispersion of Potassium Ethyl Borotartrate in Methyl Alcohol at 20°. (Silica 
polarimeter tube.) 
p = 33°13, d2” = 0-9238, a/as4g; = 0°2205/(A? — 0-07782). 
a/a5461- a/a5461- 

1000 1000 

A. a (l=2). Obs. Cale. (O-C). [a]. A. a (/=2). Cale. (O-C). [al]. 
Li 6708 —8°94° 0°593 0:°593 ob 14°61° 5218 17°11° 1135 -|- 27°95° 
Cd 6439 988 0655 0656 — 16°13 5153 «17°74 1176 +1 28:98 
Zn 6363 10°19 0-676 0°676 + 16°64 4811 21°69 1°438 +1 35°44 
Li 6104 11°29 0°749 0°749 -}- 18°44 fn 4722 22°93 1°521 4- 37°47 
Na 5893 12°34 O°818 0-819 —1 20°15 4678 23°64 1°566 +2 38°62 
Hg 5780 12°98 O°861 0°862 —!l 21:22 Li 4602 24°82 1°648 —l 40°56 
Cu 5700 13°47 0O°893 0°893 -- 22°00 Hg 4358 29°71 1:970 al. 48°54 
Hg 5461 15°08 1000 =1:000 aa 24°63 


TABLE IV. 


Rotatory Dispersion of Potassium Boromalate in Water at 20°. 
p = 27:29, d®” = 1/1390, a/asyg1 = 0°2897/(A* — 0008542). 








a/5461- a/A5s61- 


1000 1000 

A. Obs. Calc. (O-C). [a]. A a (t= 4). Cale. (O-C). 
Li 6708 0655 0656 —1 —4-246° Cu 5218 8°85° 1098 = + 
Cd 6439 0-712 0-714 —2 4616 Cu 5105 9°26 1149 
Zn 6363 0°732 0-731 +1 4-745 Cd 5086 9°33 1158 
Li 6104 ‘42 0796 0796 + 5163 Zn 4811 10-48 1130 | 
Na 5893 0354 0855 —1 5533 Zn 4722 10°87 1351 —2 
Hg 5780 0390 0390 -- 5-766 Li 4602 11:48 1425 —1 
Ag 5466 0-999 0998 —1 6474 Hg 4358 12°87 1597 + 
Hg 5461 1000 1:000 + 6-481 
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TABLE V. 


Rotatory Dispersion of Methylenetartaric Acid in an Aqueous Boric Acid Solution at 20°. 
Molecular proportions, C,H,O,: H,;BO, = 1: 1. 
p = 4237, d%* = 1-0195, a/asyg, = 0°2547/(X® — 0-04356). 
a/a5461- 
ee om 
1000 
A. a (J=2). . Cale. (O-C). [a]. A. a (I=2). Obs. Cale. (O-C). [a]. 

Zn 6363 —566° 0O- 0706 +1 —65°56° Cu 5218 889° 1110 1114 —4 103:0° 
Li 6104 6°20 j O°'774 = + 71°82 Cu 5153 919 1147 1147) + 106°5 
Hg 5780 7°02 ‘ O877 = + 81°30 Zn 4811 10°87 1°357 1356 +41 125°9 
Cu 5700 7°23 , 0903 + 83°73 Hg 4358 13°93 1°740 1740) + 161°7 
Hg 5461 s0l 1 1000 + 92°76 


and not three, as an equivalent of 88-5 would indicate. Previous to the appearance of 
this correction, this discrepancy had been investigated in the course of the present work, 
and from the ultimate analyses and other quantitative estimations it was concluded that 
each complex contains a molecule of water. It is difficult to represent such complexes 
by any but co-ordination formule, and it would seem that (V) and (III, with 1H,O) are 
at present the least open to criticism. 

In view of the definite proof given of the simple character of the dispersion, this co- 
ordination formula for potassium borotartrate is of particular interest since it appears 
that the rotation about the single bond joining the two asymmetric carbon atoms which 
should be still possible is in some way inhibited. It is conceivable that this is due to the 
mutual influence of the negatively charged boron atom and the polar carboxyl group. 


EXPERIMENTAL. 


Ammonium Borotartraie—A mixture of tartaric acid (128 g.), ammonium tartrate (53 g.), 
and boric acid (37 g.) was dissolved by boiling in water (80 c.c.). On cooling, a white solid 
separated, which caked in a few hours. This was recrystallised four times from distilled 
water. 

Solutions in water were strongly dextrorotatory, and the specific rotations of an aqueous 
solution (p = 11-74) were practically identical with those of a potassium borotartrate solution 
(p = 33-54) (cf. Lowry, loc. cit.). Addition of free boric acid to an aqueous solution increased 
both the specific rotation and the dispersion ratio. Thus a solution of approximately the 
same concentration as that in Table I but containing 1 mol. of free boric acid showed an increase 
of 14% in o54,, and a rise from 1-683 to 1-706 in the dispersion ratio. 

Analysis points to the presence of one molecule of water (Found: C, 27-0, 27-24; H, 4-21, 
4-23; M, by electrometric titration, 340, 344, 345. C,H,,0,,NB requires C, 29-56; H, 
3:72%; M, 325. C,H,,0,.NB,H,O requires C, 28-0; H, 4:11%; M, 343). 

Potassium Ethyl Borotartrate-——To a solution of potassium hydrogen carbonate (10 g.) and 
boric acid (6-2 g.) in 15 c.c. of water, ethyl tartrate (42 g.) was added slowly and with good 
stirring. Carbon dioxide was liberated, and after the addition of all the ester 47 g. of a white 
crystalline solid separated. The specimens used for dispersion measurements were recrystallised 
four times from 80% ethyl alcohol. The salt (Found : C, 40-27; H, 5°54; K, 818. 
CygH,O,,BK requires C, 41-92; H, 5-28; K, 8-53. C,gHO,,BK,H,O requires C, 40-34; 
H, 5-46; K, 8-21%) is only sparingly soluble in water, the solutions being dextrorotatory. 

Determinations of the rotatory dispersion of solutions in methyl alcohol were complicated 
by a mutarotation—a small increase in rotatory power occurring (see p. 951). In order to limit 
this change, all the measurements were carried out without a break while the values of «546; 
and 43;, were determined at intervals during the course of the measurements. The values 
of « recorded for the other wave-lengths, however, are corrected as far as possible to the values 
before mutarotation by multiplying by the ratio of «;,,, at the beginning of the measurements 
and at the time when the actual reading of the second wave-length was taken. Since the 
specimens had been recrystallised from 80% alcohol, a solvent in which it was later found that 
mutarotation occurred, attempts were made to find a more suitable solvent, but these were 
unsuccessful. The effect on the specific rotations of further crystallisations is indicated by 
the fact that «5;,,, after four and six crystallisations from 80% alcohol were — 23-9° and 
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— 24-6° respectively. Thus, although the specific rotations observed are probably a little high, 
the measurements recorded in Tables II and III show that in the visible region the dispersion 
can be satisfactorily represented by a one-term Drude equation. 

Potassium Methyl Borotartrate-——This was prepared by a similar method to the ethyl com- 
pound. Measurements of the rotatory power could not be made owing to its low solubility 
in the organic solvents tried, and its instability in aqueous solution (Found: C, 34-23; H, 
4:02. Calc. for KBC,,H,,0,,: C, 35-83, H, 4-01. Calc. for KBC,,.H,,0,.,H,O: C, 34-30; 
H, 4:28%). 

Potassium Boromalate.—A mixture of malic acid (13-4 g.) and boric acid (3-1 g.) was added 
to a solution of potassium hydroxide (2-8 g.) in 8 c.c. of water. On cooling, a thick syrup was 
formed which solidified (8 g.) on standing. On addition of a further quantity of the two acids 
and the alkali to the mother-liquor, a better yield was obtained, 27 g. of malic acid giving 21 g. of 
the boromalate (Found: C, 29-00, 29-06; H, 3-09, 3-02; K, 11:82. KBCgH,Oj9 requires C, 
30-58; H, 2-57; K, 12-44. KBC,H,Oj49,H,O requires C, 28-92; H, 3-04; K, 11-78%). Attempts 
to prepare a solid piperidine borotartrate failed. 

Crystallography. 1am indebted to Dr. W. A. Wooster for the following data. 

The substance crystallises in the monoclinic system, axial angle 8 = 82° 20’ and axial 
ratios a: b:c = 0-828 + 0-003: 1: ?. The habit was a simple combination of the forms 
(001) and (110), being tabular with (001) large. 

The angles measured were: 110: 110 = 78° 46’ + 15’, 110: 001 = 84° 5’ + 15’. 

As the reflexions from the faces were poor and some doubt remained as to whether the 
substance was actually monoclinic a Laue photograph was taken with the X-ray beam perpen- 
dicular to (001). The well-marked plane of symmetry enables the crystal to be placed with 
certainty in the monoclinic system. They had d 1-69, and the following observations were 
made on the optical properties : 

The extinctions on the face (001) are parallel to 010 and 100, and on the face (110) parallel 
to 001. 

The optic axial plane is parallel to (010), the acute bisectrix being inclined at an angle of « 
8° 38’ + 7’ to the normal to (001), and the optic axial angle 2V = 87° 32° + 9’. No disper- 
sions could be observed. The mean refractive index was 1-51 + 0-05. The principal refrac- 
tive indices (+ 0-05) are « = 1-482, B = 1:51, y = 1-536. The double refractions (+ 0-0008) 
are 8 — y = 0-0280, y — 8 = 0-0256, and the sign of the double refraction is negative. 


The author thanks Professor T. M. Lowry, F.R.S., for advice and helpful criticism. The 
work has been done during the tenure of a Fellowship of the University of Wales, and part 
of the cost has been defrayed by a grant from the Chemical Society Research Fund. 
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224. Addition Reactions of the Indole Nucleus. 


By S. G. P. PLANT and (Miss) M. L. ToMLINson. 


EARLIER investigations (Perkin and Plant, J., 1923, 123, 676, 3242; Plant, J., 1929, 
2493; Plant and Tomlinson, J., 1931, 3324; this vol., p. 298) have shown that the indole 
nucleus contained in derivatives of tetrahydrocarbazole (I; 1 = 2) and dihydropentindole 
(I; ~ = 1) is capable of undergoing several interesting addition reactions. By the action 
of nitric acid, OH and NO,, or in some cases 20H, can be attached to the double linkage 
shown in (I), while bromine and chlorine readily combine additively at the same point to 
give substances which easily undergo various secondary transformations. It has been 
demonstrated, however, that the tendency to form these addition compounds is enormously 
diminished when the indole nucleus is contained in more complex polycyclic systems 
containing four rings fused together (Oakeshott and Plant, J., 1928, 1840; Bryant and 
Plant, J., 1931, 93; Plant and Tomlinson, J., 1932, 2192), and the present work was 
undertaken in order to discover how far the processes can be realised in the simple indoles. 
To avoid complications caused by substitution in the 3-position, 2 : 3-dimethylindole 
(II) and its 1-acetyl- and 1-benzoyl-derivatives were selected for the purpose. 

Nothing crystalline was obtained during attempts to nitrate 2 : 3-dimethylindole in 
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acetic acid, but in concentrated sulphuric acid 5-nitro-2 : 3-dimethylindole was formed. 
The constitution of the latter was established by its synthesis from the #-nitrophenyl- 


CH, 
Me (NO,)Me 
OK OW gs Aton 
NH CH, NR 
(I.) By (III.) 


hydrazone of methyl ethyl ketone by the Fischer reaction. The only substance isolated 
from the interaction of nitric acid and 1-acetyl-2 : 3-dimethylindole in acetic acid was a 
simple substitution product. This compound was hydrolysed to the corresponding 4(or 
6)-nitro-2 : 3-dimethylindole, which was also obtained by application of Fischer’s reaction 
to the m-nitrophenylhydrazone of methyl ethyl ketone, although the latter process could 
yield three other isomeric products. 

The nitration of 1-benzoyl-2 : 3-dimethylindole, however, was found readily to result 
in the formation of an addition compound (III; R = Bz) analogous to those obtained in 
the tetrahydrocarbazole and dihydropentindole series; on treatment with aqueous alkali 
this yielded (III; R =H). 

Bromination of tetrahydrocarbazole in acetic acid and subsequent treatment with an 
excess of aqueous ammonia leads to a hydroxy-compound (IV), which, from the fact 
that it can be diazotised, must react as (V) in acid solution (this vol., p. 298). Similar 
treatment of 2 : 3-dimethylindole yields a oe C,9H,,ON, undoubtedly formed by 


ON, —_, noe ) CBr'Me 

RH HA ‘s i's \ /ABrMe 
NH H, NR 
(IV.) (VI.) 


the primary addition of bromine, the loss “ a molecule of hydrogen bromide from the 
resulting 2 : 3-dibromide (VI; R =H), and the ultimate replacement of the remaining 
bromine by hydroxyl. In view of the basic nature of (VI; R =H) the bromine in the 
3-position will be the more readily eliminated, and the hydroxy-compound would be 
expected to possess the structure (VII), analogous to (IV). Unlike (IV), however, this 
substance is insoluble in aqueous acids and cannot be diazotised; it is extremely probable, 
therefore, that it is 3-hydroxymethyl-2-methylindole (VIII), the hydroxyl group in (VII) 
having migrated with the restoration of the indole nucleus. The bromination of 1-acetyl- 


C:CH, —CH,OH C(OH)Me 
\_ /£(OH)Me \é !Me™ C:CH, 
NH 


NAc 
(VII.) oll (IX.) 


2 : 3-dimethylindole by a similar procedure also gave a monohydroxy-compound, but this 
yielded, on hydrolysis, a substance isomeric with (VIII). These results are readily ex- 
plained by the fact that the primary dibromide (VI; R = Ac) is not in this case basic, 
so that the bromine in the 2-position is eliminated, while the replacement of the second 
bromine by hydroxyl leads to the compound (IX). It is extremely probable, however, 
that the substance actually isolated is 1-acetyl-2-hydroxymethyl-3-methylindole (X), formed 
by the ultimate migration of the hydroxyl group as before. The course of this reaction 
recalls the bromination of 9-benzoyl- and 9-cinnamoyl-tetrahydrocarbazole (J., 1931, 
3324). When l-acetyl-2 : 3-dimethylindole was treated with bromine in a very small 
amount of acetic acid, a compound, C,,H,,ONBr, separated. It is evident that this is 
represented by one of the formule (XI) and (XII) and is an intermediate product, derived 
as mentioned above, in the formation of (X). This view was confirmed by the facile 
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conversion of the compound into (X) on replacement of its bromine by hydroxyl. Attempts 
to obtain crystalline products from the bromination of 1-benzoyl-2 : 3-dimethylindole 


jMe > ——GBr'Me Me 
SO oes nme \_ ACH, CH,Br 
NAc NAc NAc 
(X.) (XI) (XII.) 


have been unsuccessful, but the results described above are sufficient to demonstrate 
the ability of the simple indole nucleus to exhibit the addition reactions observed in the 
more complex derivatives. 

The reaction between nitric acid and certain 1l-acyl-2 : 3-diphenylindoles has previously 
been shown to be too complex for the purpose of examining the addition reactions of the 
simple indole nucleus (Fennell and Plant, J., 1932, 2872). The interesting observation 
has now been made that the bromination of l-acetyl-, 1-benzoyl-, l-carbethoxy-, and 
l-cinnamoyl-2 : 3-diphenylindole leads in every case to a simple bromo-derivative in good 
yield. The position of the bromine was established by applying Fischer’s reaction to the 
m-bromophenylhydrazone of phenyl benzyl ketone, two isomeric bromo-compounds being 
obtained. In accordance with the procedure adopted in analogous cases, these have 
been named 4(or 6)-bromo- and 6(or 4)-bromo-2 : 3-diphenylindole, and the former, on 
acylation, has been converted into a series of compounds which proved to be identical 
with the substitution products mentioned above. It is therefore obvious that the bromine 
in these products has entered a position which is meta with respect to the >>N-acyl group. 
The bromination of 2 : 3-diphenylindole itself yielded a product which, although it was 
not crystallised, consisted essentially of 4(or 6)-bromo-2 : 3-diphenylindole, since it was 
converted by the action of ethyl chloroformate and alkali into the 1-carbethoxy-derivative . 
of the latter. The interesting fact emerges that, while the bromination of 2 : 3-dimethyl- 
indole and its acetyl derivative has yielded exclusively substances which have resulted 
from the primary addition of bromine at the 2 : 3-position, no evidence of the formation 
of analogous addition products has been obtained in the case of the corresponding 2 : 3-di- 
phenyl compounds. This enormous reduction in the reactivity of the double linkage in 
2 : 3-diphenylindole could be explained by the steric effect of the phenyl radicals, but it 
is very much more probable that it is due to conjugation of the double linkage with the 
two phenyl groups. 

In view of the above results an obvious interest attaches to the reactions of 2-phenyl- 
3-methylindole. Bromination of this substance in acetic acid leads to the immediate separ- 
ation of a primary product which soon goes into solution, from which 4(or 6)-bromo-2- 
phenyl-3-methylindole ultimately separates. The intermediate substance liberated iodine 
from aqueous potassium iodide and was evidently a loose addition compound of the type 
frequently met in the bromination of, for example, certain carbonyl compounds; its 
behaviour was incompatible with its formulation as a dibromide analogous to (VI). The 
constitution of the bromo-derivative was established by its synthesis from the m-bromo- 
phenylhydrazone of propiophenone; of the two products theoretically possible in the 
latter process only one, named the 4(or 6)-bromo-compound, has been isolated. The 
failure of attempts to acylate 2-phenyl-3-methylindole has prevented a further extension 
of this investigation, but it is already obvious that the reactivity of the double linkage in 
the 2 : 3-position is again diminished. 


EXPERIMENTAL. 


Nitration of 2: 3-Dimethylindole-—When pulverised potassium nitrate (1-21 g.) was added 
gradually to a solution of this compound (2 g.) in concentrated sulphuric acid (14 c.c.), the 
temperature being kept below — 3°, and the whole then poured on ice, 5-nitro-2 : 3-dimethyl- 
indole, orange prisms, m. p. 188°, from alcohol, was precipitated (Found : N, 14:9. Cy gH jO2.Ne 
requires N, 14-:7%). 

_ The p-nitrophenylhydrazone of methyl ethyl ketone was refluxed for 8 hours with acetic 
acid—concentrated hydrochloric acid (equal volumes), the whole was poured into water, and 
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the precipitate extracted with boiling petroleum (b. p. 100—120°). The solid which separated 
from the latter on cooling was recrystallised from alcohol, and, on standing, 5-nitro-2 : 3- 
dimethylindole, orange prisms, m. p. 188—189°, identical (mixed m. p.) with the above pro- 
duct, was obtained. This nitro-compound, on rapid crystallisation from alcohol, can be obtained 
in yellow needles which gradually change to orange prisms. 

Nitration of 1-Acetyl-2 : 3-dimethylindole—When a solution of 2: 3-dimethylindole in 
acetic anhydride containing a trace of d-camphorsulphonic acid was refluxed for 7 hours 
and then distilled under reduced pressure, 1-acetyl-2 : 3-dimethylindole, colourless needles, 
m. p. 74°, from alcohol, was collected at 185—210°/13 mm. (Found: N, 7-9. C,,H,;ON 
requires N, 7-5%). After a solution of the latter (4 g.) in a little acetic acid had been treated 
gradually with nitric acid (1-8 g., d 1-4) and left for several hours, 4(or 6)-mitvo-1-acetyl-2 : 3- 
dimethylindole, pale yellow needles, m. p. 170°, from alcohol, separated (Found: C, 62-4; H, 
5-1. Cy.H,,0O,;N, requires C, 62-1; H, 52%). 4(or 6)-Nitro-2: 3-dimethylindole, orange 
prisms, m. p. 142°, from alcohol, was obtained when a solution of the latter in aqueous-alcoholic 
potash was refluxed for $ hour and then diluted with water (Found: N, 14-9%). 

The m-nitrophenylhydrazone of methyl ethyl ketone (prepared by heating a mixture of 
equivalent quantities of the hydrazine and ketone on the steam-bath), red needles, m. p. 98°, 
from alcohol, was refluxed for 5 hours with concentrated hydrochloric acid—acetic acid (equal 
volumes), and the whole was then poured into water. When the solid which separated was 
crystallised from petroleum (b. p. 100—120°), a mixture of products was obtained. This was 
recrystallised from benzene, and the substance remaining in the mother-liquor was then further 
recrystallised from petroleum and aqueous alcohol; 4(or 6)-nitro-2 : 3-dimethylindole, orange 
prisms, m. p. 142°, identical (mixed m. p.) with the product described above, was isolated. 

Nitration of 1-Benzoyl-2 : 3-dimethylindole-—A solution of magnesium (2-5 g.) in dry ether 
containing methyl iodide (15 g.) was treated gradually with 2: 3-dimethylindole (10 g.), and, 
after the addition of benzoyl chloride (10 g.) with shaking and standing, the whole was diluted 
with ice and dilute hydrochloric acid. When the ethereal layer had been dried (calcium chloride) 
and evaporated, the residue, on distillation, yielded 1-benzoyl-2 : 3-dimethylindole, yellow prisms, 
m. p. 98°, from alcohol, at 280—310°/11 mm. (Found: N, 5-8. C,,H,,ON requires N, 5-6%). 

3-Nitro-2-hydroxy-1-benzoyl-2 : 3-dimethyl-2 : 3-dihydroindole, colourless prisms, m. p. 125° 
(decomp.), from petroleum (b. p. 100—120°), gradually separated when nitric acid (1-36 g., 
d 1-4) was added to the benzoyl compound (4 g.) in acetic acid (Found: C, 65-6; H, 5:3. 
C,7H,,0,N, requires C, 65-4; H, 5-1%). This product was found to dissolve in cold potassium 
hydroxide solution (15%); the solution was acidified with acetic acid after 2 mins., and ether 
then extracted 3-nitro-2-hydroxy-2 : 3-dimethyl-2 : 3-dihydroindole, colourless prisms, m. p. 103°, 
from benzene—petroleum (Found: C, 57-6; H, 5:8. C4 9H,,0,N, requires C, 57-7; H, 5°8%). 
The latter dissolved in sodium hydroxide, but was insoluble in dilute hydrochloric acid and 
could not be diazotised. 

Bromination of 2 : 3-Dimethylindole-—This compound, in small quantities, was treated in 
acetic acid with an equimolecular amount of bromine, and the whole was immediately diluted 
with water. After the addition of ice, the mixture was made alkaline with ammonia, and 
the product extracted with ether. The ethereal solution was dried (sodium sulphate) and 
evaporated, and, after the residue had been purified by crystallisation from benzene, benzene- 
petroleum, and aqueous-alcoholic potash, 3-hydvoxymethyl-2-methylindole, colourless plates, 
m. p. 225°, from aqueous alcohol, was obtained (Found : C, 74:5; H, 6°8. C,9H,,ON requires 
C, 74:5; H, 68%). It was unchanged by boiling aqueous-alcoholic potash and was insoluble 
in dilute hydrochloric acid. A product, m. p. 196°, described by Sanna (Gazzetta, 1931, 61, 68) 
may be a less pure form of this substance, which is particularly difficult to purify. 

Bromination of 1-Acetyl-2 : 3-dimethylindole——When the acetyl compound was brominated 
by a procedure similar to that used for 2: 3-dimethylindole, a sticky product separated from 
the alkaline solution. On crystallisation from petroleum (b. p. 40—60°), this yielded 1-acetyl- 
2-hydroxymethyl-3-methylindole in colourless needles, m. p. 90—91° (Found: C, 70-7; H, 6-4. 
C,,H,;0,N requires C, 70-9; H, 6-49%%). When the latter was refluxed with aqueous-alcoholic 
potash for 4 hour, 2-hydroxymethyl-3-methylindole, colourless needles, m. p. 122°, from benzene, 
was obtained; it separated slowly on dilution with water and the subsequent addition of 
acetic acid till just acid (Found: C, 74:3; H, 7-0%). : 

When 1-acetyl-2 : 3-dimethylindole was treated with an equimolecular amount of bromine 
in the minimum quantity of acetic acid, the solution developed a deep purple colour, but, on 
rubbing, 1-acetyl-2-bromomethyl-3-methylindole, colourless prisms, m. p. 92—94°, from petroleum 
(b. p. 60—80°), separated (Found: C, 53-3; H, 4-6; Br, 29-2. C,,H,,ONBr requires C, 54:1; 
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H, 4:5; Br, 30-1%). Nothing crystalline could be isolated from the product obtained by 
boiling this substance with aqueous-alcoholic or dilute aqueous potassium hydroxide, but 
when its solution in ether was shaken with water and an excess of freshly precipitated silver 
oxide, and then evaporated, 1-acetyl-2-hydroxymethyl-3-methylindole, identical (mixed m. p.) 
with the substance described above, remained ; it was purified by crystallisation from petroleum 
(b. p. 60—80°). The same transformation was effected by dissolving the bromo-compound 
in acetic acid, diluting with water, and making alkaline with ammonia. 

Bromination of 2: 3-Diphenylindole.—The 2 : 3-diphenylindole and its various l-acyl deriv- 
atives used in these experiments were prepared by the methods of Fennell and Plant (loc. cit.). 
2: 3-Diphenylindole in acetic acid was treated with an equimolecular amount of bromine and 
the solvent was removed by evaporation under reduced pressure. The residue, which could 
not be crystallised, was shaken in acetone with potassium hydroxide solution (66%) and ethyl 
chloroformate, and the product, isolated by dilution with water, yielded ethyl 4(or 6)-bromo- 
2 : 3-diphenylindole-1-carboxylate, m. p. 110° (identified by mixed m. p. with the synthetical 
compound described below), on being thrice recrystallised from alcohol. 

4(or 6)-Bromo-1-acetyl-2 : 3-diphenylindole separated slowly after bromine (in equimolecular 
amount) had been added to 1-acetyl-2 : 3-diphenylindole in acetic acid; it crystallised from 
methyl alcohol as a mixture of colourless needles and prisms, but, on keeping, the latter, m. p. 
141—142°, alone remained (Found, after heating for some time at 100°: C, 67-7; H, 4:1. 
C,.H,,ON Br requires C, 67-7; H, 4:1%). The same product was obtained by the bromination 
of 1-acetyl-2 : 3-diphenylindole in carbon disulphide; it was isolated by evaporation of the 
solvent, and purified by crystallisation from alcohol. 

Phenyl benzyl ketone (4-8 g.) and m-bromophenylhydrazine (4-2 g.) were heated together 
at 140° for 15 mins., and the resulting hydrazone, yellow needles, m. p. 102°, from alcohol, 
was boiled for 15 mins. with alcoholic hydrogen chloride. The product, which was precipitated 
with water and extracted with ether, did not crystallise and was therefore shaken in acetone 
with aqueous potassium hydroxide (66%) and acetyl chloride. When the precipitate obtained 
by the addition of water was crystallised from much alcohol, 6(or 4)-bromo-1-acetyl-2 : 3-diphenyl- « 
indole, colourless needles, m. p. 223—225°, after further crystallisation from acetic acid, separ- 
ated (Found: N, 3-4. C,,H,,ONBr requires N, 3-6%). The alcoholic mother-liquor yielded, 
on being concentrated to small bulk, 4(or 6)-bromo-1-acetyl-2 : 3-diphenylindole, colourless 
prisms, m. p. 141° (after recrystallisation from methyl alcohol), identical (mixed m. p.) with 
the substance described above. 4(or 6)-Bromo-2 : 3-diphenylindole, colourless needles, m. p. 
116—117°, from petroleum (b. p. 40—60°), was obtained when its acetyl derivative was boiled 
for $ hour with aqueous-alcoholic potash; it was isolated by dilution with water. 

4(or 6)-Bromo-1-benzoyl-2 : 3-diphenylindole, colourless needles, m. p. 174—176°, from acetic 
acid (Found: N, 3-0. C,,H,,ONBr requires N, 3-1%), separated slowly when 1-benzoyl- 
2: 3-diphenylindole was brominated in acetic acid. The same compound (mixed m. p.) was 
obtained when 4(or 6)-bromo-2 : 3-diphenylindole was shaken in acetone with aqueous potassium 
hydroxide (66%) and benzoyl chloride; it was isolated by dilution with water. 

Ethyl 4(or 6)-bromo-2 : 3-diphenylindole-1-carboxylate, colourless needles, m. p. 110°, from 
alcohol (Found: N, 3-2. C,,;H,,0,NBr requires N, 3-3%), and 4(or 6)-bromo-1-cinnamoyl- 
2: 3-diphenylindole, yellow plates, m. p. 176°, from alcohol (Found: N, 2-9. Cz9H,ON Br 
requires N, 2-9%), were obtained by processes similar to both those used for the above benzoyl 
derivative. 

The ~-bromophenylhydrazone of phenyl benzyl ketone, colourless needles, m. p. 136°, from 
alcohol (compare Bodforss, Ber., 1925, 58, 775), was prepared like the m-compound, and, 
when boiled with alcoholic hydrogen chloride as before, gave 5-bromo-2 : 3-diphenylindole, 
pale brown plates, m. p. 148°, from acetic acid. The latter was converted into 5-bromo-1-acetyl- 
2: 3-diphenylindole, colourless needles, m. p. 218°, from acetic acid, by shaking in acetone 
with aqueous potassium hydroxide (66%) and acetyl chloride (Found: N, 3-4%). 

Bromination of 2-Phenyl-3-methylindole-—After a mixture of propiophenone (2 g.) and 
phenylhydrazine (1-5 g.) had been heated on the steam-bath for a short time and then refluxed 
for } hour with alcoholic hydrogen chloride, water precipitated 2-phenyl-3-methylindole, 
colourless plates, m. p. 91—92° (compare Collet, Bull. Soc. chim., 1897, 17, 74), from petroleum 
(b. p. 60—80°). When a solution of this compound in acetic acid was treated with an equi- 
molecular amount of bromine, a yellow precipitate immediately formed, but this went into 
solution again after a short time. 4(or 6)-Bromo-2-phenyl-3-methylindole, colourless plates, 
m. p. 147°, from petroleum (b. p. 60—80°), then slowly separated (Found: C, 63-2; H, 4-2. 
C,;H,,.NBr requires C, 62-9; H, 4-2%). The primary yellow precipitate, even when prepared 
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by the addition of a limited amount of bromine to avoid the presence of free halogen, readily 
liberated iodine from potassium iodide, and, when suspended in fresh acetic acid, gradually 
yielded the 4(or 6)-bromo-compound. The same bromo-compound (mixed m. p.) was prepared 
by a process similar to that given above for 2-phenyl-3-methylindole, but employing m-bromo- 
phenylhydrazine, while the use of p-bromophenylhydrazine led to 5-bromo-2-phenyl-3-methyl- 
indole, colourless plates, m. p. 141°, from petroleum (Found: N, 5-0. C,,;H,,NBr requires 
N, 49%). 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, May 26th, 1933.] 





225. Properties of Conjugated Compounds. Part XIX. The Michael 
Reaction Applied to a Triene Ester. 


By E. H. FARMER and S. R. W. Martin. 


THE manner in which esters of the malonic type add to conjugated butadiene-«-carboxylic 
esters of the sorbic acid series has already been extensively examined by one of the authors. 
Since in these additions the anionic component of the addendum can attach itself to either 
the B- or the 3-carbon atom of the conjugated ester, it is clearly to be expected that in 
conjugated hexatriene- or octatetraene-«-carboxylic esters attachment may be effected 
at one or more of the even carbon atoms (8-, 8-, ¢-, etc.) of the conjugated chain. Until 
recently, however, it has not been possible to test the correctness of the theoretical expect- 
ation owing to the non-availability of suitable triene and tetraene esters for experiment. 

It has now been found that when methyl malonate is added to a typical conjugated triene 
ester, viz., methyl A*”’*-heptatriene-«-carboxylate (I), reaction takes place in two of the 
three possible ways to give a mixture of «{- and «®-addition products, (II) and (III) 


CHMe-CH:CH-CH:CH-CH,°CO,Me (II) 
(I) CHMe!CH-CH:CH-CH:CH-CO,Me CH(CO,Me), 
* CHMe:CH-CH:CH-CH-CH,CO,Me (IIL) 
(MeO,C),CH 


respectively, in yields up to 74% of the theoretical. Reaction in the third way is not 
totally excluded, but the presence of the «3-product (IV) could not be detected. The 
af-product (II) is formed to the extent of roughly 67° and the «{-product to at least 10° 
of the total product. 


(IV.) CHMe:CH-CH-CH:CH-CH,-CO,Me HO,C-CH,*CHMe-(CH,),*CO,H_ (V.) 
CH(CO,Me), 


The proof of constitution of the addition products rests upon the hydrogenation- 
hydrolysis procedure previously developed. The mixture of addition products, after being 
freed from unchanged reactants by distillation, was catalytically hydrogenated and then 
hydrolysed. The acids present in the hydrolysis product were converted into their 
anhydrides (after conversion of malonic into acetic groupings by heating), and these were 
separated by partial distillation. The anhydride derived from the «$-addition product was 
the readily-distillable 8-n-amylglutaric anhydride, whereas that from the «¢-product was 
the undistillable (polymolecular) anhydride of B-methylazelaic acid (V). The @-n-amyl- 
glutaric and §-methylazelaic acids derived from the anhydrides were authenticated by 
comparison with specimens synthesised for the purpose. Although there was little loss in 
isolating the former acid, the economical separation and purification of the latter acid was 
extremely troublesome and, consequently, only a minimal figure for the percentage of 
the a¢-product can be quoted. 

EXPERIMENTAL. 


Addition of Methyl Malonate to Methyl A®”*-Heptatriene-a-carboxylate.—The heptatriene- 
carboxylic acid was prepared by the method of Kuhn and Hoffer (Ber., 1930, 63, B, 2164); it 
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was converted into the acid chloride by the action of thionyl chloride, and thence into the methyl 
ester by the action of methyl alcohol as recommended by these authors. 

The well-dried triene ester, m. p. 74-5° (20 g.; 1 mol.), was dissolved in redistilled methyl 
malonate (36 g.; 2 mols.), and a solution of sodium (0-3 g.; 1/10 atom) in dry methyl alcohol 
(3 c.c.) added thereto. The mixture was diluted with just insufficient ether (about 3 c.c.) to 
produce a precipitate, and then gently refluxed for 16 hours. The reaction product was cooled, 
diluted with much ether, and washed free from alcohol by shaking with small quantities of water. 
Evaporation of the ether and distillation of the mixture of esters yielded much unchanged material 
and only a small quantity of addition product. As frequently happens in carrying out the 
Michael reaction with a fractional molecular proportion of sodium ethoxide, the yield of addition 
product never exceeded 10% when the reactants were used for the first time; but when the 
vecovered reactants were re-heated with sodium, methyl alcohol, and ether in precisely the same 
way as before, the yield rose to 74%. The addition product, after distillation of unchanged 
reactants (b. p. 60—120°/1—2 mm.), passed over at 152—170°/1—2 mm., leaving a small 
undistillable residue (about 3% of the total material); on redistillation it was obtained as a 
colourless oil, b. p. 154—159°/1—2 mm., which was shown to be a mixture of methyl B-methyl- 
heptadiene-xan-tricarboxylate (in which the double bonds doubtless occupied the ye-positions) 
and methyl A”*-heptadiene-a-carboxylate-B-malonate (Found: C, 59-0; H, 7:0. CygHoO. 
requires C, 59-15; H, 7-0%). 

Catalytic Reduction of the Addition Product.—The addition product (16 g.), when dissolved 
in alcohol (100 c.c.) and shaken with hydrogen at room temperature and atmospheric pressure, 
absorbed the gas very rapidly at first and suffered complete reduction (2 mols. of hydrogen 
absorbed) in 10 hours. The reduction product, after being freed from catalyst and solvent, was 
obtained as a colourless oil which completely distilled at 142—165°/1—2 mm. (mainly 142— 
150°). This was a mixture of methyl ®-methylheptane-axn-iricarboxylate and methyl heptane- 
a-carboxylate-B-malonate (Found: C, 58-55; H, 8-1. C,gH.,O, requires C, 58-7; H, 8-0%); 
yield, 98%. 

The distilled reduction product (15-8 g.) was hydrolysed by refluxing on a steam-bath with . 
an alcoholic solution of sodium hydroxide (sodium, 4-5 g., in sufficient methyl alcohol, and water, 
16 c.c.). The sodium salts of the derived acids were rapidly precipitated, and after 4 hours 
were filtered off; a little of the mixed salts which remained dissolved in the alcoholic liquor was 
recovered by saturating the latter with carbon dioxide, and evaporating off the alcohol. The 
mixture of sodium salts was refluxed for 9 hours with five times its weight of a 15% hydrochloric 
acid solution in order to promote decarboxylation of the malonic acid groupings in the reduced 
acids; as, however, this process was far from complete, the mixture of acids was extracted with 
ether, dried, and decarboxylated by heating cautiously at 170° until no further evolution of 
carbon dioxide occurred. The crude mixture of acids which contained $-methylazelaic acid 
and $-n-amylglutaric acid was thus obtained as a rather viscous brownish liquid. 

Separation of Reduced Acids.—The mixture of acids was boiled with about eight times its bulk 
ofaceticanhydride for 2hours. Theexcess of aceticanhydride was distilled off at ordinary pressure, 
and the acidic residue was heated cautiously at reduced pressure until all remaining traces of 
acetic acid had been expelled. The residue was then heated at reduced pressure (precautions 
being taken against the access of moisture to the apparatus when letting in air) until the distill- 
able portion had completely passed over (b. p. 135—150°/2—3 mm.) and further heating tended 
only to the decomposition of the residual material. The distillate was a colourless oil (b. p. 
138°/2 mm. on redistillation) which consisted of the pure anhydride of B-n-amylglutaric acid 
(Found: C, 65-05; H, 8-75. Cj 9H,,O03 requires C, 65-2; H, 8-7%); from this anhydride the 
corresponding anilic acid, HO,C-CH,°CH(C,;H,,)*-CH,-CO-NHPh, was readily obtained in the 
form of a white crystalline powder, m. p. 81° (Found: C, 69-1; H, 8-3. C,,H,,0,N requires 
C, 69-3; H, 8-3%), and the corresponding free acid as a colourless non-solidifiable oil. The 
anhydride, the anilic acid, and the free acid agreed in all respects with authentic specimens of 
these substances, which were specially synthesised for comparison (see below). The yield of 
amylglutaric anhydride amounted to at least 67% of the anhydride mixture. 

Since the brownish viscous mass left on distilling the amylglutaric anhydride might contain 
the anhydride of n-propylpimelic acid in addition to that of 8-methylazelaic acid (both anhydrides 
being polymolecular and undistillable), the whole mass was heated with aqueous NaOH and the 
alkaline solution filtered, cooled, and extracted with ether. The brown oily acid derived from 
the ethereal extract largely solidified on standing for several days over concentrated sulphuric 
acid in an evacuated desiccator. The solid material was thoroughly drained on a tile and was 
thus obtained in the form of clean white crystals, m. p. 43—44°. These crystals could not be 
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satisfactorily recrystallised from ordinary solvents, but since their m. p. and general properties 
corresponded closely with those of B-methylazelaic acid (Freer and Perkin, J., 1888, 53, 218) 
they were analysed without further crystallisation and were directly compared with a specimen 
of $-methylazelaic acid derived by repetition of Freer and Perkin’s synthesis. The identity of 
the acid as $-methylazelaic acid was fully confirmed (Found: C, 59-05; H, 8-85. Calc. for 
Cy9H,,0,: C, 59-4; H, 8-9%). Of the original mixture of anhydrides, 8% was isolated in the 
form of solid 8-methylazelaic acid; from the oily residue extracted from the tile, a further small 
quantity of solid B-methylazelaic acid was isolated, but owing to the low m. p. and inferior 
crystallising capacity of this acid no decision could be reached as to whether the final oily residue 
consisted entirely of the same acid (rendered somewhat impure by the slight decomposition 
which occurred during the separation of the amylglutaric anhydride) or whether it contained 
some proportion of n-propylpimelic acid, derived from the «8-addition product (IV). 

Several degradations of the original ester mixture with (a) alkaline permanganate, (b) ozone, 
and (c) ozone followed by permanganate, were carried out in order to determine whether any 
quantity of the original addition product consisted of the ester (IV), but in all cases the result 
was unsatisfactory, since not only was succinic acid (the decomposition product arising uniquely 
from the a3-addition product) not formed, but the expected decomposition products of the 
«B- and a{-addition products could not all be isolated. Apparently oxidation did not bring 
about normal scission at all the original double bonds. 

Synthesis of B-n-A mylglutaric Acid.—n-Hexy] alcohol was converted into n-hexaldehyde with 
potassium dichromate and dilute sulphuric acid. The pure aldehyde, b. p. 131°, was condensed 
with cyanoacetamide under the conditions employed for this type of reaction by Day and Thorpe 
(J., 1920, 117, 1465). The resulting white precipitate of a«’-dicyano-B-n-amylglutarimide was 
washed well with water and triturated with dilute hydrochloric acid to remove impurities; it 
was then hydrolysed by 5 hours’ boiling with 15% hydrochloric acid. The oily hydrolysis pro- 
duct was extracted from the cooled aqueous liquor with ether; it yielded directly on distillation 
pure B-n-amylglutaric acid, a colourless, viscous, non-solidifiable oil, b. p. 208°/2 mm. (Found : 
C, 59-5; H, 9-1. Cy 9H,,O, requires C, 59-4; H, 8-9%). From the acid the corresponding 
anhydride was obtained by boiling with acetic anhydride. This was a colourless liquid, b. p. 
ca. 140°/2 mm., which on treatment with aniline in ethereal solution yielded the corresponding 
anilide as a white crystalline powder, m. p. 81°. 


The authors acknowledge their indebtedness to the Chemical Society for a grant to one of 
them (S. R. W. M.). 
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226. Reactions of Olefinic Compounds. Part III. The Orienting 
Influence of the Phenyl Group. 


By E. H. FARMER and C. G. B. Hose. 


THE orientations assumed by the components of hypochlorous acid when this reagent 
is added to the A*- and A®-forms of 8-phenylpentenoic acid follow very exactly those 
found for the analogous A*- and A®-hexenoic acids (Part I; Bloomfield and Farmer, 
J., 1932, 2062). Thus the orienting influence of a phenylalkyl group is of a similar nature 


CH,R-CH=CH-CH,°CO,H CH,R-CH,-CH,-CH=CH-CO,H 
R=Ph -< Cl 86% OH---Cl 100% 
=Ph\cr--OH 14° OH=-Cl 100°? 
_\ (OH=Cl 802 
R=Me\c}--OH 2097 


to that of the corresponding alkyl group in which methyl replaces phenyl. But when the 
orienting influence of the phenyl group in cinnamic acid is compared with that of the methyl 
group in crotonic acid (cf. Part Il; Bloomfield, Farmer, and Hose, this vol., p. 800), it is 
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seen that the former group has the more powerful influence in leading to effective polaris- 
é— : 


ation in the sense RCCH=CH-CO,H : 


CHPh=CH-CO,H CHMe=CH-CO,H 
OH=--Cl 100% OH--Cl 74% 
Cl--OH 26% 


This result does not necessarily mean, however, that the electron-releasing influence 
of the phenyl group is here overwhelmingly greater than that of methyl: the complete 
production of an «-chloro-$-hydroxy-addition product may result from the absorption 
by the nucleus (in the manner suggested by Ingold, Ann. Reports, 1928, 25, 147) of any 
negative charge which might be conferred on the @-carbon atom by the substituents 


Bis 
attached to the a-carbon atom, thus suppressing the polarisation PhCH—-CH:CO,H on 
which the production of a @-chloro-a-hydroxy-compound depends. This latter view is 
strongly supported by experiments with «-methylcinnamic acid, which reveal that orienta- 
tion in the case of the «-methylated acid is precisely similar to that which holds for cinnamic 
acid itselfi—a surprising result in view of the wide difference in orienting tendency between 
a-methylacrylic and crotonic acid (cf. Bloomfield, Farmer, and Hose, loc. cit.). But 
whatever the mechanism by which the influence of the phenyl group is rendered effective, 
there is no doubt that its orienting influence is extremely powerful. 

An example of great importance in this connexion is that afforded by 3-phenyl-A’- 
pentenoic acid, Ph;CH:CH-CH,°CH,°CO,H, to which hypochlorous acid adds very readily. 
Here, however, the resulting two lactonic chlorohydrins are readily decomposable substances, 
and a prolonged examination of both has failed to yield decisive evidence as to their 
structure; they are in all probability stereoisomeric forms of y-chloro-8-phenyl-8-valerolac- 
tone, Ph-CH-CHCI-CH,°CH,°CO-0, and in this case the evidence is strengthened in favour 


of the view that the 8-phenyl group owes its powerful orienting influence mainly to a 
capacity to render ineffective all polarisation induced by the group -CH,°CH,°CO,H in 


Baw 
the direction Ph-CH—CH-CH,:CH,°CO,H, rather than by directly and overwhelmingly 
activating (100% negative activation) the y-carbon atom. 

A point of interest in connexion with the examples described above concerns the speed 
of reaction, which varies with change in the groups attached to the ethylenic centre no 
less than does the additive mode. Now, although the type of reaction here studied does 
not lend itself to facile measurement of comparative speeds of addition, yet certain broad 
distinctions are readily observable. The A®- and A’-acids of the 3-phenylpentenoic series, 
like those of the 8-methylpentenoic series, react very much more rapidly with the reagent 
than does the corresponding A*-compound. Again, the slowness of reaction which 
distinguishes cinnamic acid becomes more marked still in the case of «-methylcinnamic 
acid; also the latter acid reacts more slowly than tiglic acid. It thus appears that the 
low degree of reactivity which characterises the ethylenic centre in the A*-acids examined, 
although mainly attributable to the carboxyl group (see Part II), is accentuated when a 
phenyl group is directly attached to the unsaturated centre; moreover, the deactivating 
influence of the phenyl group is apparently further increased when it occurs in combination 
with certain other types of substitution.* 





EXPERIMENTAL. 


Preparation of Hypochlorous Acid.—A 2% solution of the reagent was in all cases prepared 
as described by Bloomfield and Farmer (loc. cit., p. 2067). 

Addition to Cinnamic Acid.—To an ice-cold solution of the acid (25 g.) in ether (400 c.c.), 
the requisite quantity of hypochlorous acid solution was gradually added. After standing 


* (Added in proof.) Since this paper was written, Kharasch and his collaborators (J. Amer. Chem. 
Soc., 1933, 55, 2468, 2521, 2531) have shown that the presence of peroxidic impurities may affect both the 
speed of reaction and the additive mode in certain olefinic additions in which hydrogen bromide is the 
addendum. The possibility that a similar catalytic influence may affect the additivity of hypochlorous 
acid under the conditions here employed is being tested by us. 
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at 0° for 72 hours, the aqueous layer was separated and extracted with more ether. The united 
extracts, on removal of solvent, gave an oil which was thoroughly agitated with cold water, 
The chlorohydrin dissolved in the water and was subsequently re-extracted with ether; the 
residual material consisted partly of cinnamic acid (8 g.), which was filtered off, and partly 
of a colourless oil which was taken up in petroleum ether, dried, and distilled. The oil, b. p. 
83—84°/11 mm., had all the characteristics of w-chlorostyrene (Found: Cl, 25-6. Calc. for 
C,H,Cl: Cl, 25-:7%). 

The chlorohydrin was obtained from the ethereal extract as a viscous oil which soon solidified. 
The solid so obtained was homogeneous and yielded, after thrice recrystallising from dry benzene, 
colourless prisms, m. p. 94°5° (Found: Cl, 17-7; M, monobasic, 199. Calc. for C,H,O,C1: 
Cl, 17-7% ; M, 200-5). On crystallising the chlorohydrin from water a hydrate, C,H,O,C1,H,0, 
was obtained in the form of colourless prisms, m. p. 55-5° (Found: M, 217. Calc.: M, 218-5). 
The crude chlorohydrin invariably possessed a m. p. between that of the anhydrous form and 
its hydrate, but the most careful examination of many samples of the addition product failed 
to show the presence therein of any appreciable quantity of an isomeric chlorohydrin. Both 
the anhydrous compound and its hydrate have previously been described by Smith (Z. physikal, 
Chem., 1913, 81, 371), but all other workers appear to have had in their hands mixtures of the 
two forms. 

Since Read and Andrews (J., 1921, 119, 1774) record the m. p. of cinnamic acid chlorohydrin 
as 78—80°, a quantity of cinnamic acid was converted into its chlorohydrin by their method, 
i.e., dropping sodium cinnamate solution into cold acidified chlorine water; although this 
method differs considerably from ours, the two products were identical. The second crude 
product (m. p. 74—77°) yielded the hydrate (m. p. 55-5°) when crystallised from water : this 
hydrate gradually reverted to the anhydrous substance (m. p. 94-5°) on heating above its m. p. 
By the kindness of Professor Read, we were able to compare his original specimen with our 
products: the low m. p. of Read and Andrews’s specimen was found to be due to partial hydra- 
tion. No other observation in the literature affords any indication that cinnamic acid can 
yield by direct addition a second (positionally isomeric) chlorohydrin. 

Constitution of Cinnamic Acid Chlorohydrin.—Although it has been generally assumed that 
the chlorohydrin has the constitution Ph*CH(OH)-CHCI1-CO,H, we can find no record of a 
satisfactory proof of structure. The correctness of the «-chloro-8-hydroxy-orientation was 
accordingly demonstrated. 

The pure chlorohydrin (3 g.) was dissolved in water, neutralised with sodium bicarbonate 
and reduced with sodium amalgam at 0° in the presence of excess of carbon dioxide. The 
reduction liquor yielded on extraction with ether a solid acid which, after recrystallisation 
from water, melted at 93°; this acid was found by direct comparison with an authentic specimen 
synthesised for the purpose (see below) to be 8-hydroxy-$-phenylpropionic acid. 

The chlorohydrin (1 g.) suffered dehydration when refluxed with acetic anhydride (5 c.c.) 
for 2 hours. The product, worked up in the usual way, partly solidified, yielding an acid 
crystallising from water in needles, m. p. 138-5°. This was «-chlorocinnamic acid (Found : 
Cl, 19-5; M, 182. Calc. for CgH,O0,Cl: Cl, 19-4%; M, 182-5) (cf. Forrer, Ber., 1883, 16, 854). 

Frequently preparations of the chlorohydrin yielded, on recrystallisation, a small gummy 
residue which failed to crystallise on long keeping. This residue did not, however, contain 
an isomeric chlorohydrin, but consisted partly of a neutral substance, partly of cinnamic acid, 
and partly of a viscous acidic oil which was insoluble in water and did not display the properties 
of a chlorohydrin. 

Synthesis of B-Hydroxy-B-phenylpropionic Acid.—Andriewsky’s synthesis of this acid (J. Russ. 
Phys. Chem. Soc., 1908, 40, 1635) was found to be much improved by modifying the conditions 
of reaction. Redistilled benzaldehyde (30 g.), bromoacetic ester (41 g.), and zinc shavings 
(17 g.) were mixed with benzene and heated on a steam-bath. The brisk reaction which set 
in was complete in 1 hour, and the reaction product yielded, when worked up in the usual way, 
ethyl B-hydroxy-B-phenylpropionate (23-5 g.) as a viscous liquid, b. p. 154—156°/13 mm. (Found: 
C, 68°3; H, 8-7. C,,H,4O, requires C, 68-0; H, 7-2%). The hydrolysis of this ester was best 
accomplished by mixing it (1 pt.) with 20% potassium hydroxide solution (2-2 pts.) and sufficient 
alcohol to cause dissolution, and allowing the mixture to stand for 48 hours. The hydroxy- 
phenylpropionic acid was isolated by removing the alcohol from the product and extracting 
the acidified aqueous residue with ether. It crystallised from water in colourless needles, 
m. p. 93° (Found : C, 64-7; H, 6-0; M, monobasic, 166. Calc. for CgH,,O, : C, 65-0; H, 60% ; 
M, 166). 

Addition to a-Methylcinnamic Acid.—The a-methylcinnamic acid was conveniently prepared 
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by the Reformatski reaction. A mixture of redistilled benzaldehyde (122 g.), «-bromopropionic 
ester (208 g.), zinc shavings (74 g.), and dry benzene (500 c.c.) was heated on a steam-bath. 
The reaction which set in was complete in 45 mins., and the product, ethyl B-hydroxy-B-phenyl-a- 
methylpropionate, b. p. 157—158°/11 mm., isolated in the usual way (Found: C, 69-0; H, 7°5. 
C,2H,.03 requires C, 69-0; H, 7-6%). Yield 187 g. This ester (8 g.) yielded on hydrolysis 
at room temperature with 20% potassium hydroxide (20 c.c.), sufficient alcohol being added 
to give a homogeneous solution, the corresponding hydroxy-acid, B-hydroxy-B-phenyl-a-methyl- 
propionic acid. This was first obtained as an oil, which partly solidified on cooling; the solid 
portion crystallised from light petroleum in stout prisms, m. p. 77° (Found: C, 66-4; H, 6-4; 
M, monobasic, 180. C, ,H,,0, requires C, 66-7; H, 66%; M, 180). This solid acid would 
seem to be different from a compound, m. p. 95°, reported in the literature as ‘‘ «-methyl- 
8-phenylathylenmilchsaure ’’ (Centr., 1897, ii, 349; 1898, i, 668) and derived by the interaction 
of benzaldehyde and «-bromopropionic ester. For the purpose, however, of preparing «-methy]l- 
cinnamic acid, the hydroxy-ester (20 g.) was dissolved in pyridine (15 g.), and mixed, while 
cooling in ice, with thionyl chloride (6-9 c.c.). The mixture, after standing at room temperature 
for 4 hours, was poured into dilute hydrochloric acid and worked up in the usual way. The 
ethyl «-methylcinnamate so obtained was hydrolysed by mixing with 3 times its bulk of 10% 
potassium hydroxide solution and sufficient alcohol to give a clear solution, and allowing the 
mixture to stand for 48 hours. The «-methylcinnamic acid crystallised from light petroleum 
in colourless prisms, m. p. 74—75°. 

To a solution of «-methylcinnamic acid (12-1 g.) in ether (200 c.c.), cooled to 0°, the requisite 
quantity of hypochlorous acid solution was gradually added. After 72 hours, the product 
was worked up as in the case of cinnamic acid.* The crude oily addition product was agitated 
with water, wherein the chlorohydrin dissolved, and a quantity of unchanged acid remained 
suspended in the aqueous solution. The filtered liquor was extracted twice with light petroleum 
(extract A) and then several times with ether (extract B). The extract A was separated into 
a neutral and an acidic portion by means of sodium bicarbonate solution; the acidic portion 
consisted mainly of crystals of unchanged acid but contained a little oily chlorohydrin, whereas 
the neutral portion consisted of a sweet-smelling mobile liquid, b. p. 118—123°/28 mm., which, 
owing to its spontaneous formation in the reaction by a process of combined dehydration and 
decarboxylation, could not be other than §-chloro-a-phenyl-A*-propylene (Found: Cl, 23-6. 
CsH,Cl requires Cl, 23-3%), derived from the «-chloro-8-hydroxy-form of the chlorohydrin of 
a-methylcinnamic acid. The extract B contained almost pure chlorohydrin and this, as also 
the purified chlorohydrin from extract A, soon partly solidified. The solid portion, representing 
about 60% of the total chlorohydrin, crystallised from water as a white crystalline powder, 
m. p. 156° (Found: Cl, 16-4; M, monobasic, 213. C,9H,,03Cl requires Cl, 16-56%; M, 214). 

This solid chlorohydrin suffered facile and complete reduction on treatment of a solution 
of its sodium salt with sodium amalgam at room temperature, in the presence of excess of 
carbon dioxide. The chlorohydrin was consequently an a-chloro-acid, viz., «-chloro-B-hydroxy- 
8-phenyl-a-methylpropionic acid, and the reduced acid, obtained from the reduction liquor 
as an unsolidifiable colourless oil, gave benzoic acid in good yield when warmed with chromic 
acid mixture. 

The crude liquid chlorohydrin which was drained from the above-described solid form still 
contained a little methylcinnamic acid (Found: Cl, 14-5%). On treatment of its sodium salt 
with sodium amalgam at 0°, in the presence of excess carbon dioxide, a chlorine-free syrupy 
hydroxy-acid was obtained: this gave on oxidation with hot chromic acid mixture a good 
yield of benzoic acid. There was no indication, therefore, that the liquid chlorohydrin contained 
any of the 6-chloro-a-hydroxy-form. 

Addition to a-Phenyl-A*-pentenoic Acid.—The phenylpentenoic acid was prepared by the 
Doebner method. A mixture of 8-phenylpropionic aldehyde (28 g.), dry pyridine (20 g.), and 
malonic acid (21-6 g.) was kept for } hour, and then heated on a steam-bath until evolution of 
carbon dioxide ceased (3—4 hours). The product was cooled and acidified; the precipitated 
acid was filtered off, and the filtrate extracted with ether. The combined acidic products thus 


* Good results were also obtained by adding the hypochlorous acid solution to a cold aqueous 
suspension of a-methylcinnamic acid. In this case the reaction product was treated in the cold with 
bicarbonate solution until effervescence ceased. The unchanged (un-neutralised) methylcinnamic acid 
could then be filtered off, and the neutral product of reaction extracted from the alkaline liquor by 
light petroleum. Acidification of the alkaline liquor, and extraction with ether, yielded the chlnse- 
hydrin i ; almost pure condition. 

Ss 
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obtained were freed from neutral products by treatment with sodium bicarbonate; the purified 
acid, which contained a little oily acid (probably the A®-isomeride), was crystallised from 
aqueous acetone. The pure 3-phenyl-A*-pentenoic acid separated in colourless needles, m. p. 
103° (Found: C, 75-0; H, 6-6; M, monobasic, 176. C,,H,,O, requires C, 75-0; H, 68%; 
M, 176); the barium salt crystallised in characteristic long silky needles. The A*-constitution 
was verified by oxidising the acid at 0° with alkaline permanganate, whereby good yields of 
8-phenylpropionic acid, m. p. 46° (mixed m. p. with authentic specimen, 46°), and oxalic acid 
were obtained. 

To a solution of the acid (17-6 g.) in ether (400 c.c.) cooled to 0°, the requisite quantity 
of hypochlorous acid solution was added. Reaction took place only slowly, but after 80 hours 
the product was worked up. The aqueous was separated from the ethereal layer and extracted 
with more ether. The crude product isolated from the combined ethereal liquors was agitated 
with water; the undissolved phenylpentenoic acid was removed by filtration, and the aqueous 
filtrate extracted twice with light petroleum and twice with ether. The petroleum extract 
yielded mainly phenylpentenoic acid, and the ethereal extract a yellow oily chlorohydrin 
(4:6 g.) which began to solidify only after many months. About 80% of the phenylpentenoic 
acid was recovered unchanged. The chlorohydrin («-chloro-§-hydroxy-8-phenylvaleric acid) was 
only sparingly soluble in water and still contained a little phenylpentenoic acid as impurity 
(Found : Cl, 14:3. C,,H,,;0,Cl requires Cl, 15-5%); it could not be further purified by distill- 
ation, owing to its strong tendency to lose hydrogen chloride on heating. An attempt to 
prepare the chlorohydrin in better yield by using chlorine water as the reagent (cf. Read 
and Andrews’s method for cinnamic acid, p. 964) yielded a very impure product containing 
much «f-dichlorocinnamic acid (Found : Cl, 22%). 

When reduced in aqueous alcohol with sodium amalgam at 0°, the solution being kept slightly 
acid throughout the operation, the chlorohydrin yielded an oily acid which, after precipitation 
from chloroform by addition of light petroleum, soon solidified. The solid was chlorine-free 
and crystallised from water in colourless prisms, m. p. 130°. Its identity as $-hydroxy-é- 
phenylvaleric acid was fully established by synthesis of the latter acid for the purpose of 
comparison. 

Synthesis of B-Hydroxy-8-phenylvaleric Acid.—This acid (m. p. 131°) was isolated by Fittig 
as a by-product during the interconversion of the At- and the A®-form of §-phenylpentenoic 
acid with boiling caustic alkali. No satisfactory method of synthesis has hitherto been described. 

6-Phenylpropionaldehyde (30 g.) and bromoacetic ester (33-5 g.), dissolved in dry benzene 
(100 c.c.), were heated with zinc shavings (14:5 g.) on a steam-bath. The reaction product, 
on being worked up in the usual way, yielded an oily hydroxy-ester, b. p. 178—182°/12 mm. 
(ethyl 6-hydroxy-8-phenylvalerate), which was immediately hydrolysed by allowing it to stand 
for 48 hours with excess of 20% potassium hydroxide solution and sufficient alcohol to produce 
a homogeneous solution. The solid §-hydroxy-8-phenylvaleric acid thus obtained crystallised 
from water in colourless prisms, m. p. 130° (Found: C, 68-0; H, 7-0; M, monobasic, 193. 
Calc. for C,,H,,O,: C, 68-0; H, 7:2%; M, 194). 

Addition to 8-Phenyl-A8-pentenoic Acid.—Three methods of preparing the phenylpentenoic 
acid were tried: (a) Malonic acid (10-8 g.) was added to a mixture of redistilled §-phenyl- 
propionaldehyde (14 g.) and redistilled triethanolamine (12 g.) and, after } hour, heated on a 
steam-bath until evolution of carbon dioxide ceased. The product, isolated and freed from 
neutral material in the usual way, was oily, but on distillation gave a fraction (b. p. 160—185°/11 
mm.) which mainly solidified (crystals, m. p. 30°) when cooled in a freezing mixture; yield, 
3g. (6) Toa mixture of 6-phenylpropionaldehyde (34 g.) and malonic acid (25 g.) in absolute 
alcohol (65 c.c.) a little redistilled diethylamine (5 drops) was added and the whole refluxed 
for 6 hours. The product, when isolated and freed from neutral material, gave on dis- 
tillation a small fraction, b. p. 165—175°/11 mm., which partly solidified (crystals, m. p. 30°); 
yield, 1-5 g. (c) Owing to the low yields obtained by the foregoing methods, the acid was 
obtained in quantity by the reduction of cinnamylideneacetic acid. The latter compound 
was prepared according to the Doebner method (cf. Ber., 1902, 35, 2137) but in working up 
the product it was convenient to add the crude acid to sodium carbonate solution and to filter 
off, wash, and finally acidify the precipitated sodium salt (a second crop of sodium salt was 
obtained by concentrating the mother-liquor). The acid so obtained was washed with water 
and crystallised once from alcohol, whereupon it melted at 165°; yield, 50 g. (40%). 

By the reduction of this acid, Perkin had obtained only an oily product (J., 1877, 31, 403). 
By treating a suspension of the sodium salt of the acid (17-4 g. acid) with 3% sodium amalgam 
(1800 g.) at 0° in the presence of excess carbon dioxide, a reduction product was obtained which 
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boiled at 178—181°/10 mm., leaving a small residue of unreduced acid. The distillate, on 
cooling, set to a mass of crystals, m. p. 24—28°, from which pure 8-phenyl-A®-pentenoic acid, 
m. p. 30°, could be obtained by crystallisation from light petroleum; the distillate, however, 
contained, as would be expected, some 8-phenyl-A’-pentenoic acid (cf. Evans and Farmer, 
J., 1928, 1644) and the oxidation products of both acids (i.e., phenylacetic, benzoic, oxalic and 
acetic acids) were readily obtained when the distillate was oxidised with dilute alkaline perman- 
ganate. From a consideration of the percentage loss of hydrogen chloride sustained on distilling 
the mixed chlorohydrins produced from the acid mixture (see below), it appeared that the 
A’-acid was formed during the reduction of the conjugated acid to the extent of about 13% 
(a8, a3-ratio = 13: 87).* 

When the requisite quantity of hypochlorous acid solution was added to a solution of pure 
§-phenyl-A®-pentenoic acid (28 g.) in ether (500 c.c.), reaction was rapid. The product, 
worked up after 24 hours, yielded a yellow oil which turned brown on keeping for a few days. 
This oil was mainly lactonic in character and could be separated by means of sodium bicarbonate 
into a liquid chloro-lactone and a small amount of liquid chloro-acid. The former was a slightly 
impure lactone derived from chlorohydroxy-8-phenylvaleric acid (Found : Cl, 15-4. C,,H,,0,Cl 
requires Cl, 16-6%) and since it lost all its chlorine as hydrogen chloride on distillation at 
reduced pressure, it was undoubtedly 8-chloro-y-hydroxy-8-phenylvalerolactone. The dehydrochlor- 
ination product was a liquid lactone which was readily oxidised by dilute alkaline permanganate 
to yield oxalic acid and a neutral substance (apparently a polymeride or derivative of «-hydroxy- 
8-phenylpropionaldehyde) ; moreover, on heating the unsaturated lactone on a steam-bath 
with an excess of aqueous-alcoholic potash it yielded an unsaturated acid (after acidification), 
which when crystallised, first from light -petroleum and then by slow evaporation of its 
aqueous solution, formed long colourless needles, m. p. 57°. This latter acid was a hydroxy- 
§-phenylpentenoic acid (Found: C, 69-0; H, 6-1; M, monobasic, 194. C,,H,,O3 requires 
C, 68-8; H, 625%; M, 192), which, owing to its relationship to the preceding unsaturated 
lactone, and, in turn, to the original saturated lactone, cannot be other than y-hydroxy-8-phenyl- 
A*-pentenoic acid, formed by ring-opening, under the action of caustic alkali, of the corresponding 
lactone. The total amount of the saturated @-chloro-3-phenylvalerolactone present in the 
original reaction mixture amounted to at least 86% of the addition product. 

The original liquid chloro-acid was not homogeneous and contained some unsaturated 
material. On long standing, a few crystals of a chloro-acid, m. p. 113°, separated, which 
probably represent the y-chloro-8-hydroxy-form of the chlorohydrin, i.e., y-chloro-$-hydroxy- 
§-phenylvaleric acid; owing to the extremely small yield, however, an investigation of the 
acid could not be carried out. 

Addition to §-Phenyl-A’-pentenoic Acid.—Erlenmeyer, jun., and Kreutz report the produc- 
tion of §-phenyl-A’-pentenoic acid from cinnamyl chloride and malonic ester (Ber., 1905, 38, 
3503). The preparation of the acid in considerable quantities may be conveniently carried 
out by employing cinnamyl bromide (cf. Braun and KGhler, Ber., 1918, 51, 79) in place of the 
corresponding chloride. It is important, however, to fractionate the crude oily condensation 
product first obtained, selecting the fraction, b. p. 180—200°/13 mm., consisting of pure 
ethyl cinnamylmalonate (Found: C, 69-2; H, 7:0. Calc. for C,gHO,: C, 69-5; H, 7:2), 
and subsequently to hydrolyse it with aqueous-alcoholic potash at room temperature (48 hours). 
The cinnamylmalonic acid thus produced, when freed from neutral material and crystallised 
from benzene, formed colourless prisms, m. p. 131° (Found: M, monobasic, 258. Calc. for 
Ci2H }.04,2H,O : M, 256). This acid, when decarboxylated by heating in an oil-bath at 140°, 
gave crude phenylpentenoic acid; the latter, after being freed from neutral material and crystal- 
lised from petroleum, melted at 90° (Found: C, 74-9; H, 6-8; M, monobasic, 177. Calc. for 
C,,H,,0,: C, 75:0; H, 68%; M, 176); total yield (based on quantity of original reactants 
taken), 61%. On oxidation with alkaline permanganate at 0°, the pure acid gave benzoic 
acid and succinic acid in good yield. 

A solution of the acid (16 g.) in ether (250 c.c.) was treated at 0° with the requisite quantity 
of hypochlorous acid solution. Reaction was rapid, and after 12 hours a crop of crystals had 
separated at the liquid interface. The crystals were filtered off, and the remaining portion 
of the reaction product isolated from solution in the usual way. The latter was a viscous 
yellow oil which deposited more of the crystalline material on standing. The crystalline 


* At the time this work was carried out the authors were not aware that Karrer, Yen, and Reich- 
stein (Helv. Chim. Acta, 1930, 18, 1308) had obtained evidence of the production of a mixture of Af- 
and AY-dihydro-acids by the reduction of cinnamylideneacetic acid with titanous chloride. 
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material, which constituted 40% of the addition product, was lactonic in character and obviously 
represented the /actone of a chlorohydroxy-8-phenylvaleric acid (Found : Cl, 16-8; M, monobasic, 
209°5. C,,H,,0,Cl requires Cl, 16-6% ; M, 210-5) ; the liquid residue possessed all the character- 
istics of a chloro-lactone in equilibrium with a small proportion of the corresponding chloro- 
hydroxy-acid. Attempted separation of the latter acid by means of bicarbonate invariably 
yielded mixtures of acid and lactone, reversion to the lactonic form occurring extensively on 
acidifying the salt of the acid. The liquid lactone proved to be unsolidifiable; it distilled at 
180—190°/6 mm. (Found: Cl, 14:5%), and on heating with alkali suffered complete loss of 
hydrogen halide. By repeated treatment of the acidic fraction of the liquid lactone with 
bicarbonate and rejection of the successively obtained non-acidic portions, there was ultimately 
left about 3% of the total material, and this still contained a lactonic fraction and some of the 
original phenylpentenoic acid. Consequently any acidic component of non-lactonic character 
(i.e., of an entirely different structural constitution from the above-described solid and liquid 
chloro-lactones) must have been present in very small amount, and there is no reason to believe 
that any such substance was present. 

The ready loss of hydrogen chloride by both the solid and the liquid form of the lactone 
on treatment with reagents, coupled with the fact that both lactones invariably suffered oxida- 
tion to benzoic acid and succinic acid with permanganate and with chromic acid (no matter 
what the conditions of reaction), quite precluded the definite ascertainment of the orientation 
of the addendum in the respective lactones. The two lactones, however, resembled one another 
so closely in chemical behaviour that they are most probably to be regarded as stereoiso- 
merides ; moreover, the invariable failure which attended long-continued efforts to obtain even 
a small proportion of chlorophenylacetic acid from either lactone indicates that the lactones 
are to be regarded as stereoisomeric forms of y-chloro-3-hydroxy-8-phenylvalerolactone. On 
submission to the action of sodium amalgam in the presence of carbon dioxide and to the action 
of aluminium amalgam, some reduction and partial opening of the lactone ring occurred, but 
no pure specimen of hydroxyvaleric acid could in this way be obtained. 


The authors thank the Chemical Society for a grant to one of them (C. G. B. H.). 
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227. Substitution in Compounds containing Two or More Phenyl 
Groups. Part IV. Nitration of Diphenyl Derivatives containing 
m-Directing Substituents. 


By WILLIAM S. M. GriEvE and Donatp H. Hey. 


MANY examples are known, notably in the naphthalene series, in which the deactivating 
influence of a m-directing substituent in one ring of a polycyclic system induces further 
substitution by a kationoid reagent to take place in a second ring (cf. Ingold, Ann. Reports, 
1926, 23, 134; Lapworth and Robinson, Mem. Manchester Phil. Soc., 1928, 72, 50, et seq.). 
In the diphenyl series, apart from the nitration of 2- and 4-nitrodiphenyl (Schultz and 
Strasser, Ber., 1881, 14, 612; Bell and Kenyon, J., 1926, 2705; Gull and Turner, J., 
1929, 491), and of 3-nitrodiphenyl (Blakey and Scarborough, J., 1927, 3000), which give 
rise exclusively to heteronuclear substitution, there is practically no information available 
on the introduction of a single substituent into a derivative containing one m-directing 
group. The nitration of diphenyl derivatives containing other typical m-directing groups, 
such as *CO*R (R = H, CHg, or OH), should be of particular interest since such groups, 
while being predominantly m-directing, nevertheless in the benzene series give relatively 
high proportions of o-substitution as well, which has been attributed in part to the initial 
attachment of the reagent to the side, chain. 

A simple general method has now been developed for the mononitration of 4-acetyl- 
diphenyl, diphenyl-4-aldehyde, and diphenyl-4-carboxylic acid, involving the use of nitric 
acid of strength approximating to the composition HNO,,H,O, at —5° to 0°. Unless these 
conditions are closely adhered to, either no action at all, or dinitration will result (with 
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or without oxidation in the case of the aldehyde and ketone). This general procedure 
has also been extended to the nitration of 4-and 2-nitrodipheny], as well as to the dinitration 
of diphenyl. 

The mononitration of diphenyl-4-carboxylic acid was attempted by Gull and Turner 
(loc. cit.), who, using fuming nitric acid (d 1-5), were able to obtain only dinitrated products. 
The diphenylcarboxylic acid is largely insoluble in the weaker acid here employed, but, 
nevertheless, under these conditions it is converted into 4- and 2-nitrodiphenyl-4’-carboxylic 
acid in almost equal proportion. The former acid was identical with that previously 
obtained from the oxidation of 4-nitro-4’-methyldiphenyl (J., 1932, 1891), and the latter 
with that similarly obtained from 2-nitro-4’-methyldiphenyl and also by independent 
synthesis (cbid., p. 1892). The high-melting 4-nitrodiphenyl-4’-carboxylic acid was 
also identified by the preparation and mixed melting point of its ethyl ester. 

In similar manner, nitration of diphenyl-4-aldehyde gave 4- and 2-nitrodiphenyl-4’- 
aldehyde, and nitration of 4-acetyldiphenyl gave 4-nitro-4’-acetyldiphenyl and 2-niiro-4'- 
acetyldiphenyl. Both pairs of compounds were identified by oxidation to the corresponding 
carboxylic acids. Kuhling (Ber., 1895, 28, 523) has described an aldehyde and a ketone, 
which he regarded as 4-nitrodiphenyl-4’-aldehyde (m. p. 115—120°) and 4-nitro-4’-acetyl- 
diphenyl (m. p. 90—94°). It is obvious that these compounds are different from those 
described here, which melt respectively at 127° and 152—153°, and from their method 
of preparation it seems highly probable that they are either mixtures or the corresponding 
4:2’-isomerides. This confusion has been definitely proved for Kuhling’s “ 4-nitro-4’- 
methyldiphenyl”’ (Ber., 1895, 28, 41; 1896, 29, 166; Kliegl and Huber, zbid., 1920, 58, 
1655; Gomberg and Pernert, J. Amer. Chem. Soc., 1926, 48, 1379), as well as for his 
“ 4-nitrodiphenyl-4’-carboxylic acid ’’ (J., 1932, 1891, footnote), which are actually 4-nitro- 
2'-methyldiphenyl and 4-nitrodiphenyl-2’-carboxylic acid respectively. 

The further nitration of 4-nitrodiphenyl-4’-carboxylic acid has already been described 
(J., 1932, 1892), and for comparison that of 4-nitro-4’-acetyldiphenyl was carried out. 
With fuming nitric acid at 0° 2 : 4’-dinitro-4-acetyldiphenyl was obtained ; at higher temper- 
atures oxidation to 2 : 4’-dinitrodiphenyl-4-carboxylic acid took place as well. 

The nitration of diphenyl-4-carboxylic acid and -4-aldehyde and 4-acetyldiphenyl has 
thus shown that in all three cases, substitution occurs mainly, if not exclusively, at the 
2’- and 4’-positions, just as with 4-nitrodiphenyl, and in no case has any homonuclear 
substitution product been isolated. It has been shown by Baker and Moffitt (J., 1931, 314) 
that the proportions of the isomerides formed in the nitration of an aromatic aldehyde 
or ketone depend to a certain extent on the conditions of nitration, and that in particular 
the presence of concentrated sulphuric acid appreciably increases the proportion of m- 
substitution. Since the nitration of the above diphenyl derivatives was carried out in 
the absence of sulphuric acid, the non-formation of any appreciable amount of homonuclear 
substitution products is the more remarkable. 

Experiments were also carried out on the application of the Friedel-Crafts reaction to 
2- and 4-nitrodiphenyl. Although, e.g., nitrobenzene undergoes extensive combination 
with aluminium chloride, and nitro-compounds in general are not susceptible to the 
Friedel-Crafts reaction, nevertheless it seemed reasonable to expect that these diphenyl 
derivatives might undergo some acylation in the non-nitrated nucleus, if a large excess 
of aluminium chloride were employed. The preparation of 4-nitro-4’-acetyldiphenyl from 
4-nitrodiphenyl and acetyl chloride in the presence of aluminium chloride in over 50% 
yield is now described, as well as the preparation of 2-nitro-4'-acetyldiphenyl from 2-nitro- 
diphenyl in similar manner. The products were identical with those obtained from the 
nitration of 4-acetyldiphenyl, and were further identified by oxidation to the corresponding 
carboxylic acids. 

The Orienting Power of the Phenyl Group.—The phenyl group has long been established 
as belonging to the op-directive class of aromatic substituents, but until recently no 
definite evidence was available with regard to its effect on velocity of substitution. 
Previous qualitative results on the nitration of methyldiphenyls (J., 1932, 1888, 2245, 
2636) have indicated that the phenyl group, like methyl, gives rise to increased reactivity 

towards further nuclear substitution by kationoid reagents. Additional evidence in 
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support of this view is now found in the fact that benzene may be employed with advantage 
as an almost inert solvent, in place of the more usual carbon disulphide, in the preparation 
of 4-acetyldiphenyl from diphenyl by means of the Friedel-Crafts reaction. Diphenyl- 
4-aldehyde has also been prepared from diphenyl in benzene solution (Gattermann, Amnalen, 
1906, 347, 381; Hey, J., 1931, 2476). The close correspondence between the results of 
the nitration of 3-methyldiphenyl (J., 1932, 2245) and those on substitution in 1 : 3- 
diphenylbenzene, recently carried out by Wardner and Lowy (J. Amer. Chem. Soc., 1932, 
54, 2510) and by Cook and Cook (ibid., 1933, 55, 1212), also confirms the analogy between 
the phenyl and the methyl group as activating groups in aromatic substitution. Further, 
the formation of chains of several phenyl groups when diphenyl and its derivatives are 
prepared by the method of Gomberg and Bachmann (J. Amer. Chem. Soc., 1924, 46, 2341) 
and Gomberg and Pernert (ibid., 1926, 48, 1372), as well as their formation from diazotised 
aniline, as described by Gerngross and Dunkel (Ber., 1924, 57, 739), also indicates an 
unusually high reactivity at the #-position to a phenyl group in an aromatic nucleus. 


EXPERIMENTAL. 


Derivatives of 4-Acetyldiphenyl.—4-Acetyldiphenyl has been prepared from diphenyl by 
means of the Friedel-Crafts reaction in carbon disulphide solution (Adam, Aun. Chim. Phys., 
1886, 15, 224; Ferriss and Turner, J., 1920, 1147; Gull and Turner, J., 1929, 498). Better 
results were obtained by using benzene as solvent. Acetyl chloride (50 g.) was gradually added 
to diphenyl (50 g.) in benzene (100 g.) in the presence of aluminium chloride (70 g.) cooled in 
ice water. The reaction proceeded gently and during the later stages the mixture became warm 
and viscous. After several hours, crushed ice and benzene were added, and after separation 
of insoluble material, the benzene layer was washed with dilute sodium hydroxide and with 
water. Evaporation of the benzene left a solid residue to which was added the material 
previously isolated by filtration, and the whole was heated to 230°, 14 g. of practically pure 
acetophenone being collected. The residue (m. p. 110—115°, 45 g.), recrystallised from acetone 
or alcohol, gave pure 4-acetyldiphenyl, m. p. 120—121°. 

Nitration experiments. (a) 4-Acetyldiphenyl was added gradually to fuming nitric acid 
(d 1-50) at 0°. After standing, the product was precipitated by pouring into water, and crys- 
tallisation from aqueous alcohol gave 2 : 4’-dinitro-4-acetyldiphenyl in pale yellow needles, m. p. 
155—156° (Found: N, 9-7. CygH,0;N, requires N, 9-8%). On oxidation by means of 
potassium permanganate, as described below, this gave 2: 4’-dinitrodiphenyl-4-carboxylic 
acid (m. p. and mixed m. p. 256°). 

(b) No action occurred on addition of 4-acetyldiphenyl to a mixture of fuming nitric acid 
and acetic acid, or to nitric acid (d 1-42) at 0°, but on raising the temperature oxidation as well 
as nitration took place. Treatment with nitric acid (d 1-46) at room temperature gave a mixture 
of mono- and di-nitration products. 

(c) 4-Acetyldiphenyl (4 g.) was added gradually to well-stirred nitric acid (100 c.c., d 1-46) 
at —5° to 0°. After 15 mins. the clear solution was poured into water and the precipitated 
solid filtered off. By repeated crystallisation from alcohol two main fractions were obtained : 
(i) m. p. 147—151° (3-2 g.) and (ii) m. p. 86—96° (1-4 g.). Further crystallisation of fraction 
(i) gave pure 4-nitro-4’-acetyldiphenyl (m. p. and mixed m. p. 152—153°), while fraction (ii) 
gave 2-nilro-4’-acetyldiphenyl in small prisms, m. p. 110° (Found : N, 5-75. C,4H,,O3N requires 
N, 58%). The mononitration was quantitative. 

Oxidation. A suspension of 4-nitro-4’-acetyldiphenyl (2 g.) in boiling water was treated 
with potassium permanganate (5 g.), added in 6 portions at }-hour intervals. After 2 hours’ 
further boiling, the mixture was filtered and the filtrate treated with sulphur dioxide. The 
precipitated acid, after crystallisation from alcohol, had m. p. 336—338°, both alone and on 
admixture with 4-nitrodiphenyl-4’-carboxylic acid (J., 1932, 1891). 

Oxidation of 2-nitro-4’-acetyldiphenyl in similar manner gave 2-nitrodiphenyl-4’-carboxylic 
acid, m. p. and mixed m. p. 250° (J., 1932, 1892). 

Nitration of 4-Nitro-4’-acetyldiphenyl.—(a) 4-Nitro-4’-acetyldiphenyl was heated on the 
steam-bath for 10 mins. with fuming nitric acid (d 1-50), and poured into water; the precipitated 
solid, which was soluble in aqueous alkali, gave 2 : 4’-dinitrodiphenyl-4-carboxylic acid (m. p. 
and mixed m. p. 256°) on crystallisation from alcohol. 

(b) 4-Nitro-4’-acetyldiphenyl (5 g.) was added to well-stirred fuming nitric acid (100 c.c., 
d 1-50) at 0°, and after 1 hour the clear solution was poured into water. Crystallisation of the 
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precipitated solid from aqueous alcohol gave 2: 4’-dinitro-4-acetyldiphenyl (m. p. and mixed 
m. p. 155—156°). 

The Friedel-Crafts Reaction on 4- and on 2-Nitrodiphenyl.—The preparation of 4-nitro-4’- 
acetyldipheny] in small yield from 4-nitrodiphenyl by means of the Friedel-Crafts reaction was 
carried out by Dilthey, Neuhaus, Reis and Schommer (J. pr. Chem., 1930, 124, 124). The 
following conditions have been found to give a yield of 55%. Acetyl chloride (24 g.) was 
added gradually with frequent shaking to a mixture of 4-nitrodiphenyl (20 g.), aluminium 
chloride (80 g.), and carbon disulphide (300 c.c.). No appreciable amount of reaction took 
place until the mixture was heated to 45—50°, at which temperature it was maintained for 
10 hours. The dark-coloured product was poured into water, and the brownish solid which 
separated was filtered off and refluxed with benzene. (Evaporation of the carbon disulphide 
layer in the filtrate left only a trace of residue.) The benzene extract was filtered and dried, 
and on evaporation left a light brown solid (m. p. 145—147°, 14 g.)._ After two crystallisations 
from benzene or alcohol, 4-nitro-4’-acetyldiphenyl was obtained in pale yellow prisms, m. p. 
152—153°, which on oxidation, as previously described, gave 4-nitrodiphenyl-4’-carboxylic 
acid. 

The preparation of 2-nitro-4’-acetyldiphenyl was carried out in the same manner from 
2-nitrodiphenyl] (20 g.). The dark oil (13 g.) obtained from the benzene extract did not solidify. 
By distillation under reduced pressure, a pale yellow oil was collected (b. p. 225—230°/8 mm., 
10 g.), which solidified on cooling. Crystallisation, first from benzene-light petroleum and 
then from aqueous alcohol, afforded 2-nitro-4’-acetyldipheny] in small prisms, m. p. 110°, which 
on oxidation, as already described, gave 2-nitrodiphenyl-4’-carboxylic acid. 

Derivatives of Diphenyl-4-aldehyde.—The aldehyde was prepared by the modification of 
Gattermann’s method previously described (J., 1931, 2476). 

Nitration experiments. (a) Diphenyl-4-aldehyde was added to well-stirred nitric acid 
(d@ 1-46), and the mixture warmed until solution took place. The solid, which separated on 
pouring into water, consisted mainly of 2: 4’-dinitrodiphenyl-4-carboxylic acid (m. p. and 
mixed m. p. 256°). J 

(b) The aldehyde (3-5 g.) was added to well-stirred nitric acid (40 c.c., d 1-46) at —5° to 0°, 
and after 15 mins. the mixture (containing solid in suspension) was poured into water. The 
precipitated solid on crystallisation from alcohol gave two main fractions: (i) less soluble, 
m. p. 125—130° (2-5 g.); (ii) more soluble, m. p. 80—85° (1-2 g.)._ The former fraction appeared 
to be contaminated with a small quantity of a higher-melting impurity, but by repeated crys- 
tallisation 4-nitrodiphenyl-4’-aldehyde was obtained in pale yellow needles, m. p. 127° (Found : 
N, 6:0. C,3;H,O,N requires N, 6-2%). Further crystallisation of fraction (ii) gave 
2-nitrodiphenyl-4’-aldehyde in microscopic crystals, m. p. 101° (Found: N, 6-1. C,3H,O,N 
requires N, 6-2%). On warming the mother-liquors with acetone and a few drops of sodium 
hydroxide solution, there was no indication of the formation of an indigotin derivative. Both 
nitrodiphenyl aldehydes were oxidised by means of alkaline permanganate, as described for 
the oxidation of the nitro-ketones, to give the corresponding carboxylic acids, which were 
identified by m. p. and mixed m. p. 

Derivatives of Diphenyl-4-carboxylic Acid.—Diphenyl-4-carboxylic acid was obtained either 
from the aldehyde, or from 4-acetyldiphenyl by oxidation with alkaline permanganate, as 
described by Gull and Turner (loc, cit.). 

Nitration experiments. (a) Diphenyl-4-carboxylic acid was added to well-stirred nitric 
acid (d 1-46) at —5° to 0°. Since no dissolution took place, the temperature was gradually 
raised until a clear solution was obtained, which was then poured into water. The precipitated 
solid consisted mainly of 2: 4’-dinitrodiphenyl-4-carboxylic acid (m. p. and mixed m. p. 
256°). 

(b) Diphenyl-4-carboxylic acid (4 g.) was added gradually to well-stirred nitric acid (100 c.c., 
d 1-46) at —5°to0°. After 15 mins.’ stirring, water was added, and the precipitated solid filtered 
off and extracted with boiling alcohol. A portion dissolved, the solution yielding 2-nitrodiphenyl- 
4’-carboxylic acid (m. p. and mixed m. p. 250°, 2-1 g.), while the much less soluble residue con- 
sisted of 4-nitrodiphenyl-4’-carboxylic acid (m. p. and mixed m. p. 238—240°, 2-4 g.). The 
ethyl ester of the latter was prepared by heating a solution of the acid in 5% alcoholic hydro- 
chloric acid on the steam-bath for 2 hours. When cold, the crude ester was filtered off, and 
after two crystallisations from aqueous alcohol, ethyl 4-nitrodiphenyl-4’-carboxylate was obtained 
in pale yellow needles, m. p. 112° (Found: N, 5:25. C,;H,,;0,N requires N, 5-2%). 

The standard method of procedure for the mononitration of 4-acetyldiphenyl, diphenyl-4- 
aldehyde, and diphenyl-4-carboxylic acid, viz., treatment with well-stirred nitric acid (d 1-46) 
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at 0° for 15 mins., was also applied to 4- and 2-nitrodiphenyl and to diphenyl] itself. Both 
nitrodiphenyls were quantitatively mononitrated, and the diphenyl quantitatively dinitrated. 
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228. Flame Phenomena of Carbon Monoxide. 
By A. R. J. P. UBBELOHDE. 


SINCE the researches of Dixon (Phil. Trans., 1884, 175, A, 617) much work has been published 
on the effect of hydrogen and water vapour on the combustion of carbon monoxide (for 
recent work and earlier references, see Bawn and Garner, J., 1932, 129; Finch, Proc. Roy. 
Soc., 1931, 184, A, 343; Hinshelwood, Thompson, and Hadman, zbid., 1932, 138, A, 297; 
Bone, Weston, and Winton, 7bid., 1929, 123, A, 285). Most of the experiments have been 
carried out in closed vessels. The present communication describes observations on the 
formation of ozone and hydrogen peroxide in the open flame burning at a jet in oxygen. 
The influence of hydrogen, and of certain metals and salts, on the luminescence in the 
flame is also dealt with. 

In order to obtain large volumes of dry gases, such as are necessary in studying the 
open flame of carbon monoxide in oxygen, the drying agent used must have a low ultimate 
vapour pressure of water, and must absorb the water molecules colliding with it as quickly 
as possible. Phosphoric anhydride is not very suitable, since its most active points 
are used up first of all, leaving a drying agent of uncertain vapour pressure and increasing 
sluggishness. It was therefore decided to use U-tubes, packed with glass-wool to give 
a large surface, and immersed in liquid oxygen. The vapour pressure of any ice formed 
is less than 107! mm., so that the gas issuing from the tubes is very dry indeed. The 
driers are sealed to the combustion apparatus without the intervention of taps or greased 


joints, and experiments showed that water absorbed in the walls of the combustion appar- 
atus was so rapidly removed by the stream of dry gases, that in 5—30 minutes further 
evolution of water from layers deep below the surface of the vessel was too slow to be 
detectable. The convenience and certainty of action of these driers made the detection 
of a mol. fraction of 10-’ of hydrogen in the gases a relatively simple matter. 


EXPERIMENTAL. 


Description of Apparatus.—The main details are shown in Fig. 1. The Pyrex combustion 
chamber P, of diameter 3 cm., is closed at the bottom by immersion in a trough of mercury, 
previously dried by warming. Separate experiments showed that mercury had a negligible 
effect on the carbon monoxide flame at the concentrations carried by the oxygen stream. 
Intensively dried oxygen enters at the two diametricallyeopposed inlets about 2 cm. above 
the mercury surface. The monoxide burns at the silica jet Q, the top of which can be heated 
by passing an electric current through a platinum wire, wound in close contact with the jet, 
and encased in silica to avoid introduction of platinum vapour into the flame. With this 
arrangement, the mixture of monoxide and oxygen came into contact with the coil, whilst it 
was heated to 1200° or more. 

The jet is held in the tightly-fitting Pyrex holder J, which is sealed to the drier D, all paths 
being kept as short as possible to accelerate self-drying. The drier D is tightly packed with 
about 10 g. of glass-wool, giving a total surface of 10‘ sq. cm., and is kept immersed well below 
the surface of liquid oxygen. It could be freed from ice, when necessary, by heating in a current 
of air. Experiments showed that even with carbon monoxide from a water-sealed reservoir 
intensely dry gas issued from D, but to avoid the accumulation of ice both oxygen and carbon 
monoxide were roughly dried over phosphoric oxide before passage through the U-tubes. 
Although various workers have dried gases with liquid air (e.g., Girvan, P., 1903, 19, 236), it is 
essential to provide a large cold surface for the intensive drying of streams of gas. 

Various salts could be placed in the platinum cup R, mounted concentrically with the jet Q, 
and were volatilised into the flame by heating the cup with alternating current. All platinum 
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parts were glowed in oxygen before use to remove traces of dissolved hydrogen. Small cylinders 
of metal foil were inserted into the top of the jet when the influence of various metals on the 
flame was being studied. 

The oxygen and hydrogen used were obtained from cylinders supplied by the British Oxygen 
Company, and the carbon monoxide was prepared by the interaction between pure formic and 
sulphuric acids, and was stored in water-sealed reservoirs, and passed over solid potassium 
hydroxide before use. 

All impurities except the permanent gases are effectively removed in the driers. The 
oxygen contained 1—2% of nitrogen, and direct weighing of the water collected from the 
combustion of 10 litres of dried gases showed that the monoxide and oxygen definitely con- 
tained less than a mol. fraction 2 x 10-* of hydrogen. The concordant results obtained when 
the amount of hydrogen added to the carbon monoxide was less than 10~ show that the actual 
impurity of hydrogen was much less than the smallest amount that could be detected by direct 
weighing. Rate of flow of the gases was measured by the pressure difference at the ends of 
calibrated capillaries, using vacuum-pump oil (vapour pressure 10-7 cm.) as manometer liquid. 
The combustion products issuing at the top of the chamber could be passed over test papers, 
and their composition determined to 0-3% in a simple gas analysis apparatus. The flow of 
intensely dried gases (about 5 c.c./sec.) was found to prevent back diffusion of moisture without 
further precautions. 

Experiments with the Carbon Monoxide Flame.—(a) The self-drying flame. In performing 
an experiment, the carbon monoxide flame is lit in air and inserted in the chamber, which is 
surrounded by an air jacket (not shown) to avoid draughts from irregular cooling of the walls. 
The chamber is gradually immersed in mercury by raising the trough, care being taken to 
avoid sudden changes of pressure, which tend to put out the flame. When the chamber is 
closed, the flame is at first quite small, and the region of luminous combustion begins inside 
the edge of the jet, showing that some oxygen diffuses in. As the water evaporating from the 
walls lessens, the flame begins to lengthen, even though the gas flow is kept constant. The 
bottom of the flame likewise rises, showing that the velocity of combustion at any given con- 
centration of oxygen (which is unaltered by the presence of water) decreases. As self-drying 
proceeds, the bottom of the flame rises to 1 mm. or more above the jet, being separated from 
it by a dark space. Experiments described in the next section show that by adding suitable 
amounts of hydrogen to the monoxide every phase of the self-drying flame can be stabilised. 
In the absence of added hydrogen, self-drying proceeds, and the black space enlarges so much 
round the edge of the jet that the flame goes out. This stage corresponds with a mol. fraction 
of hydrogen of about 10-*® and analysis of the combustion products just before this point 
shows that about 4% of the monoxide escapes unburnt, compared with less than 0-5% from 
the wet flame. 

Since the flame enlarges on drying, the heat of combustion is dissipated over a larger volume 
of gases. In order to test whether the extinction of the flame was not due to this, the jet was 
heated to about 1000°, by passing a current through the wire before the black space got too 
large. This causes the flame to shrink back into the jet; as the additional water supplied from 
the silica diminishes, however, the flame once more enlarges. It now passes through a phase 
of oscillation on the jet, as if the supply of molecules maintaining the flame no longer proceeds 
uniformly from all parts of the jet, leading to irregular impulses on the flame. In one case, 
a region of the jet particularly active in maintaining the flame was found to be abnormally 
devitrified after the experiment, emphasising the connexion between the nature of the jet and 
its ability to start fresh reaction chains. As self-drying proceeds at the heated jet, the dancing 
of the flame becomes more pronounced, and finally the flame goes out. 

If the temperature of the jet is raised at this point, a blue glow surrounds the silica sleeve, 
and increases in size with rising temperature, till the unburnt gas above the jet kindles. A 
large soft flame travels up the chamber, and once the monoxide is kindled, the flame persists 
for some time even if the temperature be again lowered. Examination of this process through 
a small direct-vision spectroscope showed that kindling at higher temperatures is associated 
with the reappearance of the sodium line, which soon again fades. The flame gradually lengthens 
and goes out. 

Under the conditions of the experiment, the stability of carbon monoxide burning in oxygen 
is definitely dependent on the supply of water or other molecules, even with the jet at 1400°. 
At still higher temperatures, a permanent flame may be possible, but the heated platinum will 
not stand the prolonged experiment necessary to make sure that the flame is not changing 
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on further self-drying. Tests with helium showed that it did not maintain a dry monoxide 
flame, so that the effect is not due to high thermal conductivity of the impurity. 

(b) Carbon monoxide flame with added hydrogen. Although the effect of progressive removal 
of water on the monoxide flame is easily demonstrated in the above experiments, a quantitative 
study of the effect of minute amounts of water is hampered by the slow establishment of equili- 
brium with the walls, at any particular concentration. This objection does not apply to minute 
amounts of hydrogen, the effect of which is probably not very different from that of water, 
owing to the establishment of the water-gas equilibrium (cf. Passauer, Z. physikal. Chem., 1932, 
161, 299). Separate tests with intensely dry hydrogen in oxygen showed that sufficient water 

molecules were always formed on the hot silica 

walls to promote the combustion of dry hydrogen 
Analysis in the gas (contrast Smithells, Whitaker, and 
apparatus Holmes, J., 1930, 185, who sparked the dry 
Jest papers gases). 

A small amount of hydrogen was thoroughly 
mixed with carbon monoxide in a calibrated 
gas holder, and the mixture was passed through 
the driers and burnt at the jet, which was 
heated with a constant current. The flow of 
oxygen being kept constant, the height of the 
flame cap above the jet was measured at various 
rates of flow of a given mixture. Measurements 
consistent to 1 mm. were obtained by observing 
the flame in a darkened room, and raising the 
telescope of the cathetometer till the lumin- 
escence at the tip of the pale blue flame was just 
visible above the cross line. The dancing of the 

Flow-meters flame at low hydrogen content facilitates the 
ok observation of faint luminescence, since the 
image falls on fresh patches of the retina. 
Measurements were not recorded till the flame 
had reached constant height, showing that this 
depended on hydrogen content, and not on 
adventitious moisture. In some cases, prelimin- 
ary self-drying with pure carbon monoxide was 
used, to economise the mixture, and a change 
over was made when self-drying was nearly 
complete. After each run, the gas remaining in 
the gasometer was diluted with fresh monoxide, 
and thoroughly mixed, so that the molar fraction 
of hydrogen was finally reduced to 10° or less. 

When all other conditions are kept con- 
stant, the height of the flame is approximately 
proportional to the flow of carbon monoxide. Increase of the oxygen flow, and heating of the 
jet, gives a flame which is smaller, and stable at lower ultimate concentrations of hydrogen. 
This suggests that carbon dioxide interferes with the combustion (cf. Bawn and Garner, /oc. cit.). 
Fig. 2 gives a plot of the height of the flame, for a single rate of flow of monoxide (1*15 c.c./sec.), 
against p, where the molar fraction of hydrogen is 10. Curve I refers to a jet of diameter 
0-46 cm., an oxygen flow of 2-8 c.c./sec., and an expenditure of 18 watts in heating the jet; 
curve II to a jet of diameter 0-65 cm., oxygen flow 2-6 c.c./sec.; curve III, obtained with a jet 
similar to I, is incomplete, but is included to show the limits at which the influence of hydrogen 
can still be detected. Observations at each py, were made at various rates of flow of carbon 
monoxide, and the height at 1-15 c.c./sec. obtained from the straight line drawn through the 
results, in order to obtain increased accuracy. 

Inspection of Fig. 2 shows that as the molar fraction of hydrogen decreases between 107 
and 10°, and from 10 onwards, the height of flame gradually increases. Between a pz, 
of 3 and 5 a critical region is traversed in which the height of the flame increases five-fold. 
This phenomenon probably corresponds with the region observed by Garner and co-workers 
(loc. cit.) in the radiation from carbon monoxide flames travelling down closed tubes, though 
the limits with the open flame are extended to somewhat higher and lower values of p. Observa- 
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tions of the flame in the middle of this region show an inner region of bright luminescence merging 
into a very pale outer one of greater height, the height of the outer region being recorded on 
the graph, since the inner cannot be easily measured. As the molar fraction of hydrogen 
decreases to 10-°, the outer mantle gets brighter, and beyond this concentration the two regions 
are indistinguishable again. This provides visual evidence of two types of monoxide combus- 
tion, with the change over in this critical region, as was also postulated by Garner. 

We may accept as a provisional hypothesis that in the absence of hydrogen excited carbon 
dioxide molecules produced in combustion lose their energy either by radiation or by collisions 
incapable of continuing a reaction chain, but that a sufficient concentration of hydrogen facilitates 
the continuation of a given type of chain. Since the collision interval is of the order 10~" sec., 
and the excited carbon dioxide must collide with hydrogen before losing its energy, if the chain 
is to continue, a critical change in the combustion process where less than 1 collision in 10* 
is with hydrogen indicates that the life of the excited dioxide is of the order 10-7 sec. 


Fic. 2. 
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Further evidence is being obtained on the cause of the second break in the curves, at a 
molar fraction 10-5 of hydrogen. It is remarkable that in this region the height of flame is 
the same for the same flow of carbon monoxide, in spite of the linear velocity through jet I 
being double that through jet II, of larger cross section. It is clear, however, that, with the 
apparatus described, concentrations of hydrogen of 10~? can be detected and estimated in 
carbon monoxide. By mixing in 1% of an inert gas whose hydrogen content is to be estimated, 
measurements are still possible if the initial concentration is above 10°, with the further 
advantage that non-permanent gases, e.g., hydrocarbons, are frozen out in the driers. This 
would appear to be the most sensitive means of estimating small concentrations of hydrogen 
yet available. 

Analysis of the gases issuing at the top of the chamber showed that the proportion of carbon 
monoxide escaping unburnt gradually increased to about 4% as the hydrogen content decreased. 

(c) Formation of ozone and hydrogen peroxide in the flame. The formation of these two 
products in flames of hydrogen and methane has been recently studied by Riesenfeld and co- 
workers (Z. physikal. Chem., 1924, 110, 801; 1928, 139, A, 169), and in the moist carbon monoxide 
flame by von Wartenberg and Sieg (Ber., 1920, 53, 2192). In all cases the ozone is said to be 
formed via hydrogen peroxide. This does not seem to agree with the experiments on the 
monoxide flame with varying moisture content, described below. 
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In order to test whether the ozone was formed by the photochemical action of the radiation 
from the flame on the surrounding oxygen, a slow stream of oxygen was passed through an 
outer jacket fitting round a silica combustion chamber, with the monoxide flame inside. Filter- 
papers soaked in tetra-base (tetramethyldiaminodiphenylmethane) or in alcoholic benzidine 
solution (cf. Mellor, ‘‘ Treatise of Inorganic Chemistry,’ Vol. I, 1922) gave definite tests for 
ozone in less than 2 minutes in the combustion products, and no test in 3 hours in the outer 
stream of oxygen. Ozone is therefore formed from activated molecules in the combustion 
products and not photochemically. 

The rate of colouring of the test papers increases as the gases get drier, and oxides of nitrogen 
are also formed, from the nitrogen in the oxygen. The following table gives the order of 
magnitude of total oxidising products collected over acidified potassium iodide, from the com- 
bustion of 1 litre of carbon monoxide and 3 litres of oxygen, supplied at a constant rate of 
flow (about 1 c.c. and 3 c.c./sec.). 

V. p. of H,O, mm. a . Oo ; ; 12: 
Height of flame, cm ‘ f ‘ : 0° 
Equiv. iodine x 10° ; , 3° 


8 
3 
0 


5 


* Flame unstable. 


In spite of experimental difficulties in collecting all the products, particularly from the drier 
and more unstable flames, these figures show that more oxidising products can be isolated 
from the drier flames. Since these expose a larger surface to the surrounding oxygen, they 
give a greater chance of escape to activated products. The concentration of water molecules 
in the gases dried over phosphoric oxide, which corresponds with less than 2 x 10° mol. of 
water in the 4 litres of gas used, and their duration in the flame would seem to be insufficient 
to account for the formation of 10° g.-equiv. of oxidising products. The amount formed 
round the flame is certainly greater than this, since both hydrogen peroxide and ozone would 
begin to decompose before reaching the collecting vessel, and since the qualitative tests show that 
the amount of ozone is greater for the drier flames, there seems little doubt that ozone is formed 
by the escape of oxygen atoms or activated molecules into the surrounding oxygen, and not 
via hydrogen peroxide. 

Similar remarks apply to the oxides of nitrogen also present. Attempts to stabilise the 
self-drying flame by using ozonised oxygen were unsuccessful, so that the occurrence of ozone 
as an essential step in initiating the combustion process is unlikely. 

(d) Effect of salts on the flame. The flash of sodium luminescence mentioned in section (a) 
led to attempts to kindle the flame, after it had gone out through self-drying, by volatilising 
various salts previously melted in the cup R, and dried by warming in intensively dry oxygen. 
These were all unsuccessful, possibly because the salt molecules reunite to small crystals before 
reaching the combustible mixture. If salts are volatilised into carbon monoxide flames already 
burning, no great effect is visible unless the concentration of hydrogen is below the critical 
value 10%, whereat a striking change is observed. The phenomena are most easily demonstrated 
for cesium chloride, on account of its volatility, and are shown in varying degree by the chlorides 
of sodium, potassium, and rubidium; the effects of iodine and of the iodides of potassium, silver, 
and mercury on the flame were inconclusive, and czsium nitrate seemed to hinder the combus- 
tion of carbon monoxide, possibly on account of the nitrogen peroxide liberated. 

With cesium chloride a characteristic experiment was as follows: the flame of pure carbon 
monoxide burning at a heated jet was inserted in the chamber, and gradually enlarged as self- 
drying proceeded. When the height had reached 1-8 cm., a current was passed through the 
platinum cup containing the chloride, which had previously been melted and partly volatilised 
to drive off water. The flame immediately became brilliantly coloured, and shrank to 0-35 cm. 
When the current was turned off, the flame rapidly enlarged, and shrank again when more chloride 
was volatilised. 

Small pressure changes easily extinguish the small dry flames with czsium chloride, whereas 
if the shrinkage observed were due to water in the salt, the flames would be much more stable. 
Special tests showed that this chloride has little effect on the height, stability, or percentage 
combustion in the moist monoxide flame. Furthermore, if the decrease in size in presence of 
these salts were due to water, the proportion of unburnt monoxide would not exceed 1%. In 
a characteristic case, it changed from 13% in the large ill-defined flame to 12% in the small 
flame with cesium chloride. The effect observed is therefore due to the alkali halide, and not 
to water expelled from the heated salt. 

Observation of the flames in the presence of each of the alkali halides shows that the blue 
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continuous spectrum decreases in intensity, and that a large number of lines are excited. This 
indicates high excitation and probably ionisation of the alkali metal, which seems to play a 
réle similar to that of hydrogen (or water ?) in deactivating excited combustion products before 
these lose their energy by luminescence, or as translational energy. Since the proportion of 
unburnt monoxide does not greatly change in the presence of cesium, the excited alkali atoms 
are less efficient in handing on energy to new molecules of reactant. 

There is no doubt that the decrease in height and blurred appearance of the flame in presence 
of hydrogen or alkali halides is in part due to the scavenging of excited combustion products by 
these substances. Excited atoms emitting the blue cesium lines were, however, observed as 
much as 4 cm. above the flame tip, so that the luminescence phenomena are more com- 
plicated than the above explanation suggests. 

(e) Effect of platinum vapour on the flame. Attempts were made to introduce the vapours 
of platinum, palladium, gold, nickel, copper, silver, and iron into the flame, by inserting 
a small cylinder of the appropriate foil into the heated silica jet. In the absence of hydrogen, 
definite maintenance of luminous flame was observed for platinum only. A possible reason 
for this is that for this metal intense heterogeneous combustion raises the foil to a white 
heat, thus leading to sufficient evaporation of metal atoms. This does not take place with the 
other metals used. 

With platinum, a thin blue flame was observed even when self-drying was complete, and 
all dissolved hydrogen had been removed by prolonged glowing of the metal. Analysis showed 
11:9% of unburnt carbon monoxide in a characteristic case. Increasing the temperature of 
the jet leads to a larger flame at the same rate of flow of monoxide, unlike the effect on flames 
maintained by hydrogen. This is probably due to the greater volatilisation of platinum at 
higher temperatures. Increasing the rate of carbon monoxide leads to an enlarged flame, 
which periodically leaves the jet and travels up the chamber; a tiny flame then reappears at 
the platinum and rapidly grows again. <A black deposit of platinum oxide gradually collects 
at the top of the chamber. 

The blue luminescence of flame obtained in the presence of platinum differs from that in 
the presence of hydrogen, in that it is completely extinguished by traces of caesium chloride, 
and rekindles spontaneously when the chloride in the cup is allowed to cool. Traces of this 
chloride raise the proportion of unburnt monoxide from 11-9 to 31-6% in a characteristic case. 


SUMMARY. 

A method is described for obtaining large volumes of pure gases in a very dry state, 
and the phenomena observed with the self-drying flame of carbon monoxide in oxygen 
are discussed. From the variation in the height of flame with hydrogen content, the 
luminescence is shown to depend in a marked way on the molar fraction of hydrogen, 
when this falls below 10°. A method of estimating concentrations of hydrogen in other 
gases, down to a molar fraction of 10~’, is also suggested. 

Evidence is provided to show that the ozone and oxides of nitrogen appearing in the 
combustion products of carbon monoxide are formed neither by photosynthesis nor from 
the decomposition of hydrogen peroxide. 

The effect of alkali-metal halides and platinum vapour on the luminescent combustion 
of carbon monoxide is shown to differ in several respects from that of hydrogen. 


The author thanks the Reader in Thermodynamics, Mr. A. C. Egerton, F.R.S., for his 
assistance and interest in this work. 
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229. Volume Effects of Alkyl Groups in Aromatic Compounds. Part 
I. Influence of 2: 6-Dinitration on a Group CR,R,Alk. 
By R. J. W. Le FEvre. 


AN inspection of scale diagrams * of compounds (I) and (II) (data from Amn. Reports, 1931, 
402; Dadieu and Kohlrausch, Monatsh., 1931, 58, 428) shows that in (I) interference occurs 
* A scale drawing of (I) is reproduced in a preliminary note in Nature, 1933, 181, 655. 
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between the central carbon atom, its peripheral hydrogen atoms, and the oxygens of the 
nitro-groups, and in (II) between the methyl hydrogen atoms and the halogen atoms. 
Although no overlapping of the methyl carbon atom and the nitrogen atoms of the nitro- 
groups (I), or the chlorine or bromine atoms (II), is indicated, the successful resolution 
of 2: 2’-difluoro-6 : 6’-diamino-3 : 5 : 3’: 5’-tetramethyldiphenyl (J. Amer. Chem. Soc., 
1931, 58, 1575), in which a similar situation exists in that the fluorine atoms do not touch 
the amino-nitrogen atoms (but can collide with the amino-hydrogen atoms), shows that 
inhibition of free rotation of -CR,R,Me in compounds of types (I) and (II) is not impossible. 


CR,R,Me CR,R,Me Me 


NO ‘NO, (Cl, Br)’ \(Br, Cl) R 
NO, JNO, 
CHMe, 


(I.) (IL.) (III.) 


If this were to occur, then all 3 : 5-dinitro-2-substituted-p-cymenes (III) should each 
exist in three geometrically isomeric optically resolvable modifications. The racemic 
isomerides, having the physical differences associated with cis-irans-amphi triads, should 
be readily detectable. 

However, no isomerides have been found for the cases in which R = OH, O-CO-Me, 
O-CO:Ph, Cl, or Br. 4: 6-Dinitrocarvacrol (III, R = OH) was easily obtained by direct 
nitration ; fractional crystallisation of this substance, its acetate, and benzoate (Mazzara, 
Gazzetta, 1891, 21, 157) afforded no separation, and microscopic examination of the various 
crops of crystals revealed no heterogeneity. 

The cases where R = Cl or Br were of particular interest since Fileti and Crosa 
(Gazzelta, 1888, 18, 289; cf. Beilstein, ‘‘ Handbuch,” 4th edtn., p. 425) state that nitration 
of these halogeno-hydrocarbons gave two dinitro-derivatives : a solid and a liquid in each 
instance. Since it was possible that these isomerides were examples of the type sought 
in the present work, the nitrations were repeated on pure specimens specially prepared. 

The halogeno-compounds both underwent nitration by fuming nitric acid to yield 
the solid dinitro-derivatives previously described. These contained labile halogen and 
gave a common /iperidinodinitrocymene with piperidine. Further, these solids were 
formed in practically quantitative yields, and the small amounts of oily material obtained 
from the crystallisation mother-liquors had lower nitrogen contents. No formation of 
isomerides such as Fileti and Crosa describe has therefore been detected. Their results 
can be explained by contamination of their initial 2-halogenocymenes by the corresponding 
3-isomerides, which can only be removed by careful fractionation. They prepared their 
compounds by direct halogenation of #-cymene and do not record any such purification. 

As a verification of the conclusion reached from the use of piperidine, the solid chloro- 
dinitrocymene has been obtained from dinitrocarvacrol by the method used by 
Ladenburg and Engelbrecht (Ber., 1877, 10, 1220) in the analogous case of dinitrothymol : 


Me Me Me 


Cl Cl Pa, OH 
—* No, JNO, * NO, O, 


CHMe, CHMe, CHMe, 


Me Me , Me 
Br Br NC.H 
CO — no, Jno, — xo Nét ” 


CHMe, CHMe, CHMe, 


Both 3: 5-dinitro-2-halogenocymenes behaved as uniform substances on repeated 
crystallisation. 
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Were free rotation of CR,R,Alk prevented by two vicinal nitro-groups, then 2 : 4 : 6- 
trinitro-1 : 3 : 5-triethylbenzene should exist in several geometrically isomeric forms, 
but we found no evidence of heterogeneity on recrystallising our preparation of 
this substance (Gattermann, Fritz, and Beck, Ber., 1899, 32, 1124) from dilute alcohol. 

At the outset it was hoped to investigate the commercial artificial musks for restric- 
tion of free rotation of the ¢ert.-butyl group by attempting optical resolution of suitable 
derivatives. Neither of the nuclear methyl groups of ‘musk xylol” (IV), however, 
could be oxidised to carboxyl groups. Aromatic aldehydes (e.g., benzaldehyde, salicylalde- 


Me NO, COMe OMe 


NO,f ‘NO, Me’ ‘Me Me” ‘Me NO,“ ‘NO, 
Me _)cMe, MeCO. JNO, NO, JNO, Me\ CMe, 
NO, CMe, CMe, NO, 
(IV.) (V.) (VI.) (VII.) 


hyde, piperonal, vanillin) would not condense with (IV) (to give an oxidisable stilbene) 
under the conditions (8 hours’ heating at 180° in presence of a trace of piperidine) which 
suffice to transform 2 : 4 : 6-trinitrotoluene into trinitrostilbene (Ullmann and Gschwind, 
Ber., 1908, 41, 2291). ‘‘ Musk ketone ” (V) was unaffected by boiling sodium hypochlorite 
solution, did not give indigotin with o-nitrobenzaldehyde (Le Févre and Pearson, /. Soc. 
Chem. Ind., 1932, 51, 433), and was but slightly destroyed by potassium permanganate 
or chromic acid in acetic acid. 

In view of the conclusion of Tschitschibabin (Bull. Soc. chim., 1932, 51, 1436) that this 
compound has the structure (VI), work on it was discontinued, since the resulting acid, 
even if rotation of —-CMe, were restricted, would have a plane of symmetry and thus be 
optically inactive. 

Demethylation of ‘“‘ musk ambrette ”’ (VII), with a view to the synthesis of esters contain- 
ing optically active acyloxy-groupings, also failed. Boiling piperidine reacted slowly to give 
the piperidino-derivative, whereas with 2:4: 6-trinitroanisole its reaction is violent, 
indicating that (VII) is very inert. 

The chemical inertness of (IV), (VI), and (VII) is surprising. In contrast, it is now 
shown that 2:4: 6-trinitro-m-xylene condenses readily with benzaldehyde under the 
conditions used above with (IV). The reactions essayed with (IV) and (VII) depend 
upon the combination of the activating nitro-groups with the reagent (Kenner, J., 1914, 
105, 271; Powell and Dehn, J. Amer. Chem. Soc., 1917, 37, 1717; Marcellino, Giua, and 
Curti, Gazzetta, 1920, 50, 50; Brewin and Turner, J., 1928 334), but when all six positions 
of the benzene ring are filled, this addition is hindered. The non-interaction of benzalde- 
hyde with trinitromesitylene or 2 : 4 : 6-trinitro-1 : 3 : 5-triethylbenzene under the condi- 
tions used with (IV) is in accord with this explanation. Deactivation should be, and is, 
especially marked when one of the groups is exceedingly large, e.g., the CMeg radical in 
the artificial musks. 

EXPERIMENTAL. 


Purification of Carvacrol.—All carvacrol used in these experiments was completely soluble 
in alkali and had been prepared from an Origanum oil imported from Asia Minor. It did not 
freeze at —20° and distilled over the range 230—240°. It appeared likely (Gildemeister, ‘‘ The 
Volatile Oils,” 1916) that the chief impurity was thymol (b. p. 233°). Purification was effected 
by repeated partial freezing (carbon dioxide and ether), draining, and melting. After four 
tepetitions of this process, about one-fifth of the original oil remained; m. p. ca. —1° (Jahns, 
Ber., 1882, 15, 817, gives 0-5—1-0°). 

Carvacryl methyl ether. The following is easier than the method of Paterno (Gazzetta, 1881, 
5, 20). Methyl sulphate (72 c.c.) was added, 5 c.c. at a time, to a solution of sodium hydroxide 
(30 g.) in water (210 c.c.) containing carvacrol (90 g.), the temperature being kept below 50°. 
The whole was then heated on the steam-bath for 2 hours. Dilution with water, etc., gave the 
methyl ether (84 g.), b. p. 215—216°/757 mm. (Paterno, 216-8°/761-3 mm., corr.). 

Carvacryl p-nitrobenzoate. To carvacrol (15 g.) in ethyl alcohol (250 c.c.) with sodium 
hydroxide (8 g.), p-nitrobenzoyl chloride (17 g.) was added, and the mixture heated for 1 hour. 
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Dilution with water, extraction with light petroleum (b. p. 40—60°), etc., gave an oil which 
solidified after some months; it crystallised from dilute alcohol as plates, m. p. 50° (Found: 
N, 4:8. (C,,H,,0O,N requires N, 4-7%). 

Carvacryl acetate. Carvacrol (71 g.) and acetyl chloride (120 c.c.) were refluxed together 
for $ hr. and then distilled. On redistillation the acetate had b. p. 242°/756 mm.; yield, 65 g. 
(Paterno, Ber., 1875, 8, 71, gives b. p. 245-8°/758-3 mm.). 

Dinitration of Carvacrol.—A solution of carvacrol (5 g.) in acetic acid (50 g.), as cold as was 
consistent with the solvent not freezing, was nitrated by the addition of nitric acid (d 1-42, 
10 c.c.) in acetic acid (25 c.c.) during 1 hour. Dilution with ice—water gave a thick oil which 
solidified over-night, m. p. (crude) 113—116° (yield 5 g.). Repeated recrystallisation from 
light petroleum failed to raise the m. p. above 121—122° (Found: N, 12-0. Calc. for 
Cy9H,,0;N,: 11:5%). The highest recorded m. p. is 117° (Mazzara, Gazzetta, 1890, 20, 185). 

4: 6-Dinitrocarvacryl acetate (Mazzara and Plancher, Gazzetta, 1891, 21, 157) had m. p, 
74—75° after repeated recrystallisation from ligroin (lit. 72—73°) (Found: N, 10-0. Calc, 
for C,,H,,O,N,: N, 99%). Similar results were obtained with the benzoate (idem, ibid.), the 
m. p. being 100—101° instead of 98—100°. 

Nitration of 2-Chloro- and 2-Bromo-cymenes.—The halogeno-compound (10 g.) was added 
to nitric acid (d 1-5, 100 g.) cooled below 0°. The mixture was at once poured on ice, and the 
solid separated. Yields of crude products: 10-2, 10 g.; m. p.’s 98—100°, 85—-90° respectively, 
Recrystallisation from dilute methyl alcohol gave 8-5 g., m. p. 109—110°, and 9 g., m. p. 96—97° 
(Fileti and Crosa, Joc. cit., give m. p. 95—96° for the latter compound). 

3 : 5-Dinitro-2-piperidino-p-cymene.—The halogeno-nitrocymenes (1 g.) were heated with 
piperidine (10 c.c.) for 1 hour; after being worked up as usual and crystallised from dilute alcohol, 
the product formed bright yellow needles, m. p. 123—124° (Found: N, 13-8. C,;H,,0,N, 
requires N, 13-7%). 

Attempted Oxidation of ‘“‘ Musk Xylol.’’—Ordinary reagents having failed, the following 
was tried: musk (10 g.) was added to chromic anhydride (14 g.) in sulphuric acid (80 c.c.). 
A gentle reaction started at 60°, but after 2 hours, dilution, etc., afforded largely unchanged 
material. Above 60° the reaction becomes explosive. 

Condensation of Benzaldehyde and 2: 4: 6-Trinitro-m-xylene-—A mixture of benzaldehyde 
(10 c.c.) and the nitro-compound (5 g.) became warm on addition of a few drops of piperidine. 
After 1 hour’s boiling the crude mass was extracted with alcohol. The solid residue of 2: 4: 6- 
trinitro-1 : 3-distyrylbenzene, on crystallisation from acetic acid, formed yellow needles, m. p. 
145—146° (Found: N, 10-2. C,,H,,O,N, requires N, 10-1%). 

Interaction of Piperidine and ‘‘ Musk Ambreite.”—When the musk (2 g.) and piperidine 
(6 c.c.) were mixed they slowly became yellow, and reaction was completed by 14 hours’ heating 
on the steam-bath. After the usual treatment, the piperidino-derivative formed daffodil- 
yellow needles, m. p. 184° (Found: N, 14-7. C,gH,,O,N, requires N, 15-3%), from alcohol. 

UNIVERSITY COLLEGE, UNIVERSITY OF LONDON. [Received, May Sth, 1933.) 





230. Volume Effects of Alkyl Groups in Aromatic Compounds. 
Part II, Influence of a Group CR,R,Alk on Vicinal Substitution. 
By R. J. W. Le FEvre. 


In current theories of benzene substitution, the chief factor conducive to reaction at any 
position is considered to be electron availability at that point. Such an hypothesis is 
satisfactory for cases where the orienting radicals are small or where powerful polar effects 
enter, but where the latter are weak, e.g., as in alkyl groups, it appears to be insufficient. 

This is indicated a priori as follows: It is reasonable to assume (1) that the effective 
reagent in a substitution does not occupy a smaller volume than the group which Is 
eventually installed in place of hydrogen, and (2) that, ultimately, the proportions of 0-, 
m-, and p-products formed by substitution of a benzene derivative CgH;X depend upon 
the numbers of successful collisions between the reagent molecules and the o-, m-, and 
p-carbon atoms. Scale drawings of compounds (I) and (II) (Part I, preceding paper) and 
similar substances at once give point to the neglected views of Kehrmann (Ber., 1890, 23, 
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130) on the connexion between the bulk of a substituent and its orienting power. Thus, 

CR.R.Me during the substitution of (A), attack by reagent molecules at the 3: 5- 

12° positions might be impeded by the freely rotating CR,R,Me radical. The 

absolute number of reagent molecules colliding with these positions may be 

less than those colliding at 2- or 6- and/or some of the reagent molecules 

may succeed in penetrating to the 3:5-carbon atoms only after a pre- 

liminary collision. In the last case, their kinetic energies being reduced, 

the threshold energy of activation necessary for substitution is likely to be attained less 
frequently than among the more direct collisions occurring at positions 2 and 6. 

The net consequence will be a depression of substitution o0- to the radical CR,R,Me in 
favour of other positions where substitution may be able to occur by default; 7.e., the 
order of diminishing o-directive powers will therefore be Me>Et>Pr>Bu, etc., in dis- 
agreement with the sequence required by electronic theories, viz., Me<Et<Pr, etc.* 
(compare Allan, Oxford, Robinson, and Smith, J., 1926, 401). Such anomalies must be 
expected with all alkyl substituents larger than methyl. 

The available relevant experimental evidence is mainly qualitative : 1-methyl-4-ethyl- 
benzene gave the 2-bromo-derivative on bromination (Remsen and Morse, Ber., 1878, 11, 
225); p-cymene (l-methyl-4-isopropylbenzene) gave the 2-derivative only on sulphon- 
ation (Jacobsen, Ber., 1879, 12, 431), chlorination and bromination (Vongerichten, Ber., 
1877, 10, 1249; Landolph, Ber., 1872, 5, 267; Fittica, Annalen, 1874, 172, 311; Remsen 
and Day, Amer. Chem. J., 1883, 5, 150), and nitration (Séderbaum and Widman, Ber., 
1888, 21, 2126; Widman and.Bladin, Ber., 1886, 19, 583; Andrews, J. Ind. Eng. Chem., 
1918, 10, 453; Aschan, Chem. Zenir., 1919, i, 226). m-Cymene (1-methyl-3-csopropyl- 
benzene) gave the 6-derivative on sulphonation, bromination, and nitration (Kelbe, Ber., 
1882, 15, 40; Kelbe and Warth, Annalen, 1883, 221, 161; Miiller, Ber., 1909, 42, 431). 
isoPropylbenzene apparently yields a greater amount of f-nitro-derivative on nitration 
(Constam and Goldschmidt, Ber., 1888, 21, 1157) than does n-propylbenzene (Schultz, 
Ber., 1909, 42, 3614). ert.-Butylbenzene is stated to form the 4-nitro-compound alone 
(Malherbe, Ber., 1919, 52, 319). In none of the above cases is the yield quoted. 

Vavon and Callier (Bull. Soc. chim., 1927, 41, 357), however, describe the nitration of 
isopropylbenzene as proceeding 14°% ortho and 86% para, in contrast to that of ethyl- 
benzene (54° o- and 45% #-; Cline and Reid, J. Amer. Chem. Soc., 1927, 49, 3150) and 
toluene (58% o- and 37% f-; Ingold, Lapworth, Rothstein, and Ward, J., 1931, 
1959). 

In p-cymene Me and Pr will compete during a substitution. On electronic theories, 
the latter group—in which the normal + J effect of methyl is reinforced by disubstitution 
of methyl—might be expected to surpass methyl alone as a promoter of o-substitution. 
Existing physical evidence suggests that it should at least equal the methyl group in this 
respect. The electric dipole moment of a molecule is a measure of the permanent inductive 
(I) electronic drift. It is therefore of interest here to know the value of » for p-cymene, 
since this will indicate (ugq, being opposed to up,») which of the alkyl groups has the 
larger +- J effect and hence which will activate its ortho-positions the more. 

From various data (Landolt and Jahn, Z. physikal. Chem., 1892, 10, 289; Nernst, 
ibid., 1894, 14, 622; Wied. Ann., 60, 600) Upcymene Can be evaluated as 0-1 x 1078 e.s.u., 
ie., effectively zero—indicating that wy, =p». Therefore p-cymene should give on 
monosubstitution equal amounts of the 2- and the 3-isomeride, whereas (see above) it is 
stated to give exclusively the former. 

Because of the closeness of b. p. and other properties between the 2- and the 
3-halogeno-p-cymenes and the fact that nitration is said to give considerable oxidation, 

* The fact that in catechol and quinol ethers the smaller groups cause the greater o-nitration is 
possibly due to the greater shielding action of larger groups on the ethereal oxygen atoms. o0-Substitu- 
tion in these compounds occurs mainly by operation of a + T mechanism, and this cannot develop 
fully when the kationoid reagent molecules are in propinquity to the side of the oxygen atom remote 
from the nucleus. Hence OMe appears to be a weaker o-directive group than OEt. There are signs 
that the saturation effect, required by this explanation (effective screening not improved by further 
increase in the volume of the alkyl), occurs after OPr8, 


3T 
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these experiments have been repeated, and yields of pure products measured. The 
homogeneity of the preparations was assured in the three processes as follows: (1) Nitra- 
tion in each case gave a known (solid) dinitro-derivative in practically pure condition. 
(2) The carboxylic acid formed from the bromination product, via the corresponding 
Grignard compound and carbon dioxide, was different from the acid obtained by similar 
procedure from 3-bromocymene (Fileti and Crosa, Gazzetta, 1886, 16, 292). (3) By the 
reduction of the mononitro-p-cymene an aminocymene was obtained, from which, by 
Sandmeyer’s reaction, a monochlorocymene was prepared; this gave (i) on dinitration, 
the same chlorodinitro-p-cymene as that formed from the direct chlorination product, and 


CH, CH, CH, 
NO, Br 
— =a 


HMe, HMe, HMe, 


|>ax | 


CH, CH, CH, CH, 


N H, ca, 80% Cl quantitative Cl no 4a NC;H 10 
ree re a — NO, NO, quantitative NO, NO, 


HMe, HMe, CHMe, CHMe, 


(ii) on treatment with piperidine, 3 : 5-dinitro-2-piperidino-f-cymene (see Part I) in quan- 
titative yield. The yields obtained are tabulated below. 


2-Substitution in p-cymene (1-methyl-4-isopropylbenzene). 
268 G. of cymene submitted to :— Nitration. Chlorination. Bromination. 
Total wt. of crude material isolated, g. ............ 290 318 376 
Unchanged cymene recovered, g. ........seeeeeeees — 1 19 
Theor. wt. for monosubstitution, g. .............+. 338 396 
Wt. of pure 2-substituted p-cymene, g. 2 200 214 
Yield in total isolated, % 63 57 
Yield on p-cymene used, % ‘ 59 54 

The last line shows a minimum estimate of the amount of 2-derivative obtained in 
the experiment named; the actual 2-substitution is certainly greater in each case. 
Hence, methyl appears to possess a greater o-directive influence than isopropyl: on pure 
electronic theories the reverse should be the case. 

No attempts have been made to estimate the concurrent 3-substitution : in nitration, 
this is evidently small. If the assumption is justifiable that the velocities of nitration of 
toluene, ethylbenzene, and zsopropylbenzene are approximately the same—the values of 
their dipole moments show this to be probable—then, from figures cited earlier, the 
results of nitration of f-cymene can be calculated as 91% of 2- and 9% of 3-nitro- 
derivatives (for p-ethyltoluene the corresponding figures are 57°/, o- to methyl and 43% 
o- to ethyl). If oxidation could be avoided, it is believed that yields of this order would 
be achieved. 

EXPERIMENTAL. 


Purification of p-Cymene.—Commercial p-cymene, after standing over sodium wire for | 
week, was fractionated through a Dufton column. The b. p. rose steadily from 177° to 179°. 
Such a sample was partially frozen by addition of fresh liquid air after a preliminary cooling 
with solid carbon dioxide and ether. Drainage was easily performed by inversion of the 
Dewar flask. About one-third of the material was discarded. The cymene was redried over 
sodium before use. 

Chlorination of p-Cymene.—The total chlorine obtainable from potassium permanganate 
(260 g.) and excess hydrochloric acid was slowly passed through water-cooled p-cymene (268 g.) 
containing a little iodine (Vongerichten, Ber., 1877, 10, 1249). The product was washed 
successively with water, aqueous sodium carbonate, sodium thiosulphate, and water, and dried 
(calcium chloride), and then fractionated through a long Dufton column: up to 175°, | g.; 
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187—195°, 1l g.; 195—210°, 13 g.; 213—215°, 217 g.; 220—240°, 45 g.; residue, 10 g. The 
main fraction on redistillation gave 200 g., b. p. 213—214°/764 mm. 

Bromination of p-Cymene.—Bromine (344 g.) was added gradually to cymene (268 g.) con- 
taining iodine (2 g.) (water cooling). When the evolution of hydrogen bromide slackened, 
the flask was warmed on the steam-bath to complete the reaction. Water was then added, and 
the reaction product worked up as described for the chloro-analogue. Fractionation afforded : 
b. p. 170—180°, 19 g. (p-cymene); 180—228°, 10 g.; 229—230°/765 mm., 214g.; 230—231°, 
57 g.; residue, about 15 g. 

3-Bromocymene.—Phosphorus tribromide (45 g.) was treated with bromine (26 g.) (cooling). 
Thymol (100 g.) was then added, and the mixture boiled under reflux for 3 hours. The product 
slowly obtained by steam distillation was washed, dried (calcium chloride), and collected at 234— 
235°/761 mm. (Fileti and Crosa, loc. cit., quote b. p. 232—233°/741 mm.). 

p-Cymene-2-carboxylic Acid.—2-Bromocymene (4:2 g.) was added to magnesium (0-5 g.) 
(previously activated with methyl iodide) in anhydrous ether (80 c.c.). The metal dissolved 
slowly. Anisole (40 c.c.) was then added and the solution boiled so that the bulk of the ether 
was lost. Through the gently boiling solution a slow stream of carbon dioxide was passed 
(3 hours). Then, after cooling, the dark solution was treated with dilute sulphuric acid 
and ice, etc. The anisole layer was shaken cautiously with sodium carbonate solution, 
acidification of which produced the acid, m. p. ca. 65°. After crystallisation from dilute 
alcohol, it had m. p. 70° (Found: C, 73-8; H, 7-9. Calc. for C,,H,,0,: C, 74:2; H, 7-8%) 
(Claus, J. pr. Chem., 1891, 43, 138, records m. p. 69°). 

p-Cymene-3-carboxylic Acid.—This was obtained essentially as described for the 2-analogue. 
After crystallisation from much water, the acid formed needles, m. p. 82—83° (Found: C, 
74-0; H, 7-7. C,H sO, requires C, 74-2; H, 7-8%). 

A mixture of approximately equal parts of the 2- and the 3-acid had m. p. ca. 40°. 

Mononitration of p-Cymene.—A mixture of nitric acid (55 g., d 1-42) and sulphuric acid 
(150 g.) was added during 3 hours to p-cymene (67 g.) in sulphuric acid (170 g.) and acetic 
acid (40 g.), the temperature being kept below — 3°. Mechanical stirring was continued for 
} hour, after which the mixture was poured on ice, separated with light petroleum (b. p. 40— 
60°), the extract washed with N-sodium hydroxide, and then with water. After removal 
of the solvent, steam was blown through, and the first condensate collected separately. 
Shaking with an excess of 2: 4-dinitrophenylhydrazine in 2N-hydrochloric acid afforded an 
orange-red precipitate, m. p. 252—253° (raised by admixture with similarly prepared authentic 
p-methylacetophenone-2 : 4-dinitrophenylhydrazone, m. p. 259—260°). 

The remaining yellow oil, which slowly distilled during 6 hours, was extracted with carbon 
tetrachloride, dried over calcium chloride, and fractionated in a vacuum. The main bulk 
(63 g.) had b. p. 149—150°/24 mm. (Found: N, 7-8. Calc. for CjgH,,0,N : N, 7-82%). 

Dissolution of a small specimen in nitric acid (d 1-5) at —15°, followed by immediate 
addition to ice, gave a dinitro-p-cymene, m. p. 53—54° (Found: N, 12-8. Calc. for 
CipH ,.O,Nq: 12°5%). 

Reduction. 2-Nitrocymene (51 g.) was added to previously activated iron powder and 
water (Fe, 200 g.; H,O, 150 c.c.), and the well-shaken mixture heated on the steam-bath for 
8hours. After addition of water, steam distillation and extraction of the distillate with light 
petroleum (b. p. 40—60°, dried with sodium sulphate), etc., afforded the amine (38 g.), b. p. 
233—234°/761 mm. 

2-Chloro-p-cymene.—A suspension of the hydrochloride produced by cooling a warm solution 
of 2-aminocymene (45 g.) in concentrated hydrochloric acid (150 c.c.) was diazotised at 0° with 
sodium nitrite (21 g.) in the minimum quantity of water. The resulting solution was added 
to a concentrated hydrochloric acid solution of the cuprous chloride from sodium chloride 
(100 g.). Steam distillation of the mixture slowly produced 2-chloro-p-cymene, which, when 
worked up, weighed 40 g. 

Nitration.—This, and the reaction with piperidine, were performed as described for the 
chlorination product (Part I, p. 980). Identities of products were established by mixed m. p. 

[Note, added July 5th, 1933.]—In view of the possibility of contamination of the 2-nitro- 
p-cymene with the hitherto undescribed 3-compound (cf. Chem. and Ind., 1933, 52, 505) the 
following additional experiments are recorded in confirmation of those above. 

(2) The 2-aminocymene, when added to concentrated hydrochloric acid, formed. white 
plates of the hydrochloride, m. p. 209—212° (crude) and 210—212° after two crystallisations 
from dilute hydrochloric acid (Wallach, Annalen, 1894, 279, 368, gives m. p. 207°). 

(6) The crude acetamido-derivative had m. p. 65—70°, raised by two crystallisations 
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from dilute alcohol to 70—71° (Wallach, Joc. cit., gives 71°). The 3-isomeride has m. p. 115° 
(Lloyd, Ber., 1887, 20, 1262). 

(c) The azo-8-naphthol derivative had m. p. (crude) 122—125°. Crystallisation from dilute 
acetic acid afforded scarlet plates, m. p. 131—132° (Found: N, 9-3. C,,H,ON, requires 
N, 9-2%). 

(d) Diazotisation of 2-aminocymene sulphate in aqueous suspension, followed by steam 
distillation, gave, after extraction of the distillate with ether, etc., an oil which was nearly all 
soluble in aqueous sodium hydroxide. The alkaline solution was acidified with carbon dioxide, 
the precipitated oil re-extracted, and distilled. The fraction, b. p. 232—238°, represented a 
yield of 80% on the amine taken. The substance was identified as carvacrol by preparation 
of the p-nitrobenzoate, m. p. 50°, after recrystallisation from dilute alcohol (Found: N, 
4-9. Calc. for C,,H,,0O,N : 47%). 
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231. The Mechanism of Aromatic Rearrangements. Part II. The 
Benzidine Change. 
By C. K. InGotp and H. V. Kipp. 


INDICATIONS have frequently been obtained that the numerous formally similar rearrange- 
ments 


- _ Cl, OH, NH,, NO,, SO,H, 
ee ee eran [x = Alk, NHAr, N,Ar, etc. | 


are by no means analogous in mechanism. The most completely investigated example is 
the chloroamine rearrangement (X = Cl), which has been shown (Wegscheider, Monatsh., 
1897, 18, 329; Orton and Jones, J., 1909, 95, 1456; Orton, Brit. Assoc. Reports, 1904, 85; 
Orton and King, J., 1911, 99, 1369; Bradfield and Orton, J., 1928, 998) to be definitely 
intermolecular and to depend upon the intermediate production of an ordinary substituting 
agent, viz., chlorine : 


C,H,-NCIR + HCl == C,H,*NHR + Cl, —> (0- or p-)Cl-C,H, NHR + HCl. 


A similar mechanism probably applies to the rearrangement of diazoaminobenzenes, 
although the evidence in this example is less satisfactory. In another group of cases 
(e.g., X = NO,,SO,H,Alk) the situation appears to be ambiguous. Thus, in the example 
of the nitroamine rearrangement, the conclusion reached after a long series of investigations 
(Bamberger, Ber., 1893, 26, 471; 1894, 27, 359; 1897, 30, 1248; Orton, J., 1902, 81, 807; 
Orton and Smith, J., 1905, 87, 389; 1907, 91, 146; Orton and Reed, Brit. Assoc. Reports, 
1907, 101; 1909, 147; Orton and Pearson, J., 1908, 93, 725; Bradfield and Orton, J., 
1929, 915) is that an intramolecular process plays the important réle, although the trans- 
ference of the nitro-group from a nitroamine to a foreign aromatic nucleus has been realised. 
The hypothesis may be entertained that, in the presence of acids, the nitroamine itself 
effects nitration and thus in favourable circumstances may undergo rearrangement by an 
intermolecular method, although without the formation of any simple substituting agent 
by prior decomposition of the side chain. The experiments described in this paper make 
it certain that a third group of cases exists, in which rearrangement is unequivocally 
intramolecular. An indication that the isomerisation of phenylhydroxylamine belongs to 
this category was previously obtained by Ingold, Smith, and Vass (Part I;* J., 1927, 
1245), who, despite many attempts, failed to realise the transference of the hydroxyl 
group from an arylhydroxylamine to the aromatic nucleus of a foreign amine or phenol. 
However, owing to the large number of side reactions which accompany the isomeric 
transformations of arylhydroxylamines, the case for an intramolecular mechanism could 
not be conclusively established. In the reaction now treated, viz., the benzidine rearrange- 
ment, these difficulties can be avoided, and accordingly the demonstration of mechanism 
may be rendered more complete. 
* Part I of this series was published under another title. 
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The method applied was to carry out, in the same homogeneous solution, two benzidine 
transformations (I) —-> (III) and (II) —~ (IV), which must be selected to fulfil certain 
conditions considered below. If two molecules of (I) are concerned in the production of 
a molecule of (III), and if, similarly, two molecules of (II) yield the parts which compose 
a single molecule (IV), then (the conditions referred to above being supposed satisfied) it 
follows that the two simultaneous reactions should be accompanied by a third in which a 
molecule of (I) and a molecule of (II) are together involved in the formation of (V). In 
this event, the product of the simultaneous reactions would be a ternary mixture of the 
benzidines (III), (IV), and (V). On the other hand, if only a single molecule of (I) is 
required for the production of a molecule of (III), and if a similar statement applies to the 
conversion of (II) into (IV), the product of the simultaneous reaction would be a binary 
mixture of the benzidines (III) and (IV). The presence of a third substance in a binary 
mixture of two known substances is readily detected by the use of the mixed melting-point 
diagram. 


(1, eMC —> NH a ><a > A SNH, (IIL) 
(?) —> NH A ~< B NH, (v,) 


(11) (2 SNHNH( 8 > Bey 9 » avy 


It was necessary first to find a series of hydrazobenzene derivatives which would undergo 
the benzidine conversion without a simultaneous semidine change, and attention was first 
directed to 2:6: 2’ : 6’-tetra-substituted hydrazobenzenes in which an ortho-linking of 
aromatic nuclei is structurally precluded. It was found, however, that certain readily 
accessible 2 : 2’-di-substituted hydrazobenzenes do not exhibit the semidine transformation . 
to an appreciable extent, and the main series of observations was therefore made on com- 
pounds of this type. 

Although isomeric transformations other than the benzidine change were thus avoided, 
the conversions were still not quantitative. This was found to be due to the occurrence of 
a side reaction, which our preliminary experiments indicate to have considerable generality. 
It consists in the self-oxidation and reduction of a hydrazo-compound with the formation 
of the corresponding azo-derivative and mononuclear amine. We know of no previous 
record of this reaction, although van Loon (Rec. trav. chim., 1904, 23, 162) observed the 
formation of a mononuclear amine from a hydrazo-compound in the absence of an external 
reducing agent. It was not found possible to avoid this disturbance, and, in the examples 
with which the final series of experiments were performed, it diverted about 25°% of the 
hydrazo-compound from the course of the reaction under investigation. The diversion 
of material is not disadvantageous, but the contamination or loss of rearrangement product 
would entirely vitiate the method, and the difficulty created by the side reaction had 
therefore to be met by proving that the method of isolation employed yielded in a pure 
condition the whole of the benzidine produced. By the method described, the rearrange- 
ment products are separated in a pure state, and, as special observations show, in yield 
corresponding at least to 97° of the quantities formed. 

The condition of homogeneity was satisfied by carrying out the rearrangement by means 
of hydrogen chloride in dry alcohol as solvent with the exclusion of atmospheric oxygen. 

The remaining condition to be fulfilled is that the two hydrazo-compounds (I) and (II) 
must undergo conversion at comparable speeds, for otherwise in the simultaneous rearrange- 
ment one reaction might be substantially completed before the other had effectively com- 
menced, and, in that event, two benzidines only would be formed, whatever the mechanism. 
Measurements indicating the speeds of benzidine conversion have been recorded by Holle- 
man and van Loon (Proc. K. Akad. Wetensch. Amsterdam, 1903, 6, 262) and by Biilmann 
and Blom (J., 1924, 125, 1719), but under conditions corresponding to those of our experi- 
ments on simultaneous isomerisation, it was not possible to obtain satisfactory direct 
measurements of velocity, owing to the rapidity of the reactions. Recourse was therefore 
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had to the competitive method of measuring reaction velocities, and in this way it was 
found that 2: 2’-dimethoxy- and 2 : 2’-diethoxy-hydrazobenzene were a suitable pair of 
substances for the proposed test of mechanism. 

The fusion diagram of the corresponding dimethoxy- and diethoxy-benzidines exhibits 
an abnormality in the neighbourhood usually occupied by a eutectic (see fig.) but the two 
main branches of the curve are sufficiently steep to permit an accurate test of the presence 
of a third substance in a mixture of the two components, the method being to carry the 
experimental mixture down one branch and across to and up the other by the addition of 
successive quantities of one component. The application of this test to the mixture of 
benzidines obtained by the simultaneous conversion of the two hydrazobenzenes showed 
that the product contained two components only. Thus, the conclusion follows that 
before the nitrogen link is severed (a) the 4- and 4’-positions come within each other’s 
sphere of influence in a molecule activated during the formation or decomposition of the 
corresponding hydrazinium kation (cf. Rec. trav. chim., 1929, 48, 811) : 


» ZO ny_npy 4 NSD _ 
(8 +) NH—NH (6 —) 
i a LA \= 


(a) 


EXPERIMENTAL. 


2: 2’-Dimethoxy- and 2: 2’-Diethoxy-hydrazobenzene.—These were made by a modification 
of Starke’s method (J. pr. Chem., 1899, 59, 210) for the preparation of the former. Zinc dust 
(500 g.) was added gradually to a mechanically stirred mixture of o-nitroanisole (250 g.), methyl 
alcohol (1 1.), and water (250 c.c.) containing dissolved sodium hydroxide (365 g.)._ The mixture 
was heated on the water-bath under reflux, and after 3 hours water (250 c.c.) was added, and the 
heating continued. After a further 7 hours, the product was filtered through muslin and the 
residue was washed with water, mixed with water, and filtered through copper gauze, which 
removed the zinc and zinc oxide from the bulk of the coarsely granular hydrazo-compound. 
Further quantities were obtained by diluting the aqueous-alcoholic filtrate and by drying and 
extracting the zinc—zinc oxide mixture with ethyl alcohol, the whole separation being conducted 
as rapidly as possible in order to avert undue atmospheric oxidation. The yield was 90% and 
the product was purified by crystallising twice from alcohol. In the first crystallisation, 10% 
aqueous ammonium sulphide, equivalent to 10 c.c. per litre of ethyl alcohol, was added, and the 
solution filtered from the sulphur, which separated during cooling. The second crystallisation 
was carried out in an atmosphere of nitrogen, and a few drops only of ammonium sulphide were 
added. The faintly yellow substance had m. p. 105° (lit. 102°) (Found: C, 68-6; H, 6-5; N, 
11-7. Calc.: C, 68-9; H, 6-6; N, 11-5%). It gives a red colour with aqueous mineral acids 
and with mercuric chloride, with acetyl chloride and with benzyl chloride, and its solution in 
ethyl alcohol absorbs atmospheric oxygen, yielding 2 : 2’-dimethoxyazobenzene. 2 : 2’-Diethoxy- 
hydrazobenzene was prepared in like manner, using ethyl in place of methyl alcohol. It was 
colourless and had m. p. 90° (lit. 89°) (Found: C, 70-8; H, 7-4; N, 10-4. Calc.: C, 70-6; 
H, 7-4; N, 10-3%), and its properties were otherwise similar to those of the lower homologue. 

Conversion of Hydrazo-compounds into 3: 3’-Dimethoxy- and 3: 3’-Diethoxy-benzidine.— 
Hydrogen chloride was passed into an ethyl-alcoholic solution of either hydrazo-compound 
contained in a vessel, from which the air had been displaced by hydrogen or nitrogen. The 
dihydrochlorides of the dimethoxy- and diethoxy-benzidines were precipitated from the orange 
solution by ether as colourless crystals, which, after being washed with ether containing a small 
proportion of alcohol, had m. p. 272° (decomp.) and 254° (decomp.) (Found : for the ethoxy- 
compound : C, 55:3; H, 6-6; N, 7-7; Cl, 20-4. Calc.: C, 55-7; H, 6-4; N, 8-1; Cl, 20-6%), 
and on basification with ammonia gave 3: 3’-dimethoxybenzidine, m. p. 138°, m. p. after 
crystallisation from alcohol containing a little ammonium sulphide 138° (Found: C, 68-9; 
H, 6-6; N, 11-6. Calc.: C, 68-9; H, 6-6; N, 11-5%), and 3: 3’-diethoxybenzidine, m. p. 
119°, m. p. after crystallisation from the same solvent 119° (Found: C, 70-9; H, 7-4; N, 10:5. 
Calc. : C, 70-6; H, 7-4; N,10-3%). These compounds have been described as becoming coloured 
in air, but our preparations were completely stable in air in the absence of acids, and their 
m. p.’s are appreciably higher than those previously recorded (131-5° and 117° respectively). 
In both cases the yield was 73% and the mother-liquors yielded 12 mols. % of 2 : 2’-dimethoxy- 
or 2: 2’-diethoxy-azobenzene and a quantity of o-anisidine or o-phenetidine. The 2: 2’-di- 
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methoxyazobenzene, m. p. 154—155° (Found: C, 69-8; H, 5-9. Calc.: C, 69-4; H, 5-8%), 
and 2: 2’-diethoxyazobenzene, m. p. 130—131° (Found: C, 71-2; H, 6-7. Calc.: C, 71-1; 
H, 6-6%), were each identified by mixed m. p.’s with authentic specimens. The efficiency of the 
method of isolation of the benzidines was checked by repeating the manipulation of conversion 
and separation, after combining the isolated benzidines with their by-products or with artificial 
mixtures corresponding to their by-products. Yields of 97—98% of either original benzidine 
were recovered. 

Fusion Diagram of 3: 3’-Dimethoxy- and 3: 3’-Diethoxy-benzidine.—The ordinary method 
of plotting this diagram was not available, as the substances undergo some decomposition on 
fusion, becoming coloured. The samples of the components were therefore weighed and ground 
together for 15 mins., which was found sufficient to ensure consistent m. p.’s. The m. p.’s were 
taken in a capillary tube with continuous stirring both of the material and of the bath. The 
temperature at which the melt became clear could be read and reproduced to 0-1°. The data 
tabulated below and shown in the fig. are each the result of concordant triplicate determinations. 
The temperatures are uncorrected, but were measured with the thermometer and under the 
conditions used for the experiments on simultaneous isomerisation and for those on the relative 
velocities of the two interconversions. The percentages tabulated represent proportions by 
weight of the dimethoxybenzidine. 


TABLE I. 


Percentage. M. p. Percentage. M. p. Percentage. M. p. Percentage. M. p. 
0-0 118°6° 28°8 109°9° 19-0 110°4° 47°9 115-°6° 
55 116°1 32°6 109°4 19°7 108°5 57°1 121°8 
9°2 114°6 345 109°4 21°8 109°3 67°5 126°7 
13°2 112°8 35°4 109°5 23°1 109°2 773 130°2 
15°7 111-7 37°2 109°1 26°6 109°3 88°4 134°5 
18°5 110-9 37°9 110°5 27°4 109°2 100°0 137°7 
18°6 110°5 40°5 111°5 282 109°3 


Simultaneous Conversion of 2 : 2’-Dimethoxy- and 2 : 2’-Diethoxy-hydrazobenzene into Mixture 
of Benzidines—A mixture of the two hydrazo-compounds in known proportion was converted 
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into benzidines by the method used in the cases of the separate isomerides. In the first experi- 
ment the composition of the original mixture was chosen to give a mixture of benzidines having 
an m. p. at 41 on the dimethoxybenzidine branch of the fusion diagram (see fig.). The point 
was proved to be located on the correct branch by the addition of dimethoxybenzidine in 
quantities sufficient to change the composition from that corresponding to the point Al toa 
new composition, which, together with the new m. p., is represented by the point 42. The 
original mixture corresponding to point A 1 was then mixed with successively increasing quantities 
of the diethoxybenzidine ; the compositions calculated for each of these mixtures together with 
their freezing points yielded a succession of points 43, 44, 45, A6, the last three of which lie 
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on the diethoxybenzidine branch of the diagram, thus establishing the binary character of 
mixture Al. In the second experiment the original mixture of hydrazo-compounds was so 
chosen that the resulting mixture of benzidines had an m. p. lying at B1 on the diethoxy-branch 
of the diagram. The correct location of the point on this branch was proved by the addition 
of a further quantity of the diethoxy-component, the point B2 being thus determined. The 
addition of successively increasing quantities of the dimethoxy-component yielded the points 
B3 and B4, of which the last lies on the dimethoxybenzidine branch of the diagram. The data 
are shown in the fig. and also in the following table, in which col. 2 records the percentages by 
weight of 2 : 2’-dimethoxyhydrazobenzene in the mixture of hydrazobenzenes isomerised, col. 4 
records the percentages by weight of 3 : 3’-dimethoxybenzidine calculated from the m. p.’s of 
the products of conversion and the proportions of pure components added thereto, and col. 5 
contains the corresponding percentages as deduced from the m. p.’s of the various mixtures. 


TABLE II. 
Hydrazo- Benzidine mixture, Hydrazo- Benzidine mixture, 
mixture. composition %. mixture. composition %. 
Expt. Composition, %.M.p. Calc. Found. Expt. Composition, %.M.p. Cale. Found. 
Al 55°0 118°5° — 52°0 Bl 12-1 114°5° 9°0 
A2 — 126-2 68°0 67°4 B2 — 116°9 ? 3°3 
A3 — 116-3 49-2 485 B3 — 112-2 13% 14-0 
A4 — 111-7 16°0 15°9 B4 — 56°4 
Ab a 1126 13°3 13°3 
A6 — 114°9 9°3 83 
Relative Velocities of Isomerisation of 2: 2’-Dimethoxy- and 2 : 2’-Diethoxy-hydrazobenzene.— 
The principle of the method was to act on a mixture of the hydrazo-compounds in known pro- 
portion with an amount of hydrogen chloride sufficient to convert only a small proportion of the 
less plentiful constituent, and to determine by means of the fusion diagram the composition of 
the mixture of benzidines produced. The conditions of these experiments were the same as 
those applying to the experiments of the preceding section, except with regard to the quantity 
of hydrogen chloride. The amount of conversion catalysed by a given quantity of the acid 
under the conditions employed is limited by the circumstance that the product of the change 
unites with 2 mols. of acid and destroys the catalytic activity of the reagent to that extent. 
The hydrochlorides of dimethoxy- and diethoxy-benzidine are not of themselves catalytically 
effective, and do not by alcoholysis give hydrogen chloride in quantities sufficient to exhibit 
detectable catalytic activity. These preliminary points were established by isomerising either 
hydrazo-compound in ethyl alcohol with varying measured quantities of standard hydrogen 
chloride in that solvent, weighing the derived benzidine hydrochlorides, and measuring the 
residual unconverted hydrazo-compounds gravimetrically by the reduction of Fehling’s solution. 
Comparison of the weights of the benzidine hydrochlorides with the quantities of hydrogen 
chloride used showed also that the relative extents of isomerisation and of the side reaction 
remain substantially the same as when the acid was used in excess. The results of the experi- 
ments on the simultaneous conversion of the two hydrazo-compounds in the presence of small 
amounts of hydrogen chloride are shown in the following table, the headings of the first five 
columns of which are self-explanatory. The last column gives the calculated velocity of 
isomerisation of the dimethoxy-compound relatively to that of the diethoxy-derivative taken as 
unity. These figures are not corrected for the change with time in the ratios of the concen- 
trations of the hydrazo-compounds, since, with the small conversions obtaining, this correction 
is unimportant. The observational error is evidently considerable; but the object of the experi- 
ments was merely to show that the two reactions have comparable velocities. 


Benzidines. 





Hydrazo-compounds (mois.). Yield Composition, mols. %. Velocity 

Dimethoxy-. Diethoxy-. (mols.). | Dimethoxy-. Diethoxy-. ratio. 
1-00 0°90 0°090 88 12 6°6 
1-00 1-50 0°075 79 21 57 
1-00 1-00 0-090 86 14 6:2 


UNIVERSITY COLLEGE, LONDON. [Received, June 16th, 1933.] 
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232. Influence of Poles and Polar Linkings on the Course pursued 
by Elimination Reactions. Part XIX. Thermal Decomposition 
of Phosphonium Chlorides. 


By G. F. Fenton, L. Hey, and C. K. INGOLD. 


THE available information concerning the thermal decomposition of quaternary phos- 
phonium chloride is summarised in the following table (Am = amyl; Bz = benzyl): 


R, in (R,P)°Cl’. Products. Ref. No. R, in (R,P)’CY. Products. Ref. 
Et, C,H,+PEt,,HCl (a) 6 Me,Et, C,H,-+PMe,Et,HCl (d) 
Et,Bz C,H,+ PEt,Bz,HCl (b) 7 Et,Pr@ C,H,+ PEt,Pr¢,HCl ss 
Me, C,H,+PMe;,HCl (c) 8 Et,Am C,H,+PEt,Am,HCl = 
Me,Et C,H,+PMe,,HCl+ (d) 9 Et, Bz, C,H,+PEtBz,,HCl a6 
PMe,Et,HCl 10 EtBz, C,H,+Stilbene + 
MeEFt, C,H,+PMeEt,,HCl sin PEt,Bz,HCl+ PBz;,HCl 
(a) Letts and Collie, Phil. Mag., 1886, 22, 183; (b) Collie, ibid., 1887, 24, 27; (c) J., 1888, 58, 636; 
(d) Idem, ibid., p. 714. 


In examples 1, 2, and 4—10, an ethyl group is present and is eliminated as ethylene 
(in reactions 1 and 2 the products indicated are stated to be formed “ nearly 
quantitatively’); it was concluded that the decomposition of phosphonium chlorides 
proceeds similarly to olefinic degradation of ammonium hydroxides. In examples 3 and 
4 a methyl group appears as ethylene and in example 10 a benzyl group as stilbene; in 
these cases the intermediate formation of a bivalent-carbon compound, e.g., methylene, 
was presumed. 

Although Part V (J., 1929, 2342) was concerned primarily with phosphonium hydrox- 
ides, the degradation of phosphonium compounds generally was considered. It was 
shown that the modes of degradation characteristic of ammonium compounds, together 
with all the constitutional conditions governing these reactions, should apply in the 
phosphonium series also, but that, in addition to these forms of reactivity, phosphonium 
compounds may exhibit yet another form, namely, that which is attributable to the 
presumed ability of the phosphorus atom to expand its octet and thus temporarily to 
co-ordinate an anion. The supersession in phosphonium hydroxides of the olefinic type 
of degradation characteristic of ammonium hydroxides is readily explained on this basis 
(Part V), which, however, offers no immediate suggestion to account for the alleged 
reappearance in phosphonium chlorides of olefinic degradation in place of the elimination 
of an alkyl chloride, which is the normal reaction of ammonium chlorides. On the contrary, 
the chloride ion, which is insufficiently basic to effect 6-proton elimination in the majority 
of ammonium salts, should be still less able to do this in phosphonium salts, because, 
first, the inductive effect of the phosphonium pole is less (Part V), and, secondly, in so 
far as the phosphorus atom is able to co-ordinate it offers an alternative point of attraction 
for the anion. Thus, theory indicates that phosphonium chlorides, even more than 
ammonium chlorides, should yield alkyl chlorides rather than olefins, and accordingly 
we were disposed to doubt the evidence of widely occurring olefinic degradation contained 
in the records summarised above. 

We have revised the first four of these examples. In each case reaction proceeded 
in substantially one direction, the products being, as expected, an alkyl chloride and a 
phosphine. In example (2), even the phosphine was different from that reported in the 
work cited above, but it is consistent with analogy that the benzyl group (Bz), rather 
than the ethyl group, should suffer elimination in this case. 


(1) (PEt,)*Cl’—>EtCl+ PEt, (3) (PMe,)*Cl’_—>MeCl+ PMe, 
(2) (PEt,Bz)"Cl’—>BzCl+PEt, (4) (PMe,Et)’Cl’/—>MeCl+ PMe,Et 


At present we are not able to account satisfactorily for the differences between our 
results and those previously recorded. 
We have not revised the remaining six examples, because the results just described 
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seem sufficient to show that the decomposition of phosphonium chlorides is normal and 
not analogous to the olefinic degradation of ammonium hydroxides. . 


EXPERIMENTAL. 


An ethereal solution of trimethylphosphine was prepared by the aid of dimethylzinc as 
described by Renshaw and Greenlaw (J. Amer. Chem. Soc., 1920, 42, 1472) and Renshaw and 
Bell (ibid., 1921, 48, 916). Addition of methyl iodide caused the precipitation of tetramethyl- 
phosphonium iodide which was crystallised from alcohol (Found: I, 57-8. Calc.: I, 58-2%). 
The use of ethyl iodide similarly led to trimethylethylphosphonium iodide (Found: I, 54-6. 
Calc.: I,54-7%). Anethereatsolution of triethylphosphine was prepared by the Grignard method, 
the whole Grignard product being distilled instead of being decomposed with water (Hibbert, 
Ber., 1906, 39, 161). Ethyl bromide was added, and, in order to obtain the best possible yield 
of tetraethylphosphonium bromide, the reaction was completed by removing part of the ether 
by distillation with a long Dufton column, adding nitromethane, boiling under reflux for 16 
hours, and pouring the solution into excess of ether. The precipitated salt was crystallised 
from alcohol (Found: Br, 35-0. Calc.: Br, 35-2%). For the preparation of benzyltriethyl- 
phosphonium bromide, an ethereal solution of triethylphosphine was allowed to react with 
benzyl bromide at 30° for 1 hour, and the precipitated salt was washed with ether and crystallised 
from alcohol-ether (Found: Br, 24-0. Calc.: Br, 24-3%). The phosphonium bromides and 
iodides were converted, via the hydroxides, into the corresponding chlorides which were crystal- 
lised from alcohol, and benzyltriethylphosphonium chloride was also prepared by direct inter- 
action of benzyl chloride with triethylphosphine in ether. 

1. The chlorides were distilled in oxygen-free nitrogen. In the case of tetraethyl- 
phosphonium chloride decomposition commenced above 350° and was completed at 380° (bath 
temperatures). Triethylphosphine distilled and condensed at the ordinary temperature, and 
ethyl chloride below—30°. The former was identified by the preparation of its methiodide and 
thence of its methopicrate, which was compared (m. p. and mixed m. p.) with an authentic 
specimen. The ethyl chloride was similarly identified by interaction with trimethylamine in 
alcohol, conversion of the quaternary ammonium chloride into the corresponding picrate, and 
comparison of this with trimethylethylammonium picrate. A trace of a sublimate, apparently 
triethylphosphonium chloride, was found on the upper portion of the decomposition flask. 
Any gases which escaped condensation were passed through liquid bromine, as were also the 
whole of the nitrogen sweepings. The bromine solution on decomposition with ice and sulphur 
dioxide yielded an amount of heavy oil, possibly ethylene dibromide, too small for definite 
identification. 

2. Decomposition of benzyltriethylphosphonium chloride commenced above 300° and was 
completed at 340° (bath temperatures), and the distillate was received in dilute hydrochloric 
acid. From this distillate the oil was collected and identified as benzyl chloride by its odour, 
b. p.,and conversion by treatment with alcoholic trimethylamine into benzyltrimethylammonium 
chloride, and thence into the picrate (m. p. and mixed m. p.). The acid solution was basified 
under ether, and the phosphine identified as triethylphosphine as in the preceding experiment. 
The bromine through which, as usual, all the gaseous products were passed, yielded only a 
minute trace of oil after treatment with sulphur dioxide and ice. 

3. Decomposition of tetramethylphosphonium chloride proceeded above 360° (bath tem- 
perature). The distillate was received in dilute hydrochloric acid at 0°, which, after basification 
under ether, gave trimethylphosphine. The latter in ethereal solution was converted into the 
methiodide (Found: I, 58-0. Calc.: I, 58-2%) and thence into the methopicrate, which was 
compared with tetramethylphosphonium picrate (m. p. and mixed m. p.). The gaseous pro- 
ducts were passed through bromine and collected over water, and were finally swept through 
with nitrogen. The bromine, on the usual treatment, yielded only a very small amount of oil. 
The gas in the aspirator was slowly passed through a solution of trimethylamine in nitromethane. 
The precipitation of the tetramethylammonium chloride was completed by adding ether, and 
the salt was identified by conversion into the picrate (m. p. and mixed m. p.). A smal! amount 
of sublimate, evidently trimethylphosphonium chloride, was formed in the upper part of the 
decomposition flask. 

4. The decomposition of trimethylethylphosphonium chloride commenced above 320° and 
was completed at 360° (bath temperature). The distillate when treated as in the preceding case 
(acid at 20°), yielded a phosphine, which by treatment with trinitroanisole in ether gave almost 
pure trimethylethylphosphonium picrate (m. p. and mixed m. p. both before and after crystallis- 
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ation). The gaseous product on passage through bromine and into a nitromethane solution of 
trimethylamine gave only trimethylethylammonium chloride, which was identified as the 
picrate (m. p. and mixed m. p.). The bromine, after the usual treatment, gave a very little 
heavy oil, but not enough for identification. The neck of the decomposition flask was found to 
have collected a film of sublimate, which on basification gave the odour of a phosphine. 


THE UNIVERSITY, LEEDs. 
UNIVERSITY COLLEGE, LONDON. [Received, June 16th, 1933.] 





233. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XX. Elimination of Saturated 
Primary Alcohols by Thermal Decomposition of Sulphonium 


Hydroxides. 
By C. K. INcotp and K. I. Kurryan. 


THE production of saturated primary alcohols (the adjective “ primary ’’ is held to exclude 
methyl alcohol) by thermal decomposition of quaternary ammonium hydroxides has been 
claimed by von Braun (Annalen, 1911, 382, 1), who reported the formation of -heptyl, 
n-octyl, and cetyl alcohols from heptyl-, octyl-, and cetyl-trimethylammonium hydroxides 
respectively. Our experiments on these compounds do not enable us to confirm either 
result, and, without wishing to deny that saturated primary alcohols can be produced in 
this way, we suggest that the claim that they are formed needs further support. 

The decomposition of sulphonium hydroxides is in a different case. In a recent 
study of the degradation of a series of these compounds containing both methyl and ethyl 
groups (e.g., methylethyl-n-propylsulphonium hydroxide), Ingold, Jessop, and Kuriyan~ 
found that the aqueous solutions of methyl alcohol obtained from these decompositions © 
contained a significant quantity of ethyl alcohol (this vol., p. 536). We have now studied 
the decompositions of triethyl- and tri-n-propyl-sulphonium hydroxides, and find that the 
proportion of alcohol elimination (reaction B) in the former case is considerable (14%) 
and in the latter predominating (64%) : 


R-CH:CH, + (R-CH,*CH,),$ + H,O (A) 


{(R-CHy’CH,),S}OH’'{ 
R-CH,°CH,°OH + (R-CH,°CH,),S — (B) 


Sulphonium hydroxides containing methyl and ethyl groups were found to undergo 
decomposition in all three possible directions (methyl and ethyl alcohols and ethylene are 
formed), and the figures for the proportions of total alcohols are normally distributed 
between the values appropriate to the trimethyl- and triethyl-compounds : 


Alkyl group Me;. Me,Et. MeEt,. Ets. 
Total alcohols (mols. %) 100 73 45 14 


A similar statement applies to sulphonium hydroxides containingjmethyl and -propyl 
roups : 
eo Alkyl group Mes. Me,Pr¢. MePr,*. Pr,*. 
Total alcohols (mols. %) 100 92 82 64 

These results may be considered in relation to the hypothesis that the facility of 
elimination of a given alkyl group in a given way is to a first approximation an intrinsic 
property of the group rather than an orientation process dependent on the other groups 
present in the sulphonium complex. In order to test this assumption, we proceed as 
follows: For a given mode of decomposition of a given sulphonium hydroxide, a quotient 
is formed by dividing the proportion in which reaction pursues the appropriate direction 
by the number of those initially present identical groups, one of which thus becomes 
eliminated. Similar quotients are obtained for the other methods of decomposition of 
the same sulphonium hydroxide, and the ratios of pairs of these quotients are taken to be 
representative of the corresponding pairs of eliminated forms—two olefins, two alcohols, 
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or an olefin and an alcohol as the case may be. According to the hypothesis considered, 
the ratios of quotients obtained in this way from the decompositions of different sulphon- 
ium hydroxides should be consistent, and a convenient method of applying the test 
is to assume consistency, and utilise experimental values for the direction of decomposition 
of some sulphonium hydroxides to calculate corresponding data for others. For the 
sulphonium hydroxides already mentioned, this calculation has been carried out and the 
results are shown in the upper section (Nos. 1—6) of the following table. The 
asterisks in the column headed “ Calc.” indicate that the corresponding experimental 
values are used as part of the basis of the calculation; the figures thus computed for the 
remaining examples are sufficiently close to those obtained experimentally to indicate 
that the criterion of consistency is approximately fulfilled. The experimental figures for 
examples Nos. 3 and 5 are quoted from a previous publication (dem, ibid.). 


No. of modes’ Alkyl Total alcohols, °%. No. of modes’ Alkyl Total alcohols, °;). 
No. of decompn. groups. Found. Calc. No. ofdecompn. groups. Found. Calc. 
2 Et, 14 . + 3 MeEt, 45 * 
2 Pr;* 64 - 5 3 Me,Pr@ 92 92 
3 Me,Et 73 74 6 3 MePr,* 82 * 
No. of Compn. of olefin mixture : No. of Compn. of olefin mixture ; 
modes of Alkyl lower homologue, °%. modes of Alkyl lower homologue, ,,. 
No. decompn. groups. Found. Calc. No. decompn. groups. Found. Calc. 


7 Et,Pre 85 89 11 4 EtisoBu, 94 m 

8 4 EtPr,* 63 68 12 5 MeEtPr¢ 80 81 

9 4 Pr,*Bu¢ 74 73 13 5 MeEtisoBu 93 97 
10 4 Pr¢Bu,* 40 ™ 


Opportunity for a further test of the matter is afforded by the study of a series 
of sulphonium hydroxides containing combinations of the groups ethyl and #-propyl, 
n-propyl and n-butyl, and ethyl and zsobutyl. Each of these examples permits of four 
modes of decomposition, since either radical may appear either as an alcohol or as 
an olefin. All these sulphonium hydroxides give both alcohols and olefins, and the 
proportions in which olefins were formed were estimated. The results are shown in the 
lower portion of the table (Nos. 7—11), and once again a comparison of found and 
calculated values indicates the absence of any considerable mutual influence between the 
different alkyl groups. 

We include in the table two previously published examples (Nos. 12 and 13) of sul- 
phonium hydroxides capable of decomposing in five ways (idem, ibid.). The actual and 
theoretical results present an agreement resembling that obtained in the simpler cases. 


EXPERIMENTAL. 


As the general method of decomposing the sulphonium hydroxides is the same as that 
described in a previous part (idem, ibid.), this record is limited to the preparation of the required 
sulphonium salts. (1) Triethylsulphonium iodide (Offele, Annalen, 1864, 132, 82), m. p. 150— 
152° (decomp.), prepared in nitromethane, yielded a picrate, long needles, m. p. 152—153’, 
from water (Found: C, 41-5; H, 4-9. C,.H,,0,N,S requires C, 41-5; H, 4-9%). The value 
given above for the percentage of olefin elimination is the result of consistent (+ 2%) 
gas analyses confirmed by estimates of ethyl alcohol content of sulphide-free aqueous solutions, 
from which iodoform was prepared. (2) Tri-n-propylsulphonium iodide, prepared by heating 
the components in nitromethane at 50—55° for several days, precipitation by ether, and repre- 
cipitation from alcohol by ether, yielded a picrate, long needles, m. p. 75—76°, from water 
(Found : C, 46-3; H, 6-0. C,;H,,0,N,S requires C, 46-3; H, 5-9%). Regarding the analytical 
data the remarks in section (1) apply. 

(4) Methyldiethylsulphonium iodide (Klinger and Maassen, Annalen, 1888, 243, 212) yielded 
a picrate, needles, m. p. ca. 170°, from water (Found : C, 39-9; H, 4:5. C,,H,,;0,N,S requires 
C, 39:6; H, 4:5%). lIodoform was made from the alcoholic fraction after decomposition. 
(6) Methyldi-n-propyl iodide, prepared in nitromethane, gave a picraie, crystallising from 
water, m. p. 68° (Found: C, 43-0; H, 54. C,3;H,,0,N,S requires C, 43-3; H, 5-3%). 
(7) Diethyl-n-propylsulphonium iodide, m. p. 162° (decomp.), prepared by heating ethyl 
sulphide and n-propyl iodide in nitromethane at 50—55° for four days, and purified as in (2), 
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yielded a picraie, m. p. 72—73° (Found: C, 43-3; H, 5-3; N, 11-4; S, 9-0. C,,;H,,0,N,5 
requires C, 43-2; H, 5-3; N, 11-6; S, 89%). (8) Ethyldi-n-propylsulphonium iodide, pre- 
pared similarly from ethyl iodide and n-propyl sulphide, gave a picrate crystallising from 
water in long needles, m. p. 73-5—74° (Found: C, 45-0; H, 6-0; N, 11-2; S, 8-5. C,4H,,O,N,5 
requires C, 44-8; H, 5-6; N, 10-6; S, 8-4%). 

(9) Di-n-propyl-n-butylsulphonium sulphate, prepared by heating butyl iodide, propyl 
sulphide, and excess of suspended silver sulphate in nitromethane at 80° for 20 hours and 
precipitated by ether, gave a picrate, forming needles, m. p. 73°, from water (Found : C, 47-9; 
H, 6:3. C,gH,,0,N,S requires C, 47-6; H, 6-2%). (10) n-Propyl-di-n-butylsulphonium iodide, 
prepared by heating propyl iodide and butyl sulphide in nitromethane at 50—52° for 18 days 
and precipitation with ether, had m. p. 155—160° (decomp.) and gave a picrate, forming 
long needles, m. p. 67—68°, from water (Found : C, 49-3; H, 6-6; N, 9-8; S, 7-7. C,,H,,0,N,5 
requires C, 49-5; H, 6-4; N, 10-0; S,7-6%). (11) Ethyldiisobutylsulphonium iodide, prepared 
by heating ethyl iodide with isobutyl sulphide (Grabowsky and Saizew, Annalen, 1874, 
171, 254) in nitromethane at 50—55° for 10 days and precipitated with ether, gave a picrate, 
separating in needles, m. p. 75—76°, from water (Found: C, 47-7; H, 6-7. Cj gH,;0,N,S 
requires C, 47-6; H, 62%). 


UNIVERSITY COLLEGE, LONDON. [Received, June 16th, 1933.] 





234. The aaB-T'rihalogenated Butaldehydes. 
By F. D. Cuatraway, H. Irvinc, and G. H. OUTHWAITE, 


With the exception of the well-known ««$-trichlorobutaldehyde (butyl chloral, III), the 
trihalogen-substituted butaldehydes have been little studied, only one other having 
previously been prepared. 

In the preparation of butyl chloral, Pinner (Ber., 1875, 8, 1321) obtained as a by-product 
a colourless, lachrymatory liquid, b. p. 147°, having the composition C,H;OCI, which 
combined readily with two atoms of bromine. These compounds he considered to 
be y-chlorocrotonaldehyde (CH,Cl-CH‘CH-CHO) and_ y-chloro-«$-dibromobutaldehyde 
(CH,Cl-CHBr-CHBr-CHO) respectively. 

His conclusions, however, are incorrect, since, by the elimination of hydrogen chloride 
from «$-dichlorobutaldehyde (I), Moureu, Murat, and Tampier (Bull. Soc. chim., 1921, 29, 
29) obtained a monochlorocrotonaldehyde, b. p. 146—148° (identical with Pinner’s com- 
pound), which was undoubtedly «-chlorocrotonaldehyde (II) because on addition of two 
atoms of chlorine it yielded butyl chloral (III). Pinner’s bromine addition compound 


CH,-CHCI-CHCI-CHO ——> CH,-CH:CCI-CHO $ CH,-CHCI-CCI,-CHO 
(I.) (II.) (III.) 


must therefore have been «-chloro-«$-dibromobutaldehyde (IV). The present paper 
describes the preparation of this aldehyde, and of the hitherto undescribed «$-dichloro- 
a-bromobutaldehyde (V; X= Cl) and «aa$-tribromobutaldehyde (V; X = Br) (butyl 
bromal). 

These compounds have been prepared from «-chloro- and «-bromo-crotonaldehyde 
(obtained by the elimination of hydrogen halide from the dichloro- and dibromo-addition 
products of crotonaldehyde) by the addition of two equivalents of the appropriate halogen. 


CH,-CH:CCI-CHO —3 CH,-CHBr-CBrCl-CHO (IV.) 
CH,-CH:CBrCHO —> CH,CHX-CXBr-CHO (V.) 


These three aldehydes resemble butyl chloral closely in appearance and properties, but 
the progressive replacement of chlorine by bromine is accompanied by an increasing 
tendency to lose hydrogen halide, and to decompose profoundly on standing, or more 
especially on heating. 
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They slowly combine with water to form stable, colourless, crystalline monohydrates, 
CH,°CHX-CX,°CH(OH),, and the readiness with which this occurs diminishes as the 
bromine content of the molecule increases. Further, «$-dichloro-«-bromobutaldehyde 
hydrate may be sublimed unchanged when cautiously heated, but both «-chloro-«6-di- 
bromobutaldehyde hydrate and butyl bromal hydrate dissociate on heating and do not 
readily recombine with the eliminated water. These hydrates separate in a pure state when 
the free aldehydes are left in contact with water, but it has not been found possible to 
recrystallise them. 

The aldehydes combine with alcohols with the evolution of heat, but crystalline com- 
pounds have not been obtained. 

When warmed with a little fuming nitric acid, butyl bromal and «-chloro-«$-dibromo- 
butaldehyde, or their hydrates, are oxidised to the corresponding ««$-trihalogenated 
butyric acids, identical with those obtained by the addition of bromine to the corresponding 
a-bromo- and a-chloro-crotonic acids (cf. Michael and Norton, Amer. Chem. J., 1880, 2, 
14; Sarnow, Annalen, 1872, 164, 105). 

«8-Dichloro-«-bromobutyric acid is similarly obtained by the oxidation of «$-dichloro- 
a-bromobutaldehyde, but is difficult to purify since it readily loses hydrogen halide. 

When kept with concentrated sulphuric acid at the ordinary temperature, these alde- 
hydes are decomposed profoundly. Hence the formation of para-polymerides of the type 
obtained from butyl chloral (cf. Chattaway and Kellett, J., 1928, 2709) has not been 
observed. 

Like butyl chloral, each of these aldehydes reacts with amides, and condensation 
products with formamide, acetamide, benzamide, and urea have been prepared. 
CH,°CHX-CX,°CHO -+- NH,*CO-R —» CH,°CHX-CX,°CH(OH)*NH-CO:R. These com- 
pounds are readily obtained by cautiously fusing together equivalent quantities of the 
amide and aldehyde hydrate. They are all colourless crystalline solids, practically 
insoluble in water but readily soluble in hot alcohol, from which they crystallise well. They 
melt with decomposition, the tendency to decompose on heating increasing with the bromine 
content of the parent aldehyde. 

The aa«$-trihalogenated butaldehydes gave in every case only a single amide condens- 
ation product: the suggestion (cf. Schiff, Ber., 1892, 25, 1690) that isomerides of such 
compounds may be formed seems, therefore, to be devoid of foundation. 


EXPERIMENTAL. 


«-Chlorocrotonaldehyde (II) was obtained in 70—80% yield by heating «$-dichlorobutalde- 
hyde (I) with aqueous sodium acetate. It boiled at 53—54°/20 mm. (cf. Moureu, Murat, and 
Tampier, /oc. cit.). «-Bromocrotonaldehyde, b. p. 72°/30 mm., was obtained similarly in 75— 
85% yield from the dibromo-aldehyde (cf. Claisen, Ber., 1911, 44, 1164). 

Preparation of «-Chloro-«8-dibromobutaldehyde (IV).—18-3 G. of bromine (1 mol.) were added 
drop by drop to 12 g. of a-chlorocrotonaldehyde (1 mol.), moisture being excluded, and the 
temperature being kept below 0° (mechanical stirrer). Each drop of bromine was instantly 
decolorised until the exact equivalent had been added, whereupon the required aldehyde was 
obtained as a colourless viscous liquid with a smell resembling that of butyl chloral. It could 
not be distilled without decomposition, even in a vacuum. It slowly combined with water to 
give a colourless, crystalline mass of the monohydrate, m. p. 45—50° (Found : Cl, 12-3; Br, 56-4. 
C,H,OCIBr,,H,O requires Cl, 12-6; Br, 56-6%). 

Oxidation of a-Chloro-a8-dibromobutaldehyde to «-Chloro-«B-dibromobutyric Acid.—5 G. of the 
aldehyde hydrate were digested for several hours on the water-bath with 20 c.c. (excess) of fum- 
ing nitric acid. On cooling, a viscous liquid remained, which soon solidified to a colourless 
crystalline mass of a-chloro-«$-dibromobutyric acid. After recrystallisation from hot con- 
centrated nitric acid, in which it readily dissolved, it formed colourless prisms, m. p. 91—92° 
(Sarnow, Joc. cit., gives m. p. 92°) (Found: Cl, 12-85; Br, 57-8. Calc. for C,H,;0,CIBr,: Cl, 
12-7; Br, 57-6%). 

Preparation of «8-Dichloro-a-bromobutaldehyde (V; X = Cl).—A slow stream of dry chlorine 
was passed into 27 g. of a-bromocrotonaldehyde (1 mol.) cooled in a freezing mixture, until a 
gain in weight of 12-9 g. (1 mol.) had taken place: any unabsorbed chlorine was then removed 
by a current of dry air. «$-Dichloro-«-bromobutaldehyde was thus obtained as a thick, 





The aaB-Trihalogenated Butaldehydes. 995 


colourless, lachrymatory liquid, decomposing on attempted distillation in a vacuum. It com- 
bines slowly with water at the ordinary temperature to give the monohydrate, which can be 
sublimed on very careful heating, recombination after dissociation occurring sufficiently readily, 
with the formation of colourless flattened prisms, m. p. 70° (Found: Cl, 29-5; Br, 33-2. 
C,H,OCI,Br,H,O requires Cl, 29-8; Br, 33-6%). 

On oxidation with fuming nitric acid as described above, this aldehyde yielded «$-dichloro- 
a-bromobutyric acid, which could not, however, be obtained perfectly pure owing to the ease 
with which it lost hydrogen halide. 

Preparation of Butyl Bromal, a«8-Tribromobutaldehyde (_V; X = Br).—32 G. of bromine 
(1 mol.) were added very slowly to 30 g. of «-bromocrotonaldehyde (1 mol.), moisture being 
excluded, and care being taken that the temperature did not rise above 0° (mechanical stirrer). 
Each drop of bromine was instantly decolorised until the exact equivalent had been added; 
any slight excess was removed by cautious addition of a little «-bromocrotonaldehyde. a«$-Tri- 
bromobutaldehyde was thus obtained as a rather viscous, colourless liquid with a smell resemb- 
ling that of butyl chloral. It could not be distilled, even under reduced pressure, without 
profound decomposition. It combined slowly with water to form the monohydrate, which 
separated as compact, colourless prisms, m. p. 42—45° (Found: Br, 72-9. C,H,;OBr,;,H,O 
requires Br, 73-4%). The hydrate readily lost its combined water when placed in a desiccator 
over calcium chloride or concentrated sulphuric acid. It was not possible to recrystallise it 
since a similar loss of water took place when it was dissolved in ordinary organic solvents. 
On oxidation with fuming nitric acid it yielded «a$-tribromobutyric acid as colourless prisms, 
m. p. 112° (Michael and Norton, Joc. cit., give m. p. 115°) (Found : Br, 73-1. Calc. for CgH,O,Br; : 
Br, 73-8%). 

A cet-BBy-tribromo-a-hydroxybutylamide.—1 G. of acetamide (1 mol.) and 6 g. of butyl 
bromal hydrate (1 mol. -+ slight excess) were warmed together cautiously upon the water-bath 
until a crystalline nucleus appeared in the clear melt first formed. Heating was immediately 
discontinued, and the whole cooled; the substituted amide then solidified; it crystallised from 
boiling alcohol, in which it was readily soluble, as thin, colourless, nacreous plates, m. p. 140° .- 
(decomp.) (Found: Br, 65-4. C,H ,,0O,N Br, requires Br, 65-2%). 

Benz-BRy-iribromo-«-hydroxybutylamide.—5 G. of butyl bromal hydrate and 1:7 g. of benz- 
amide were heated together as described above (the slightest overheating leads to violent decom- 
position, with the formation of tarry products). The amide crystallised from alcohol, in which 
it is moderately soluble, in long, slender, colourless, flattened prisms, m. p. 142° (decomp.) 
(Found: Br, 56-3. C,,H,,O,NBr, requires Br, 55-8%). 

The following aldehyde—amide condensation products, prepared similarly, were all crystallised 
from boiling alcohol. Form-fy-tribromo-x«-hydroxybutylamide, colourless, flattened prisms, 
m. p. 133° (decomp.) (Found: Br, 68-25. C;H,O,NBr, requires Br, 67°7%). PGy-Tribromo- 
a-hydroxybutylurea (butyl bromal urea), slender, colourless, flattened prisms, m. p. 104° 
(decomp.). (Found: Br, 64:4. C;H,O,N,Br, requires Br, 65-0%). Acet-B-chloro-By-dibromo- 
a-hydroxybutylamide, colourless plates, m. p. 142° (decomp.) (Found: Cl, 10-95; Br, 49-3. 
C,H ,,O,NCIBr, requires Cl, 11-0; Br, 49:4%). Benz-6-chloro-By-dibromo-«-hydroxybutylamide, 
long, slender, colourless prisms, m. p. 144° (decomp.) (Found : Cl, 9-1; Br, 41-0. C,,H,,O,NCIBr, 
requires Cl, 9-2; Br, 415%). Form-$-chloro-By-dibromo-x«-hydroxybutylamide, small, faintly 
yellow prisms, m. p. 136° (decomp.) (Found: Cl, 11-4; Br, 51-2. C;H,O,NCIBr, requires Cl, 
11:5; Br, 51-7%). 8-Chloro-By-dibromo-a-hydroxybutylurea, small, colourless, flattened prisms, 
m. p. 112° (decomp.) (Found: Cl, 10-9; Br, 48-9. C;H,O,N,CIBr, requires Cl, 10-95; Br, 
49:39). Form-By-dichloro-B-bromo-a-hydroxybutylamide, colourless prisms, m. p. 140° (decomp.) 
(Found: Cl, 26-85; Br, 30:3. C;H,O,NCI,Br requires Cl, 26-8; Br, 302%). Acet-By-dichloro- 
-bromo-a-hydroxybutylamide, well-formed, colourless, hexagonal plates, m. p. 165° (decomp.) 
(Found: Cl, 25-4; Br, 28-7. CgH,0,NCI,Br requires Cl, 25-4; Br, 28-65%). Benz-®y-dichloro- 
8-bromo-a-hydroxybutylamide, long, slender, colourless, flattened prisms, m. p. 157° (decomp.) 
(Found: Cl, 20-8; Br, 23-4. C,,H,,0,NCl,Br requires Cl, 20-8; Br, 23-4%). By-Dichloro- 
-bromo-a-hydroxybutylurea, very small colourless prisms, m. p. 153° (decomp.) (Found: 
Cl, 25-3; Br, 28-4. C;H,O,N,Cl,Br requires Cl, 25-3; Br, 28-55%). 
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235. Alkaloidal Cuprichlorides. The Specific Precipitation by Cupric 
Chloride of Cinchona Alkaloids containing the Vinyl Group. 


By AARON COHEN. 


It is well known that commercial samples of the alkaloids with the general formula (I)— 
quinine (R = MeO), quinidine (R = MeO), cinchonine (R = H), and cinchonidine (R = H), 
stereoisomeric differences being omitted—contain appreciable quantities of the corre- 
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sponding naturally occurring dihydro-derivatives (II) in which the vinyl is replaced by an 
ethyl group, and although the latter may be readily obtained by catalytic hydrogenation 
of the former (D.R.P. 252,136; B.P. 3948, 1912), yet the purification of the alkaloids 
containing the vinyl group (I) is very difficult, entailing repeated fractional crystallisation 
of their salts. The author therefore examined the possibility of obtaining alkaloidal 
derivatives which would facilitate such a separation. 

The desiderata of such a derivative are (1) ease of preparation, (2) considerable difference 
of solubility between series (I) and (II), and (3) reversibility, the alkaloid being readily 
regenerated from its derivative. Complex salts were therefore examined, since alkaloids 
readily form such compounds with metallic salts; and it is believed those with cupric 
chloride, of the types M'CuCl, and M,'CuCl,, meet the requirements. These two types 
predominate among compounds derived from alkylammonium chlorides and cupric chloride 
(Remy and Laves, Ber., 1933, 66, 401). 

On mixing concentrated solutions of quinine and cupric chloride in concentrated hydro- 
chloric acid, a brick-red crystalline compound is obtained in excellent yield, of the com- 
position Q,2HCI1,CuCl,, where Q represents the quinine molecule. Similarly quinidine 
yields an orange-coloured, cinchonine a green, and cinchonidine a yellowish-green compound, 
the compositions of which are all analogous to that of the quinine salt. On the other hand, 
no complex salts are precipitated when the corresponding dihydro-bases are treated with 
cupric chloride under exactly the same conditions, even after several weeks at — 4°. 

These alkaloidal cuprichlorides are readily purified by recrystallisation from concen- 
trated hydrochloric acid, the only solvent found suitable for this purpose; they are 
readily decomposed by water, the characteristic colour being discharged, with formation 
of a blue solution, similar to that of cupric chloride but quite distinct from the yellowish- 
green solutions in concentrated hydrochloric acid. From the aqueous solution the 
alkaloid is readily recovered by removing the copper by precipitation with hydrogen 
sulphide, and basifying the filtrate. 

In attempting to formulate these compounds, regard has been taken of the behaviour 
of a few simple quinoline derivatives when treated with cupric chloride under the conditions 
described above. Quinaldine and 5-nitro-6-methoxyquinoline yield complex salts of the 
type (Q,HCl),,CuCl, or B,'CuCl, (B' = univalent organic kation), quinoline gives a compound 
of the type B'CuCl,, and 6-methoxyquinoline yields an equimolecular addition compound of 
these two types. All the cinchona alkaloidal salts, however, have the composition BUCuCl, 
(B" = bivalent organic kation). Assuming, by analogy, that the quinolinium nitrogen 


Cl-B™[CuCl,] BM-[CuCl,] {B™[CuCl,}}a 
(IIT.) ([V.) (V.) 


is involved in the formation of the alkaloidal cuprichlorides, these may be formulated as 
(III), (IV), or (V), which may be written in the expanded forms (IIIa), (IVa), (Va), in which 
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the symbol ... Np—Ng... represents the kation and indicates more clearly the attachment 
of the respective anions to the nitrogen of the bridged piperidine system (Np) and the 


Cl-Np-Ng’CuCl, Np*CuClyNoa ows Np-Ng’CuClNp-Ng'CuCl, ~~ 


(II Ia.) (IVa.) (Va.) 


quinolinium nitrogen (Ng). In (IIIa) Np is associated with a chlorine anion and Ng with 
a CuCl,’ anion, whilst (IVa) represents a bivalent CuCl,” anion held between Np and Ng of 
the same kation. Remy and Laves (loc. cit.) have pointed out that, in accordance with 
theoretical considerations, more than 60% of the complex salts of cupric chloride described 
in the literature and 75% of the salts they obtained from alkylammonium chlorides contain 
the complex bivalent ion CuCl,”, whilst the univalent ion CuCl,’ occurs to the extent of 
27% in the literature and 14% in the compounds described by them. Although these 
facts favour (IV) as the correct formulation of the alkaloidal cuprichlorides, an objection 
to it arises from inspection of a model of the quinine molecule, for it is difficult to accom- 
modate a planar CuCl,”’ anion between Np and Ng. The objection appears to be overcome 
by formula (Va), representing a larger molecule containing » units of BY[CuCl,] with the 
anion associated with Ng of one kation and Np of the next. This would admit of various 
ways of building up the crystal lattice, but the actual method would have to be determined 
by crystallographic and X-ray methods. 

The optical rotations of the cuprichlorides (see table) indicate that the ionisation is 
similar in extent to that of the corresponding dihydrochloride, and hence that the rotation 
is due mainly to the optically active kation, and not to intact cuprichloride or a compound 
with cupric chloride linked to the vinyl group. The figures represent the observed rotations 
(} = 1) of equimolecular amounts (c = 100, expressed as free base) of dihydrochloride 
and cuprichloride of each alkaloid in aqueous, methyl-alcoholic, and concentrated hydro- 
chloric acid solution, respectively. 

ap. 
Water. MeOH. Conc. HCl. 
Cinchonine dihydrochloride +2°59° +2°33° +2°05° 
Cinchonine cuprichloride +2°51 +2°21 +2:°07 
Cinchonidine dihydrochloride —1-71 —1:325 — 1:05 
Cinchonidine cuprichloride —1-:76 —1:05 
Quinine dihydrochloride —2-80 — — 2-00 
Quinine cuprichloride —2°72 — —1°915 
Quinidine dihydrochloride +3°26 — +2°56 
Quinidine cuprichloride +3°25 -- +2°54 

The properties of the alkaloidal cuprichlorides appear to indicate that their existence 
is confined to the crystalline solid state, and that their isolation depends on their ability 
to satisfy the requirements of the formation of a unit crystal pattern. The failure to 
obtain cuprichlorides from the dihydro-alkaloids (II) must therefore be ascribed to their 
inability to form a unit crystal pattern. That such a profound difference in behaviour 
should exist between the two types of alkaloid is remarkable, since they only differ in 
respect of the vinyl and the ethyl group, both groups constituting only a small part of the 
respective molecules. 

Some light is thrown on the problem of this difference by the results obtained with 
quinene (VI; R= MeO, R’ = CH:CH,), cinchene (VI; R=H, R’ = CH‘CH,), and 
dihydroquinene (VI; R = MeO, R’ = Et). Each of these substances contains an ethylenic 
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linking between the quinoline and quinuclidine systems, but in dihydroquinene the group 
R’ is saturated. In spite of this, the base behaves, together with quinene and cinchene, 
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as an alkaloid of type (I), readily yielding a cuprichloride of analogous composition to those 
already described. These facts may be co-ordinated by supposing that in the case of the 
alkaloids containing the vinyl group the cuprichlorides pack readily to form the unit 
crystal pattern. Owing to the larger volume occupied by the ethyl group, the dihydro- 
bases are unable to do this. In the “‘ ene”’ compounds (VI), packing is possible in both 
types of alkaloid, since the presence of the ethylenic linking in the centre of the molecule 
has caused a contraction in molecular volume. 

Another possible reason for the difference between alkaloids of types (I) and (II) is 
suggested by the behaviour of dihydroquinene. In alkaloids containing the ethyl group 
(II) this side chain may exert a spatial effect on the basic centre Ng which inhibits crystal- 
lisation of the cuprichloride, and, in fact, a model shows that, by virtue of rotation about 
the linkings between the quinoline and the quinuclidine system, the ethyl group can pass 
readily through a position in close proximity to Ng. The inhibition postulated depends 
on the possibility of rotation, and when this is prevented by a double bond in a suitable 
position, as in dihydroquinene (cf. VI), inhibition does not occur, and the cuprichloride 
is obtained. It is admitted that if this hypothesis applies, e.g., to the behaviour of dihydro- 
cinchonine, it could not be applied with equal validity to dihydrocinchonidine on account 
of the configurational differences of the carbon atoms marked with an asterisk in this pair 
of alkaloids. The same must be admitted with regard to the pair, dihydroquinine and 
dihydroquinidine. The different models constructed, having regard to the stereoiso- 
merism associated with the two carbon atoms, do show, however, that the ethyl group 
may approach Ng much more closely than is possible with an ethylenic linking between 
these carbon atoms. 

The use of cupric chloride as a precipitant of certain cinchona alkaloids has proved 
of value in the preparation of some of the well-known derivatives of the natural bases. 
For instance, the crude products obtained in the preparation of quinene, cinchene, and 
dihydroquinene are readily purified through their cuprichlorides, from which they are 
quickly isolated as crystalline solids, and from experiments now in progress, it appears 
that the isolation of the desoxy-compounds will be equally facilitated by the use of this 
reagent. 

For the separation of mixtures of alkaloids of types (I) and (II), the vinyl fraction is 
precipitated as cuprichloride, from which the base is later recovered, while the unpre- 
cipitated fraction is freed from copper and worked up for the recovery of the dihydro-base. 
The latter may be readily recognised and distinguished from the precipitated fraction by 
its stability to potassium permanganate in dilute sulphuric acid solution. It is, of course, 
impossible to effect complete precipitation of the vinyl fraction from the 1 : 1 mixtures 
used; but the proportion left in solution is very small, as is shown by comparative tests 
with permanganate and by the readiness with which the dihydro-fraction could be crystal- 
lised. Further, the aim of the separation is to obtain a specimen of vinyl base 
free from the base of the ethyl type, rather than to purify the latter, for this can be done 
by other means, e.g., by destruction of the former by permanganate. 

A manufacturer’s sample of cinchonine, stated to contain 10% of dihydrocinchonine, 
was fractionated, and an amount of the latter corresponding to ca. 7-5% of the original 
material was isolated. Details are given below of the separation of the four chief cinchona 
alkaloids from considerable proportions of respective dihydro-analogues. The behaviour 
of other alkaloids towards cupric chloride under similar conditions has been examined, 
and the crystalline compounds obtained from strychnine, brucine, morphine, and papa- 
verine are being investigated. 


EXPERIMENTAL. 


Preparation of the Cuprichlorides—The compounds described below are best prepared by 
mixing warm solutions of the base and cupric chloride dihydrate, each in 2-5 parts by volume 
of concentrated hydrochloric acid. The product separates on cooling as a thick felt of crystals, 
which are filtered off, washed with a small quantity of cold concentrated hydrochloric acid, 
and air-dried on porous plate. For recrystallisation, the concentrated acid was used through- 
out. 
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Analysis. Chlorine was determined gravimetrically by precipitation as silver chloride 
{rom a dilute nitric acid solution of the compound. The determination of copper by precipit- 
ation as cuprous thiocyanate from dilute hydrochloric acid solution was unsatisfactory, as the 
precipitates were discoloured and appeared to contain organic matter. A semi-micro-method 
was adopted. About 80 mg. of substance were oxidised by heating in a micro-Kjeldahl flask 
with 0-6 c.c. of concentrated sulphuric acid, hydrogen peroxide being added at intervals until 
a clear green solution was obtained. This was diluted to 15 c.c. with distilled water, and the 
copper in 5 c.c. portions determined in duplicate by the micro-electrodeposition method of 
Pregl, which gives consistent results. 

Quinine cuprichloride (86% yield) forms brick-red granular aggregates of small needles, 
m. p. 210° (decomp.) (Found: Cl, 26-7; Cu, 11-75. Cy9H,.4O,N,,2HCI1,CuCl, requires Cl, 26-7 ; 
Cu, 11-96%). Quinidine cuprichloride (94-5% yield), orange plates, m. p. 208—209° (decomp.) 
(Found: Cl, 26-6; Cu, 11-76. C,. gH,,0O,N,,2HCI1,CuCl, requires Cl, 26-7; Cu, 11-96%). Czn- 
chonine cuprichloride (88% yield) crystallises as a sesquihydrate in long, flat, green needles, 
m. p. 130—132° (decomp.) (Found: H,O, 5:39. C,gH,,ON,,2HCI,CuCl,,1$H,O requires 
1}H,O, 5-1%. Found, in anhydrous material: Cl, 28-0; Cu, 12-3. CygH,,ON,,2HC1,CuCl, 
requires Cl, 28-3; Cu, 12-68%). Cinchonidine cuprichloride (89-7% yield) crystallises as a 
dihydrate in sheaves of yellowish-green, narrow, hexagonal plates, m. p. 128—129° (decomp.) 
(Found : H,O, 7-6. C,gH,.ON,,2HC1,CuCl,,2H,O requires 2H,O, 6-7%. Found, in anhydrous 
material: Cl, 28-0; Cu, 12-61. C,,H,,ON,,2HCI,CuCl, requires Cl, 28-3; Cu, 12-68%). 

Quinene cuprichloride (80% yield), yellowish-green feathery needles, decomp. 125—130° 
(Found: Cl, 27-97; Cu, 12-67. C,ygH,,ON,,2HCI,CuCl, requires Cl, 27:7; Cu, 12-37%). 
Cinchene cuprichloride (86% yield), orange-yellow needles, which darken on heating and de- 
compose at 185—187° (Found: Cl, 29-2; Cu, 12-92. C,H. N,.,2HCI1,CuCl, requires Cl, 29-4; 
Cu, 13-15%). Dihydroquinene cuprichloride (88% yield), yellow needles, decomp. 195° (Found : 
Cl, 27-8; Cu, 12-12. Cy 9H,,ON,,2HCI1,CuCl, requires Cl, 27-6; Cu, 12-34%). 

5-Nitro-6-methoxyquinoline cuprichloride (95% yield) crystallises as a monohydrate in large 
orange needles, greenish-gold in the anhydrous form, which effervesce at 187—189° (Found : 
H,O, 3:3. CsgH,g0,N4,2HCI,CuCl,,H,O requires H,O, 2:84%. Found, in anhydrous material : 
Cl, 22-92; Cu, 10-6. C9H,,O,N,,2HC1,CuCl, requires Cl, 23-07; Cu, 10-33%). Quinaldine 
cuprichlovide (70% yield), orange, diamond-shaped tablets, m. p. 175—178° (decomp.) (Found : 
Cl, 28-66; Cu, 12-67. Cy 9H,gN,,2HCI,CuCl, requires Cl, 28-77; Cu, 12:89%). Quinoline 
cuprichloride (76% yield), small brown needles, which darken and gradually decompose above 
185° (Found: Cl, 35-44; Cu, 21-0. C,H,N,HCI,CuCl, requires Cl, 35-5; Cu, 21-:2%). 

An equimolecular compound of 6-methoxyquinoline cupritri- and cupritetra-chloride is ob- 
tained in excellent yield, and crystallises in chocolate-coloured needles of constant composition, 
m. p. 157—159°, when anhydrous (Found: Cl, 28-6, 28-64; Cu, 14:73; Cl: Cu = 3-48: 1. 
CigH ON, HC1,CuCl, + Cy9HO,N.,2HCI,CuCl, requires Cl, 28-9; Cu, 14:8; Cl: Cu = 3-5: 1); 
it forms a hydrate containing 4-1% H,O. 

Separation of Mixtures.—‘‘ Purified” cinchonine (1 g.), said to contain 10% of dihydro- 
cinchonine, was treated with cupric chloride (1 g.) in 10 c.c. of concentrated hydrochloric acid 
and cooled at 0° for some hours. The complex salt, yield 1-28 g., m. p. 128—130° (decomp.), 
was collected and the filtrate diluted with water, treated with hydrogen sulphide, filtered, 
boiled to remove excess of gas, and basified. The precipitated alkaloid crystallised from 
alcohol in prismatic needles (0-075 g.), m. p. 262°, not depressed in admixture with a specimen 
of dihydrocinchonine of m. p. 267—268°. The product was quite stable to 2%, acidified per- 
manganate. 

Cinchonine—dihydrocinchonine (1:1). The mixture (2 g.,in HCl, 10 c.c.) was treated as above 
(CuCl,, 2. g.; HCl, 6 c.c.) and chilled at — 4° over-night. The yield of cuprichloride was 1-6 g. The 
filtrate, treated as above, yielded 0-9 g. of dihydrocinchonine ; the base was treated with acidified 
permanganate until a coloration persisted (very little was required), then recovered (0-85 g.) 
and crystallised from alcohol, m. p. 267—268°, [«]?° + 203° (¢ = 1-00 in alcohol—chloroform, 
l :2 by vol.). The cuprichloride was dissolved in water, and the cinchonine recovered (1 g.) ; 
prisms, m. p. 260°, [a«]j}° + 221-5° (c = 1-00 in the same mixture), from alcohol. 

Quinidine—dihydroquinidine (1:1). The mixture (2 g.) was treated as above, the total 
volume of acid being 14 c.c. The theoretical yield of quinidine cuprichloride was obtained 
(1-6 g.), from which quinidine was recovered (0-9 g.), m. p. 170—171°, [«]}}° + 273-3° (c = 1-00 
in alcohol—chloroform, as above). The mother-liquor was worked up for the recovery of di- 
hydroquinidine, which was obtained (1 g.) in prismatic needles, m. p. 167? when anhydrous, 
[“)}° ++ 222-5° (c = 1-00 in alcohol). 
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Cinchonidine—dihydrocinchonidine (1:1). The mixture (4 g.), dissolved in 30 c.c. of con- 
centrated hydrochloric acid, was separated into fractions: (i) 2-1 g. (consuming very little 
permanganate), which crystallised in long leaflets from alcohol, m. p. 228—230° (not Gepressed 
by admixture with dihydrocinchonidine), [«]j}° — 96-7° (¢ = 1-00 in alcohol); (ii) 1-8 g., m. p. 
202—203°, [«]#" — 107-5° (c = 1-00 in alcohol—chloroform, as before). 

Quinine—dihydroquinine (1:1). The yield of cuprichloride from the quinine fraction was 
lower than usual (2-6 g. from 4 g. of mixture). The quinine left in solution was isolated with 
the dihydroquinine as a fraction of 2-4 g., which was freed from quinine by oxidation of the 
latter with permanganate, yielding 1-85 g. of dihydroquinine, m. p. 170°. 


The author thanks Dr. H. King for his valuable suggestions and interest in this work, and 
Messrs. Howards and Sons, Ilford, for information regarding commercial cinchona preparations, 


THE NATIONAL INSTITUTE FOR MEDICAL RESEARCH, 
HAMPSTEAD. [Received, June 14th, 1933.] 





236. The Benzoyl Derivatives of Indigotin. 
By E. Hope, R. W. R. Kersey, and D. RICHTER. 


A METHOD which has been used to elucidate the structure of Ciba Yellow (Indigo Yellow 
3G Ciba) (Hope and Richter, J., 1932, 2783), viz., degradation by heating with aqueous 
alkalis, has been applied to the closely related substances called in the patent literature 
Hochst Yellow R (isomeric with dibenzoylindigotin, Cyg9H,,0,N.) and Hochst Yellow U. 

Hochst Yellow R is very easily attacked (when in a state of fine division) by boiling 
aqueous potassium hydroxide (10%), forming approximately equimolecular quantities of 
benzoic acid, anthranilic acid, and a substance, C,,H,O,N, to which we assign the structure 
(I). Avclue to the structure of the original dye is afforded by a study of the last substance, 
which is without doubt the Jactam of an amino-acid, C,gH,,O,N (II), into which it is 
convertible by heating with aqueous potassium hydroxide (15%) in an autoclave at 140°; 
similar treatment of the original dye, of course, yields this amino-acid directly. 
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The properties of the amino-acid (II) are in consonance with the view that it is a 
quinolone, in that the NH group is difficult to acylate. Methylation with methyl sulphate 
and alkali effects successive replacement of hydrogen first on the NH group and then in 
the carboxyl group. 

Further evidence for the proposed structure (I) is provided by a study of the product 
of oxidation. Oxidation by means of warm alkaline permanganate readily yields the 
product, C,gH,,O,N (III), which is a dibasic acid, forming a disilver salt and a dimethyl 
ester. Phthalic acid also is produced, in larger quantity the longer the oxidation is 


continued. The acid (III) loses water between 125° and 145°, and on continued heating | 


at 170—190°, carbon dioxide is given off copiously. The solid residue has the formula 








(10 
an 
me! 
atic 


nili 


H6 


for 
resi 
the 


is ¢ 
to1 
of t 
Cib 
mu: 


Zin 
pro 
xyle 
the 
atio 


10 § 
hyd 
was 
wit] 
was 
fror 
Cag] 
sho 
of 1 


acic 
to 
15 ¢ 


pot: 
is Pp 
app 
ethy 
253. 





con- 
little 
essed 


Mm. p. 


was 
with 
f the 


and 
ons, 


3.] 


llow 
eous 
ture 
v U. 
iling 
s of 
ture 
nee, 
it is 
4()°; 


is a 


iate | 


a in 


luct 
the 
thyl 
1 is 
ing 
ula 











The Benzoyl Derivatives of Indigotin. 1001 


C,5HgO3N, and has been proved to be a Jactone (IV). The formule proposed for (III) and 
(IV) are supported by the following evidence. - 

The''lactone (IV) is readily hydrolysed by warming with aqueous sodium hydroxide 
(10%) to a hydroxy-acid, which can be methylated by methyl sulphate and alkali, yielding 
a methoxy-acid (V) (the lactam linkage being unaffected) and this when maintained at its 
melting point loses methyl alcohol, reverting to the lactone. Further, Zeisel determin- 
ations indicate the presence of one methoxyl group per molecule. When (IV) is oxidised 
in aqueous alkali at 40° with a limited quantity of permanganate, it yields phthalylanthra- 
nilic acid (m. p. and mixed m. p. 218—219°). 

On the basis of the above evidence, it is possible to advance a structural formula for 
Hochst Yellow R. The formula (VI) appears to be the only reasonable one to account 


CO |OHCO CO |/OH CO |/OH 
(VI.) \ A ~\ aml a. 


! C jH N CH, 
F ie C-OH CO 
N 
+ 
CO-C,H; 


for the production of benzoic and anthranilic acids in equivalent amounts, leaving the 
residue represented by (I). If hydrolysis occurs at the dotted lines, and if the substance 
thereby formed loses water, the compound C,,H,O,N is left. 

If Héchst Yellow R is to be represented by (VI), then, since the Dessoulavy compound 
is convertible into it by simple hydrolysis, it becomes necessary to assign a like structure 
to this substance, 7.e., (V1) with Clinstead of OH. It is clear that this view of the structure 
of the Dessoulavy compound implies a new view of the mechanism of its conversion into 
Ciba Yellow 3G, and our former view (/oc. cit.) concerning the mode of this conversion 
must be revised. 

EXPERIMENTAL. 


The Héchst Yellow R used in this work was made from indigo, benzoic anhydride, and 
zinc chloride (G.P. 270943). To ensure removal of accompanying Héchst Yellow U, the crude 
product was boiled twice with acetone, to remove excess benzoic anhydride, and then with 
xylene, the first dye being insoluble in these solvents. Before treatment with aqueous alkalis, 
the dye was obtained in fine division by solution in concentrated sulphuric acid and reprecipit- 
ation by water. 

Action of 15% Potassium Hydroxide——The Héchst Yellow R (damp, corresponding to 
10 g. dry material) was heated for 6 hours in a steel autoclave with 100 c.c. of 15% potassium 
hydroxide. After cooling, the red-brown reaction liquid, which had strong green fluorescence, 
was treated with excess dilute hydrochloric acid (15%). The gummy precipitate was extracted 
with hot ligroin to remove benzoic acid, about one-third of the solid dissolving. The solute 
was proved to be benzoic acid by mixed m. p. The residual pale brown solid was crystallised 
from alcohol and had then m. p. 237° [Found: C, 72-91; H, 3-96; N, 5-34; M (Rast), 275. 
CigH,,03,N requires C, 72-5; H, 4-15; N, 5-28%; M, 265]. The hydrochloric acid liquors were 
shown to contain anthranilic acid by isolating this through its copper salt. The employment 
of less concentrated alkalis in the above reaction had no influence on the nature of the products. 

An experiment with 58 g. of Héchst Yellow R, using the above conditions, gave benzoic 
acid (10 g.), anthranilic acid (12 g.), and C,,H,,0,;N (25 g.); theoretical amounts, according 
to the equation C,,H,,0,N, + 3H,O = C,H,;°CO,H + C,H,(NH,)-CO,H + C,,H,,0,N, are 
15 g., 16-5 g., and 32-5 g., respectively. 

Héchst Yellow R is also degraded by boiling (60 g.) at ordinary pressure with 10% caustic 
potash (500 c.c.) for 5 hours. In this case, accompanying benzoic and anthranilic acids, there 
is produced the /actam, C,,H,O,N [i.e., the dehydration product of the amino-acid (II)], which 
appears in the reaction liquid as an insoluble yellow suspension. Crystallised from toluene, 
ethyl acetate, or acetic acid, it has m. p. 232° [Found: C, 77-84; H, 3-73; N, 5-31; M (Rast), 
253. C,gH,O,N requires C, 77-4; H, 3-62; N, 56%; M, 247]. This lactam is converted 
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into the amino-acid, C,,H,,O,N, under the conditions described on p. 1000. It is evident that 
in the degradation carried out at ordinary pressure that part of the ring structure of Héchst 
Yellow R represented in formula (I) remains intact. 

The Amino-acid C,,H,,O,N (II).—Acetylation is achieved by boiling with acetic anhydride 
and a drop of concentrated sulphuric acid or a little zinc chloride. Addition of water precipitates 
a white solid, which, recrystallised from alcohol, has m. p. 199° (Found: C, 70-38; H, 4-24. 
CigHyO,;N-COMe requires C, 70-36; H, 423%). Benzoylation was not possible by the 
Schotten—Baumann reaction, but when heated with four times its weight of benzoic anhydride 
(1 hour at 165°) (excess of anhydride being removed by warm ether), the amino-acid yields 
a monobenzoyl derivative, m. p. 236° from acetic acid [Found: C, 74-62; H, 4-12. 
C,gHyO,;N(CO-C,H,) requires C, 74:8; H, 407%]. These acyl derivatives regenerate the 
amino-acid on warming with dilute sodium hydroxide solution. 

Methylation. The amino-acid (1 g.) was dissolved in 100 c.c. of 5% sodium hydroxide, and 
4 g. of methyl sulphate gradually added at room temperature. The product, precipitated by 
hydrochloric acid and crystallised from methy] alcohol, had m. p. 183—184° [Found : C, 68-85; 
H, 5-42; N, 4:34; M (Rast), 325. C,H ,g0,;N(CH;),H,O requires C, 68-6; H, 5-5; N, 4-7%; 
M, 297] and was acidic. 

Methylation at 40° with twice the proportion of methyl sulphate gives as main product a 
neutral compound, separating during reaction; recrystallised from methyl alcohol, this had 
m. p. 98° (Found: C, 70-0; H, 5-71; N, 4:4; M, 338. C,gHgO,;NMe,,H,O requires C, 69-45; 
H, 5-5; N, 45%; M, 311). That the second methyl group has produced an ester is shown by 
hydrolysing the second methylation product to the first by means of boiling dilute alkali. 
Formula (II) accounts for this behaviour. 

The Substance C,,H,O,N (I).—This was obtained as described on p. 1001. It is neutral, 
being insoluble in dilute acids or alkalis, but dissolves in concentrated sulphuric acid, giving 
a reddish solution with green fluorescence. It resists the action of benzoic anhydride at 150° 
and also boiling acetic anhydride. 

Oxidation. The substance (20 g.) (in finely divided condition produced by the usual method) 
was stirred vigorously in suspension in 500 c.c. of 5% aqueous sodium hydroxide, finely pulverised 
potassium permanganate (25 g.) being added in small portions during 2} hours, and the reaction 
vessel being in a water-bath at 40—50°. Finally, the temperature was raised to 70°, and the 
warm solution filtered. Hydrochloric acid (12%) was added to the filtrate, which was then left 
for at least 24 hours. Slow separation of colourless crystals occurred, which, after being collected, 
washed, and dried in air, melted with effervescence at 135—138° (Found, in material crystallised 
from ethyl acetate and dried at 100°: C, 61:53; H, 3-73. C,.H,,O,N requires C, 61-34; 
H, 3-52%). The substance readily loses one mol. of water (Loss in 2 hrs. at 125° in a vacuum: 
5-9. C,ysH,O;N,H,O requires 1H,O, 5:75%) (Found in dehydrated specimen: N, 4-99. 
C,,H,O,;N requires N, 4-75%). This acid forms a disilver salt when its ammoniacal solution 
is treated with silver nitrate (Found: Ag, 41-4. C,,H,O,NAg, requires Ag, 40-99%). This 
salt reacted with methy] iodide in boiling benzene and the resulting dimethyl ester was crystallised 
from ethyl acetate and dried at 100° (Found: C, 63-45; H, 4-75. C,gH,;0,N requires C, 63-35; 
H, 4-69%). 

Action of Heat on the Hydroxy-acid, CygH,,O,N (II1).—When this acid is heated in a wide 
test-tube fitted with a delivery tube, two stages of decomposition are observed (see p. 1000), 
and the product finally solidifies, then melts at 210—212°; m. p. 216—217° from alcohol or 
ethyl acetate (Found : C, 71:9; H, 3-67; N, 5-3. C,;H,O;N requires C, 71-7; H, 3-6; N, 5°6%). 
This lactone (IV) is insoluble in cold sodium carbonate or hydroxide, but dissolves slowly on 
continued heating with dilute alkalis. Confirmation of its structure follows from examination 
of the effects of methylation. The lactone (3 g.) is dissolved in hot dilute sodium hydroxide 
(50 c.c.) and stirred vigorously at 15° while methyl sulphate (12 g.) is gradually dropped in 
from a burette. Addition of dilute hydrochloric acid precipitates the product (Found, in 
specimen, m. p. 172—173°, recrystallised from ethyl alcohol—-water: C, 67-91; H, 4°84; 
MeO, 9°8. C,gH,,;0,N requires C, 67-85; H, 4-6; MeO, 10-9%), which is clearly a methoxy- 
monobasic acid. It decomposes at its m. p. (see p. 1001) to give the lactone C,,;H,O,N. 

The hydroxy-acid corresponding to this lactone was isolated (2-5 g.) by refluxing the latter 
(5 g.) for a short time with 10% sodium hydroxide and acidifying with acetic acid. The acid 
(Found : C, 66-75; H, 4:33; loss on heating at 130°, 6-76. C,;H,,0O,N requires C, 66-9, H, 4:1; 
loss of 1H,O, 669%) is soluble in sodium carbonate solution and reverts to the lactone readily 
on heating. The silver salt could not be obtained entirely free from silver oxide; when it 
was dried and warmed gently with a benzene solution of methyl iodide, it afforded the methyl 





that 
Ichst 


lride 
tates 
4-24. 

the 
lride 
ields 
4-12. 

the 


Dyke and King: The Constitution of Sulpharsphenamine. 1003 


ester, m. p. 207° from methyl alcohol (Found : C, 67-58; H, 4-67. C,,H,,;0,N requires C, 67-85; 
H, 46%). 

This isomeride of the substance prepared by the use of methyl] sulphate does not lose methyl 
alcohol when heated at the m.p. or above. 

The authors thank the Chemical Society for several grants. 


DysSON PERRINS LABORATORY, OXFORD. [Received, June 6th, 1933.] 





237. The Constitution of Sulpharsphenamine. 
By W. J. C. Dyke and Haroip KInc. 


SULPHARSPHENAMINE is defined by the British Pharmacopceia 1932 as a product which 
may be prepared by the action of formaldehyde and sodium hydrogen sulphite on 3 : 3’- 
diamino-4 : 4’-dihydroxyarsenobenzene dihydrochloride (salvarsan). The first reference 
to a substance of this type is to be found in D.R.P. 249726 (Farbwerke vorm. Meister 
Lucius and Briining, 1911), according to which 3: 3’-diamino-4 : 4’-dihydroxyarseno- 
benzene (salvarsan base) is warmed with formalin (40%) and sodium hydrogen sulphite 
solution (40%) until all the base is in solution. On addition of hydrochloric acid an acid 
is liberated containing only one methylenesulphite radical. In 1919 Lévy-Bing, Lehnhoff- 
Wyld, and Gerbay (Annales Maladies Vénériennes, 14, 520) described a substance called 
sulfarsenol, and gave it the constitution of a mono-N-methylenesulphite of salvarsan 
base (I), but in the literature accompanying the ampoules later than 1923 it is shown as 
an NN’-dimethylenesulphite of salvarsan base (II). 


OH OH OH 


[ v3 
NH NH-CH,*0:SO,Na _NaSOyCH,'N [ GHs-HN | 
| | | S000 as= 
12 


AS —.As | Ase 
(I.) ; (II.) (III.) 

A substance to which the same structure (II) was given, and which was called sulphars- 
phenamine, was described in detail by Voegtlin, Johnson, and Dyer (U.S. Pub. Health Rep., 
1922, 37, 2783), and by Voegtlin and Johnson (J. Amer. Chem. Soc., 1922, 44, 2573). 
According to these authors, salvarsan was treated in aqueous solution with formaldehyde 
(2 mols.; 40°%) for about 60 secs., and then sodium hydrogen sulphite solution (4 mols. ; 
40°/,) was added in two portions, and the mixture stirred until solution had been effected. 
The product was then poured into alcohol. The formaldehyde was supposed to form an 
intermediate formaldehyde-imide, which then formed an ester salt with the sodium hydrogen 
sulphite analogous to the well-known methylenesulphurous acid derivatives of aniline, 
R-NH-CH,°O-SO,Na (Abelin and Perelstein, Annalen, 1916, 411, 216). Analysis of a 
large number of batches made with slight variations in the procedure showed that the 
atomic ratio As : S varied between 1: 1 and 1: 1-45. On addition of glacial acetic acid to 
a concentrated aqueous solution of sulpharsphenamine, a free acid was said to have been 
obtained with a ratio As:S =1:1-02. According to Newbery and Phillips (J., 1928, 
116), this product is probably not the free acid but a sodium salt. Christiansen (J. Amer. 
Chem. Soc., 1923, 45, 2184) gave improved practical details for the manufacture of sulph- 
arsphenamine, and found that, using 2 molecular proportions of sodium hydrogen sulphite 
in its preparation, a product with an atomic ratio As:S = 1: 0-87 was obtained, but 
with 4 molecular proportions the ratio became 1: 1-26. In 1925 Elvove (U.S. Pub. 
Health Rep., 40, 1235) introduced a valuable means for differentiating between sulphars- 
phenamine and neoarsphenamine (neosalvarsan), for he found that iodine in alkaline 
solution oxidised nearly all the sulphur of neoarsphenamine to sulphate, whereas in 
sulpharsphenamine less than one-half was so oxidised. To account for the latter results, 
he supposed that organically bound sulphur in sulpharsphenamine was not oxidised by 
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iodine in alkaline solution, but that any uncombined sodium formaldehydebisulphite, 
or any unknown combination which is unstable under the conditions of the assay and 
behaves like sodium formaldehydebisulphite, was oxidised to sulphate. On this basis, 
sulpharsphenamine was regarded as a mixture of Voegtlin and Johnson’s 3 : 3’-diamino- 
4 : 4’-dihydroxyarsenobenzene-NN’-dimethylenesulphite and varying proportions of free 
sodium formaldehydebisulphite. 

In 1928 an important contribution to the subject was made by Newbery and Phillips 
(loc. cit.), who made the surprising discovery that, when salvarsan base was condensed 
at 60° with preformed sodium formaldehydebisulphite, the products, described by them 
as mono- or di-N-methylenesulphurous acid substitution products of salvarsan base, 
contained a type of sulphur linkage which was completely oxidised to sulphate by Elvove’s 
procedure. On the other hand, it was found that when the hydrochlorides of various 
anilines and aminophenols were condensed with formaldehyde and sodium hydrogen 
sulphite in succession at room temperature, in aqueous solution, it was only in the case 
of o-aminophenol and its derivatives that a partial differential oxidation of sulphur by 
Elvove’s method was observed. In these cases the significant fact emerged that the 
atomic ratio of arsenic to non-oxidised sulphur was approximately unity. Furthermore, 
mild acid hydrolysis at 60—70° of sulpharsphenamine, which is an o-aminophenol deriv- 
ative, gave a product completely oxidisable under Elvove’s conditions, and apparently 
identical with the substance obtained by the action of preformed sodium formaldehyde- 
bisulphite on salvarsan base. In the case of o-aminophenol and its derivatives, Newbery 
and Phillips conclusively proved that two types of sulphur linkage were possible, but they 
were unable to give a completely satisfactory explanation of their novel observations. 

Christiansen (J. Amer. Pharm. Assoc., 1930, 19, 951), from a study of the J, of various 
sulpharsphenamines and of the product precipitated by glacial acetic acid which, following 
Voegtlin and Johnson, he regarded as the free acid, and of the stability of these in solu- 
tion, concluded that the sodium salt of sulpharsphenamine is represented by (II) but the 
free acid by (III). 

The present investigation, which we believe affords a satisfactory solution of the 
problem of the constitution of sulpharsphenamine, was undertaken as‘a stage in the 
elucidation of a much more difficult problem, viz., the structure of neoarsphenamine 
(neosalvarsan) with its highly unsaturated sulphoxylic acid side chains. It was soon 
realised that in the chemical investigation of products which have been prepared by using 
a reactive substance like formaldehyde, which might attack various points in the substrate, 
some analytical method was required which would give a quantitative estimate of the 
formaldehyde recoverable by hydrolysis. Such a one has been found, and it depends on 
Signer’s (Helv. Chim. Acta, 1930, 18, 43) and Wood’s (J. Soc. Chem. Ind., 1933, 52, 337) 
modification of Romijn’s iodometric method. When sodium formaldehydebisulphite or 
N-methylenesulphurous acid derivatives of anilines of known constitution are distilled 
to a small volume from N-sulphuric acid solution, and the formaldehyde and sulphur 
dioxide trapped in N-sodium hydroxide, they may both be estimated by the addition of 
the appropriate amount of N/10-iodine. Acidification and back titration with thiosul- 
phate of an aliquot portion gives a combined measure of the formaldehyde and sulphur 
dioxide, whilst removal of the free iodine by sodium arsenite from the remainder and 
precipitation of the sulphate as barium sulphate gives a measure of the sulphur dioxide, 
whence, by difference, the formaldehyde is determined. This method has proved in- 
valuable for the investigation of sulpharsphenamine and allied products. 

When #-aminophenylarsonic acid is condensed by warming with preformed sodium 
formaldehydebisulphite in neutral solution (Abelin, Biochem. Z., 1916, 78, 191) or with 
formaldehyde and sodium hydrogen sulphite added separately, -aminophenylarsonicacid-N- 
methylenesulphurous acid (IV; M = H) is obtained on making the concentrated solution 
strongly acid to Congo-red paper, but when the reaction is less acid, but still definitely 
acid to this indicator, sodium p-aminophenylarsono-N-methylenesulphite (IV; M = Na) 
separates, thus indicating the strongly acid nature of the N-methylenesulphite radical. 
This crystalline substance gives up all its sulphur as sulphate when oxidised by iodine in 
alkaline solution under Elvove’s conditions, and by our method of estimating the methyl- 
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enesulphite radical shows formaldehyde and sulphurous acid in almost quantitative 
amount and in the ratio unity. When 3-amino-4-hydroxyphenylarsonic acid, the parent 


NH-CH,0:SO,M OH 


(IV.) NH-CH,°0°SO,M’ (V.) 


XsO,H, AsO,HM” 


substance of sulpharsphenamine, is condensed at 80° in approximately neutral solution 
with preformed sodium formaldehydebisulphite, disodium 3-amino-4-hydroxyphenylarsono- 
N-methylenesulphite hexahydrate (V; M’,M’’ = Na) is obtained in almost quantitative 
yield on concentration, but if the reaction be adjusted to neutrality to Congo-red paper 
the monosodium salt tetrahydrate (V; M’ = Na, M” = H) separates as a very soluble product. 
This important substance is devoid of trypanocidal action, as would be expected (Gough 
and King, J., 1930, 677; Cohen, King, and Strangeways, J., 1931, 3241); it contains no 
free amino-group, contains a free phenolic group, as shown by titration, and it gives striking 
colour reactions under certain conditions with nitrous acid and also with iodine. It is 
oxidised quantitatively by Elvove’s method, and reacts quantitatively in our method of 
estimating the methylenesulphite radical. When, however, the hydrochloride of 3-amino- 
4-hydroxyphenylarsonic acid is condensed with formaldehyde (40%) followed by sodium 
hydrogen sulphite (40°) in aqueous solution and then warmed in neutral solution with 
sodium formaldehydebisulphite, only a small yield of disodium 3-amino-4-hydroxyphenyl- 
arsono-N-methylenesulphite (V) can be isolated, but the mother-liquor, on quantitative 
examination of an aliquot part by Elvove’s method and by our method for the methylene- 
sulphite present, free or combined, shows the presence of a methylenesulphite group which 
cannot be estimated by Elvove’s method. Attempts to isolate this new key substance | 
in a complete state of purity as a crystalline solid have so far failed. 

Armed with the information afforded by these crystalline methylenesulphurous acid 
derivatives, we turned our attention to the amorphous products obtained from arseno- 
compounds. 

When commercial sulpharsphenamine, conforming to B.P. 1932 and containing about 
20% of arsenic, was examined by Elvove’s method for oxidised sulphur, which would 
include any sulphite or sulphate originally present, the results in Table I were obtained. 


TABLE I. 

British. German. French. American. 
B. Cc, D. 
12 1 
7 


E. ‘ 
1 8 2-0 12: 12: 


3°2 
3°5 
9°7 


8 
5°4 2 


* By difference. 


These products, each of which originates from a different firm of manufacturers, show a 
very close similarity in total sulphur content, and 5 out of 6 show a similar distribution 
of oxidised and unoxidised sulphur. The problem thus resolved itself into finding, with the 
new analytical methods available, the nature of the linkage by which the sulphur un- 
oxidised by Elvove’s method was attached to the molecular structure. 

A number of ampoules of these products (E) being available, a more detailed analysis 
was made of the combined product, with the results shown in Table II. 


TABLE II. 


As. Total S. VolatileS. Oxidised S. Unoxidised S. CH,O. 


EE | ccrcihcccnmeciacassiioeti 19°1 11°9 11°5 3°5 8°4 10°9 
Atomic ratios 2°0 2°9 2°8 0°9 2:1 2°9 


The product contained 1-35% of sulphur as free sulphate, and this has been deducted from 
the values for total sulphur and oxidised sulphur (Elvove). The results for volatile sulphur or 
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sulphur dioxide and formaldehyde, determined by our method for methylenesulphite groups, 
prove conclusively that the sulphur which is not oxidised to sulphate by iodine in alkaline 
solution is still present as combined sulphur dioxide in association with an equimolecular 
proportion of formaldehyde. Other oxidising agents, such as bromine or hydrogen 
peroxide in boiling ammoniacal solution, do also, in fact, convert this unoxidised sulphur 
into sulphate. In this sample of sulpharsphenamine, therefore, on the simplest assump- 
tion there are 2-8 methylenesulphite radicals for every 2 atoms of arsenic, and of these 
radicals, 1-9, being the difference between the volatile sulphur and the oxidised sulphur, 
are unattacked by iodine in alkaline solution. They cannot be present as free sodium 
formaldehydebisulphite, since this substance gives up its sulphur quantitatively as 
sulphate under the Elvove conditions. 

Newbery and Phillips (/oc. cit.) showed that sulpharsphenamine on mild acid hydrolysis 
at 70° gives a product which does not contain any appreciable amount of sulphur which 
resists oxidation by Elvove’s method. It is familiar to workers in this field, that, when 
sulpharsphenamine is dissolved in water and the solution acidified, there is no precipitate 
formed until a large excess of mineral acid has been added, whereupon a precipitate 
suddenly appears. Ona preparative scale, this delay in the appearance of any precipitate 
until the requisite acidity is reached is very striking and indicates the probable operation 
of hydrolytic processes. The composition of the acid precipitated from the solution of 
sulpharsphenamine (combined sample E) is shown in Table III. 


TABLE III. 
As. TotalS. VolatileS. Oxidised S. Unoxidised S. CH,O. 


SS ATE 31°4 77 6°6 5°8 1°9 6°5 
Atomic ratios . 11 1:0 0°9 03 1:0 


By comparison with the previous table, it will be observed that this acid now contains 
only one methylenesulphite radical, and almost all of it is of the type which is oxidised by 
iodine in alkaline solution. By analogy with the similar behaviour on oxidation of Abelin’s 
acid and of crystalline 3-amino-4-hydroxyphenylarsono-N-methylenesulphite, this 
methylenesulphite radical is attached to nitrogen. It follows that treatment of sulphars- 
phenamine in solution with mineral acid at room temperature effects the same hydrolysis 
as was observed by Newbery and Phillips at 70°. During this mild process, 1-9 methylene- 
sulphite radicals which are unattacked by Elvove’s method have been detached from their 
union with the arsenobenzene molecule. That these groups are really attached to the 
main molecular structure and are not free in solution in some unreactive form, follows from 
the results of precipitation of sulpharsphenamine by glacial acetic acid. A sample of 
sulpharsphenamine was prepared by Christiansen’s method (loc. cit.) and analysed. A 
portion was precipitated by glacial acetic acid following Voegtlin and Johnson’s procedure, 
and another portion precipitated with excess of hydrochloric acid. Analysis of these 
products, as summarised in the atomic ratios (Table IV), demonstrates that after acetic 
acid treatment the product is still a sodium salt, as was suggested by Newbery and Phillips, 
and the major portion of the methylenesulphite radical which is unattacked by iodine in 
alkaline solution is still present. Incidentally, the proof that the acetic acid product is 
a sodium salt disposes of Christiansen’s formula (III). 


TABLE IV. 


Atomic ratios. 

TotalS. VolatileS. Oxidised S. Unoxidised S. CH,O. Na. 

Sulpharsphenamine 2°4 2°1 0°7 1°7 2°2 17 
After CH,‘CO,H one 1°8 0°7 cone 2-2 13 
After HCl 12 10 0°7 0°5 10 —_ 
Furthermore, it will be noticed that the composition of the free acid precipitated by 
mineral acid agrees very well with the composition of the corresponding acid made from 
a commercial sulpharsphenamine (Table III). The fact that the ratio of atoms of arsenic 
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to atoms of oxidised sulphur is unaltered by hydrochloric acid treatment either in the 
commercial product (Tables II and III) or in our own preparation (Table IV), shows that 
there is no appreciable amount of free sodium hydrogen sulphite or sodium formaldehyde- 
bisulphite in these preparations. 

We believe that these results admit of only one interpretation : the methylenesulphite 
groups which are shown by Elvove’s method are attached to amino-groups, whilst those 
which are not shown are attached to phenolic groups. On this view, commercial sulphars- 
phenamine (F), examined above, would correspond approximately to a sodium salt of 
3 : 3’-diamino-4 : 4’-dihydroxyarsenobenzene-OO’N-trimethylenesulphurous acid (VI), 
which on treatment with excess of mineral acid at room temperature gives 3 : 3’-diamino- 


HN NH-CH,;0-SO,H 
SO,H-O-CHOK As=As€_>0-CH,-0-S0,H 


4: 4’-dihydroxyarsenobenzene-N-methylenesulphurous acid (as in I), with loss of the 
radicals attached to the phenolic groups. The instability of formaldehyde attached to 
oxygen groups towards strong mineral acids and stability towards alkali are well known. 
We have, however, been unable to find any example in the literature of the attachment 
of methylenesulphite groups to phenolic groups, although there are a few cases known 
of formaldehyde attaching itself to isolated phenolic groups (D.R.P. 89979). The possi- 
bility that there is some ring formation involving the amino- and hydroxyl groups, as was 
suggested by Newbery and Phillips to account for the fact that m- or f-aminophenols do 
not show the Elvove phenomenon, seems to be excluded by our results. 

On our view, when formaldehyde and sodium hydrogen sulphite in succession are added 
to the hydrochlorides of o-aminophenol derivatives at room temperature, the formal- 
dehyde attacks the phenolic group in preference to the amino-group, which is protected - 
by salt formation, but some substitution on the latter does take place : 


OH O-CH,OH O-CH,*0-SO,Na 


(VI.) 


Co 0 as Ox 


This has been amply exemplified by the cases of salvarsan and of the hydrochloride of its 
parent amino-acid. When, however, preformed sodium formaldehydebisulphite reacts 
with o-aminophenol derivatives in neutral or weakly alkaline solution at 60—70°, con- 
densation takes place on the amino-groups. This is shown by the fact that salvarsan base 
condensed in this way gives a product in which the methylenesulphite radicals are all 
oxidised to sulphate under Elvove’s conditions as the following results demonstrate : 


TABLE V. 
As. Total S. Volatile S. Oxidised S. Unoxidised S. CH,O. 


Atomic ratio 2-1 1°8 1°8 0°3 1:7 
Free acid 1:2 0°8 0°8 0°3 0°8 


We also find that when sodium 3-amino-4-hydroxyphenylarsonate is similarly condensed 
with preformed sodium formaldehydebisulphite, the mother-liquors after removal of the 
3-amino-4-hydroxyarsono-N-methylenesulphite show only a quite small proportion of 
methylenesulphite radicals unoxidised by iodine in alkaline solution. Moreover, when a 
product which approximates to a disodium 3 : 3’-diamino-4 : 4’-dihydroxyphenylarseno- 
NN’'-dimethylenesulphite is treated in aqueous solution at 0° with hydrochloric acid, an 
acid is immediately precipitated which corresponds approximately to a 3: 3’-diamino- 
4 : 4’-dihydroxyphenylarseno-N-methylenesulphurous acid (Table V). The free acid of 
the disubstituted product is therefore unstable, and this accounts for the results obtained 
in the earliest patent on this subject. It also explains why Newbery and Phillips, by 
mild acid hydrolysis of sulpharsphenamine at 60—70°, obtained a product apparently 
identical with the product of mild acid hydrolysis in hot solution of the condensation 
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product of salvarsan base with preformed sodium formaldehydebisulphite, since both 
products are essentially the same mono-N-methylenesulphite. 

In further confirmation of our interpretation of the results, it has been found that 
the monosubstituted acid obtained, ¢.g., from commercial sulpharsphenamine (E) by the 
action of excess of mineral acid (Table III), on analysis for carbon content showed a ratio 
of arsenic to carbon of 2: 12-7, in agreement with the distillation results. This indicates 
that none of the formaldehyde used in the condensation in weakly acid solutions has 
entered the nucleus. It should therefore be possible to isolate 3-amino-4-hydroxyphenyl- 
arsonic acid by the oxidation of the hydrolytic products of sulpharsphenamine, and this 
we have been able to do both by iodine and by hydrogen peroxide. 

It was shown by Voegtlin and Johnson that sulpharsphenamine made according to 
their procedure had a fg between 3-2 and 4-6, and Christiansen (J. Amer. Pharm. Assoc., 
1930, 19, 951) found values between 2-44 and 4-36 for commercial products. Christiansen 
has also shown that the number of atoms of sulphur usually exceeds the number of atoms 
of sodium present. On a sample of sulpharsphenamine made by ourselves by Christian- 
sen’s procedure, we find (Table IV) that for every 2-1 methylenesulphite radicals there are 
only 1-7 atoms of sodium. This ratio is also very little changed by precipitation of the 
product with acetic acid. The origin of the acidity is due to the use of salvarsan (dihydro- 
chloride) in the preparation of sulpharsphenamine. The hydrochloric acid groups create 
an initial acidity in the reaction mixture which is only partially neutralised by loss of 
sulphur dioxide on addition of the sodium hydrogen sulphite and thus persists in the final 
product. Since there is a deficiency of sodium for all the acidic groups present, one of 
the strongly acid methylenesulphurous acid radicals of sulpharsphenamine is partly 
neutralised by a free amino-group in the solid product, and this internal salt is hydrolysed 
to an acid reaction on solution in water. In our own preparation of sulpharsphenamine 
(Table IV), out of 2-1 methylenesulphite radicals only 1-7 are neutralised by sodium, or 
if we take the total number of sulphur atoms, 2-4, which is made up of 2-1 methylene- 
sulphite groups and 0-3 atom of nuclear sulphur probably present as sulphonic acid groups 
(King, J., 1921, 119, 1415), there is an excess of 0-7 acidic group over the sodium atoms 
present. This should be ample to account for the observed acidity. As certain commercial 
samples of sulpharsphenamine are neutral in reaction it would appear that the reaction 
mixture in these cases is neutralised before precipitation by alcohol. 

The solution of the problem of the constitution of sulpharsphenamine presented in 
this paper raises the important question of the relation between the structure of the 
9 possible O- and (or) N-methylenesulphites of salvarsan and their toxicity and therapeutic 
action. Some progress has already been made in this direction, and we hope to com- 


municate our results shortly. 
EXPERIMENTAL. 


Analytical Methods.—Estimation of methylenesulphite groups. 0-15—0-2 G. of the substance 
is dissolved in water (20 c.c.), with the addition of a few drops of dilute sodium hydroxide 
solution, if necessary, in a flask fitted with a rubber stopper carrying an anti-splash bulb sealed 
to the inner tube of a water condenser. Approximately N-sulphuric acid (150 c.c.) is added to 
the solution in the flask, which is then gradually heated. Distillation is continued until the 
volume of the original solution is reduced to 20 or 30 c.c. The sulphur dioxide which comes 
over first is absorbed beneath the surface of N-sodium hydroxide (20 c.c.) in the receiver. 
Standard 0-1N-iodine (50 c.c.) is then pipetted into the distillate, and the mixture allowed to 
stand for 5 min. before acidification with N-hydrochloric acid (21 c.c.). The solution is then 
made up accurately to 250 c.c. Back titration of 100 c.c. of this solution with 0-1N-sodium 
thiosulphate gives a combined measure of the formaldehyde and sulphur dioxide. The 
remaining 150 c.c. are transferred to a beaker, and decolorised by the addition of approx. 
0-05M-sodium arsenite solution. After addition of N-hydrochloric acid (5 c.c.), the sulphur 
is gravimetrically determined as barium sulphate in the usual manner. The amount of iodine 
required to oxidise the sulphur dioxide to sulphate may then be calculated, and subtraction 
of this value from the total iodine consumption of the distillate enables the formaldehyde 
content to be ascertained. The formaldehyde determination, containing accumulated errors, 
is obviously less accurate than that of sulphur. The method described has, however, been 
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found quicker and more convenient and reliable than Clowes and Tollens’s gravimetric method 
for O-methylene groups (Ber., 1899, 32, 284), which tends to give high results. The following 
are typical results for methylenesulphite groups. 
Found. Calc. 
Substance. o> CHO, %. . CH,O, %. 
CH,(OH)-SO,Na,H,O 18°8 19°7 
AsO,H,°C,H,*NH-CH,*SO,H “ 9°4 . 9-6 
AsO,HNa:C,H,(OH)-NH-CH,*SO,Na,6H,O 6: 61 63 


The results for formaldehyde determinations on AsO,H,°CgH,-NH-CH,°SO,Na by Clowes 
and Tollens’s method were: Found: 10-2, 10-2, 10-4. Calc.: 9-0%. 

Elvove sulphur and oxidised sulphur. The method of Elvove (loc. cit.) was used. About 
0-15 g. of the substance is dissolved in water (50 c.c.), treated with 0-1N-iodine (50 c.c.), and then 
N-sodium hydroxide (20 c.c.). After 1 hour, the excess iodine is first liberated by acidification 
of the solution with hydrochloric acid (21 c.c.) and then removed by the addition of sufficient 
0-05M-sodium arsenite. Another 5 c.c. of N-acid are added, and the sulphate in the solution 
estimated as barium sulphate in the usual way. The amount of sulphur weighed in this form 
(called Elvove sulphur) includes any originally present as free inorganic sulphate. The true 
value for the oxidised sulphur is obtained by difference. 

Inorganic sulphate. To avoid oxidation of any sulphites which might be present in the 
products examined, the following method was used. 0-3N-Hydrochloric acid (200 c.c.) is boiled 
to remove dissolved air. While the solution is still hot, 0-25 g. of substance is added, and the 
methylenesulphite sulphur removed as sulphur dioxide by boiling the liquid down to half its 
volume. The inorganic sulphate left in solution is then precipitated as barium sulphate, 
which is separated and weighed after 24 hours. A somewhat similar method has been used 
by Elvove (J. Ind. Eng. Chem., 1922, 14, 624) for free sulphate in neosalvarsan. 

Total sulphur. This was determined by fusing the sample with a mixture of anhydrous 
sodium carbonate (2 parts) and sodium peroxide (1 part) in a covered nickel crucible. The. 
melt was dissolved in water, filtered, and acidified with hydrochloric acid, the sulphate being 
then estimated as barium sulphate. 

Arsenic. This element was determined by the method of Ewins (J., 1916, 109, 1356), 
and the equivalents of arsonic acids were determined by the titrimetric method of King and 
Rutterford (J., 1930, 2138). 

Sodium p-Aminophenylarsono-N-methylenesulphite (IV; M = Na).—p-Aminophenylarsonic 
acid (4:3 g.) in N-sodium hydroxide (20 c.c.) was treated with sodium formaldehyde- 
bisulphite (6 g.), complete solution being effected by warming to 70°. After 12 hours at 37° 
the reaction was made slightly acid to Congo-red paper by addition of 3N-hydrochloric acid. 
The crude monosodium salt (5-3 g.) which separated was ground under 75% alcohol to remove 
chlorides, and then crystallised from water (4 c.c.) [Found: As, 19-6; Na, 6-4; S (Elvove), 
8-7; S (volatile), 8-5; CH,O, 7-7; H,O, 13-1; equiv., 189-6. C,H,O,NSAsNa,2}H,O requires 
As, 19-8; Na, 6-1; S, 8-5; CH,O, 7-9; H,O, 11-99%; equiv., 189-1). 

The same compound was also obtained by treating a solution of p-aminophenylarsonic 
acid (2-2 g.) in N-sodium hydroxide (10 c.c.) at room temperature for 5 mins. with formalin 
(40%, 1-5 c.c.) followed by sodium hydrogen sulphite solution (40%, 5 c.c.). After standing 
for 12 hours at 37°, the liquid was worked up as above; yield 1-85 g. (Found, on anhydrous 
product dried in a vacuum: equiv., 168-3. Calc.: equiv., 166-6). 

If the reaction of the solution is made strongly acid to Congo-red paper, the free p-amino- 
phenylarsono-N-methylenesulphurous acid (IV; M =H) of Abelin (loc. cit.) separates 
instead of the sodium salt [Found: S (Elvove), 10-4; S (volatile), 10-4; CH,O, 9-4; equiv., 
103-3. Calc.: S, 10:3; CH,O, 96%; equiv., 103-7]. 

Disodium 3-Amino-4-hydroxyphenylarsono-N-methylenesulphite (V; M’,M” = Na).—This 
substance was obtained in almost quantitative yield by adding sodium formaldehydebisulphite 
(30 g.) to a solution of 3-amino-4-hydroxyphenylarsonic acid (23-3 g.) in 2N-sodium hydroxide 
(51 c.c.) and heating the solution for 30 mins. at 80°. The pale yellow solution was concentrated 
to one-half its volume at 50°, and kept at 0° for 24 hours. Two crops, 36-9 g. and 8-5 g., were 
obtained, and these were combined and crystallised three times from half their weight of water. 
The disodium salt separated as a hexahydrate in long acicular crystals [Found : C, 17-3; H, 4:5; 
As, 15-6; Na, 9-9; S (Elvove), 6-7; S (volatile), 6-8; CH,O, 6-1; H,O at 110°, 19-6. 
C,H,O,NSAsNa,,6H,O requires C, 17-5; H, 4:2; As, 15-6; Na, 9-6; S, 6-7; CH,O, 6-3; 
5H,O, 188%]. 0-1174 G. of the substance required 4-71 c.c. of 0-1N-sodium hydroxide for 
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neutralisation by the method of King and Rutterford, the calculated value for one acidic 
group being 2-45 c.c. This shows therefore a 92% neutralisation of the phenolic group. No 
free amino-group could be detected by diazotisation and coupling with sodium $-naphthoxide. 
A deep red coloration is obtained when an aqueous solution of the compound is treated with 
iodine, ferric chloride, nitric acid, or bromine; also in acid solution with potassium perman- 
ganate or dichromate, sodium nitrite, or chloramine-T. 

After removal of the crystalline solid, equal aliquot portions of the mother-liquor from the 
above preparation were analysed for ‘‘ Elvove sulphur” and “volatile sulphur.” The 
weights of barium sulphate were in the ratio 17 : 19, thus showing the absence of any appreciable 
amount of condensation product containing a type of methylenesulphite linkage not oxidised 
under Elvove’s conditions. 

Sodium 3-Amino-4-hydroxyphenylarsono-N-methylenesulphite Tetrahydrate (V; M’ = Na, 
M” = H).—This salt (2-2 g.) was obtained when the above disodium salt (9-2 g.) was dis- 
solved in N-hydrochloric acid (20 c.c.) and the solution concentrated in a desiccator. The 
substance was recrystallised twice from water, in which it is extremely soluble, and then 
separated in minute needles (Found: As, 17-4; Elvove S, 7-7. C,HsO,NSAsNa,4H,0 requires 
As, 17-8; S, 76%). 0-1058 G. required 7-05 c.c. of 0-1N-sodium hydroxide (Calc., for 2 
acidic groups: 5-02 c.c.), whence it follows that 80% of the phenolic group is neutralised during 
titration. This monosodium salt is much less stable than the disodium salt; it chars on drying 
at 90°. Its aqueous solution is acid to Congo-red and gives a deep red colour with sodium 
nitrite without addition of acid. 

Condensation of 3-Amino-4-hydroxyphenylarsonic Acid with Formaldehyde and Sodium 
Hydrogen Sulphite in Succession in Acid Solution.—The amino-acid (4-7 g.) in 3N-hydrochloric 
acid (12 c.c.) and water (10 c.c.) was treated with formalin (3 c.c.) for 1 min. at room temper- 
ature. Sodium hydrogen sulphite solution (40%, 10 c.c.) was added, and after 5 mins. the 
solution was neutralised to litmus by the addition of sodium hydroxide. After addition of 
sodium formaldehydebisulphite (4-5 g.), the solution was heated at 80° for 30 mins. and then 
concentrated in a vacuum over sulphuric acid. On being kept at 0° for some days, a crop 
(2-6 g.) of crystals separated, and on further concentration and prolonged keeping further 
small crops containing sodium formaldehydebisulphite and sodium chloride were removed. 
The combined crops gave pure disodium 3-amino-4-hydroxyphenylarsono-N-methylenesulphite 
(0-55 g.) on two crystallisations from water [Found: As, 15-3; S (volatile), 6-8; H,O, 19-3. 
Calc.: As, 15-6; S, 6-7; H,O, 188%]. The viscous mother-liquor could not be induced to 
crystallise further at neutrality or at pg 4—5. On analysis of equal portions for ‘‘ Elvove 
sulphur’ and “ volatile sulphur” weights of barium sulphate were obtained in the ratio 
0-21: 0-31, indicating the presence of sulphite sulphur in some form unoxidised by iodine in 
alkaline solution. The residual gum was diluted slightly and poured in a thin stream into 
alcohol (100 c.c.) with vigorous stirring. The precipitated solid was reprecipitated in a similar 
manner, and thus obtained as a cream-coloured, amorphous, hygroscopic powder (5—6 g.) 
[Found in vacuum-dried material: As, 10:3; S (Elvove), 7-6; S (volatile), 12-6; S (free 
SO,”), 0-6; CH,O, 10:9%; As : oxidised S : volatile S:CH,O = 1: 1-6: 2-9: 2-5]. This 
crude material probably contains the condensation product of 3-amino-4-hydroxyphenyl- 
arsonic acid containing two methylenesulphite groups, one of which resists oxidation by the 
Elvove method. 

Commercial Sulpharsphenamine.—The results of the analysis of British, German, French, 
and American sulpharsphenamine are shown in Table I. As a rule about one-third of the total 
sulphur is found by oxidation with iodine in alkaline solution (Elvove’s method), the major 
portion of the remainder being found by our method for methylenesulphite groups or by other 
oxidising agents. Thus the American sulpharsphenamine (F) gave S, 11-3% by oxidation 
with ammoniacal hydrogen peroxide and S, 10-6% by oxidation with bromine water. 

A characteristic colour reaction, given by all sulpharsphenamines examined, is the deep-red 
coloration obtained when their aqueous solutions are treated with sodium nitrite and then 
acidified with hydrochloric acid. This may be the same colour reaction as is given by crystalline 
3-amino-4-hydroxyphenylarsono-N-methylenesulphite. On treatment with ‘‘ perhydrol,’’ solu- 
tions of sulpharsphenamine give a transient purple coloration which rapidly becomes dark red. 

A more detailed analysis of French sulpharsphenamine (E) was possible by combining 22 
ampoules to yield 13-2 g. of material [Found: As, 19-1; total S, 13-3; S (Elvove), 4-9; un- 
oxidised S (by diff.), 8-4; S (volatile), 11:5; S (free SO,”), 1:35; CH,O, 10:9%]. The chief 
impurity in commercial sulpharsphenamines appears to be a sulphate, probably sodium sulphate. 
Thus the above value of free sulphate, 1-35%, would correspond to the presence of 6% of sodium 
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sulphate, and if a correction is made for this, the resulting arsenical would correspond approxi- 
mately to a condensation product of salvarsan base containing 3 methylenesulphite groups 
(Found: As, 20-3; volatile S, 12-2; CH,O, 11-6. C,;H,,;0,,N,5;As,Na, requires As, 21-0; 
S, 13-5; CH,O, 12-6%). 

Hydrolysis of Commercial Sulpharsphenamine.—The above mixed sample (E, 3 g.) was dis- 
solved in water (10 c.c.), and 3N-hydrochloric acid (150 c.c.) added at room temperature. After 
a few secs., sulphur dioxide was evolved and a yellow solid precipitated. After 30 mins. this 
solid (1-7 g.) was collected, well washed with water, and dried ina vacuum. It was light brown 
and dissolved in sodium hydrogen carbonate solution [Found: C, 31-8; H, 3-8; As, 31-4; 
total S, 7-7; oxidised S, 5-8; unoxidised S (by diff.), 1:9; S (volatile), 6-6; CH,O, 6-5. A 
mono-N-methylenesulphite, C,;H,,0;N,SAs,, would require C, 33-9; H, 3-1; As, 32-6; S, 7-0; 
CH,O, 65%]. 

The above acid and two other preparations from commercial sulpharsphenamine, as well 
as our Own preparation shown in Table IV, show a value for volatile sulphur, 7.e., sulphur 
dioxide, higher than the figure for oxidised sulphur obtained by Elvove’s method. We inter- 
pret this to mean that during the hydrolysis of the poly-substituted methylenebisulphite and 
precipitation by hydrochloric acid some of the unhydrolysed O-substituted derivative is carried 
down with the precipitate. 

Sulpharsphenamine (Voegilin and Johnson).—Sulpharsphenamine was prepared by Christ- 
iansen’s (loc. cit.) modified method from salvarsan base (5 g., 1 mol.) in N-hydrochloric acid 
(31 c.c.) and water (40 c.c.) by successive treatment with formalin (3 c.c., 3 mol.) and 40% 
sodium hydrogen sulphite solution (10-2 c.c., 3 mol.), and subsequently pouring into alcohol 
(400 c.c.); yield 7-9 g. The salvarsan base was prepared by the sodium hyposulphite (hydro- 
sulphite) process from 3-nitro-4-hydroxyphenylarsonic acid and contained 1-5% of sulphur. 
The sulpharsphenamine obtained was a cream-coloured powder, and gave similar colour re- 
actions to the commercial products [Found: As, 21-6; total S, 11-7; Elvove S, 3-9; S (free 
SO,”’), 0-6; volatile S, 9-8; CH,O, 9-5; Na, 56%]. 

Precipitation with acetic acid. Toa solution of the above preparation (1 g.) in water (3 c.c.), 
acetic acid (20 c.c.) was added. The precipitate was collected, and dried in a vacuum; yield 
0-9g. It was readily soluble in water (Found: As, 22-4; oxidised S, 3-9; volatile S, 8-6; CH,O, 
99; Na, 45%). 

Hydrolysis. A solution of the sulpharsphenamine prepared above (5 g.) in water (20 c.c.) 
was treated with 3N-hydrochloric acid (250 c.c.) at room temperature. After a slight delay, 
a voluminous yellow solid was suddenly precipitated. This was collected after 30 mins., well 
washed with water, and dried in a vacuum; yield 3-5 g. The product was light brown and 
soluble in sodium bicarbonate solution [Found: As, 29-1; total S, 7-5; oxidised S, 4:6; un- 
oxidised S (by diff.), 2-9; volatile S, 6-0; CH,O, 5-8%]. 

Disodium 3: 3’-Diamino-4 : 4’-dihydroxyarsenobenzene-N N’-dimethylenesulphite.—Salvarsan 
base (1 mol.) obtained from NO,*C,H,(OH)-AsO,H, (8-5 g.) by the sodium hydrosulphite process 
was, without drying, suspended in water (60 c.c.) containing sodium formaldehydebisulphite 
(6-8 g., 3 mol.), and the mixture stirred at 60° for 3 hours. The solution thus obtained was 
clarified by filtration through a thin kieselguhr bed, and poured into alcohol (700 c.c.) with 
vigorous stirring. The lemon-yellow solid (6 g.) was dried in a vacuum [Found: As, 23-6; 
total S, 11-4; Elvove S, 9-8; S (free SO,”), 0-8; oxidised S (by diff.), 9-0; volatile S, 8-9; 
CH,O, 8-2. An NN’-dimethylenesulphite, C,,H,,O,N,S,As,Na,, requires As, 25-1; S, 10-7; 
CH,O, 10-0%]. This substance is less soluble in water than sulpharsphenamine, and gives a 
red colour with perhydrol, but unexpectedly does not give the normal colour reaction of sulphars- 
phenamine with sodium nitrite solution on acidification. 

Hydrolysis. The above product (2-5 g.) in water (75 c.c.) was cooled in ice and treated with 
cold 3N-hydrochloric acid (25 c.c.). A yellow solid was immediately formed, and after 30 
mins. was collected, washed with water, and dried in a vacuum; yield 1-6 g. The acid was 
similar in properties to that prepared from sulpharsphenamine (Found: As, 29-2; total S, 
7:2; Elvove S, 5-1; volatile S, 4-9; CH,O, 45%). 

Oxidation of the Acid Hydrolytic Product from Sulpharsphenamine.—(a) With iodine. A 
mixture of the acid (2 g.), obtained by cold hydrochloric acid treatment of sulpharsphenamine, 
sodium bicarbonate (6 g.), and water (50 c.c.) was well stirred and cooled to 0°. Solid iodine 
(4 g.) was added in portions, effervescence occurring as the iodine reacted. The liquid was 
filtered, neutralised to Congo-red paper, and a succession of amorphous crops and sodium iodide 
removed after successive concentrations in a desiccator. Finally, crude 3-amino-4-hydroxy- 
phenylarsonic acid (0-4 g.) was obtained, and on purification gave 0-3 g. of analytically pure 
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material (Found: C, 30-5; H, 3-5; N, 60; As, 31-6. Calc.: C, 30-9; H, 3-5; N, 6-0; As, 
32-2%). 

(b) With hydrogen peroxide. In this case the acid (8 g.) obtained by the action of hydro- 
chloric acid on some old collected ampoules of sulpharsphenamine was not completely soluble 
in sodium bicarbonate (3-6 g.) and water (100 c.c.). Its content of acidic groups was corre- 
spondingly low (As:S = 2:0-4). Solution was effected on addition of N-sodium hydroxide 
(25 c.c.), the excess alkalinity being removed by carbon dioxide. Perhydrol (6-5 g.) in water 
(13 c.c.) was added dropwise at 0° with stirring. The dark brown solution was neutralised to 
Congo-red paper and then concentrated under reduced pressure with removal of successive 
crops of amorphous material. On keeping at 0°, 3-amino-4-hydroxyphenylarsonic acid was 
slowly deposited. A further small amount was isolated by boiling the acidified solution and 
proceeding as before. The combined crops (3-3 g.) were dissolved in N-hydrochloric acid 
(20 c.c.), and any amorphous material separated by fractional precipitation with saturated 
sodium acetate solution. At neutrality to Congo-red paper pure 3-amino-4-hydroxyphenyl- 
arsonic acid (2 g.), completely free from sulphur, was obtained (Found: C, 30-7; H, 3:7; 
N, 6-0%). 


One of the authors (W. J. C. D.) is indebted to the University of Wales for a Fellowship. 


NATIONAL INSTITUTE FOR MEDICAL RESEARCH, LONDON, N.W. 3. [Received, June 26th, 1933.) 





238. A New Route to Chrysene and 1: 2-Benzanthracene. 
By Ropert D. HAwortTH and Cecit R. MAvIN. 


Wirtu the object of devising reactions for the synthesis of benzophenanthrenes, the condens- 
ation of succinic anhydride and phenanthrene in the presence of aluminium chloride has 
been investigated. 

8-(3-Phenanthroyl)propionic acid, contaminated with a trace of inseparable isomeride, 
was obtained in 60% yields, and the structure of this acid was established by an 
independent synthesis from 3-phenanthryl methyl ketone (Mosettig and van de Kamp, 
J. Amer. Chem. Soc., 1930, 52, 3704). The w-bromo-derivative of this ketone reacted with 
ethyl sodiomalonate and the product, after hydrolysis and heating, yielded $-(3-phenan- 
throyl)propionic acid. This keto-acid, reduced by Clemmensen’s method, gave y-(3- 
phenanthryl)butyric acid, which was converted into 1-keto-1: 2:3: 4-tetrahydro-5 : 6- 
benzanthracene (I) by the action of 85% sulphuric acid. Much sulphonation occurred 
during this ring closure, but no evidence was obtained of the formation of the 4-keto- 
isomeride. The cyclic ketone (I) was reduced by Clemmensen’s method and the product 
dehydrogenated with selenium to yield 1 : 2-benzanthracene. 


OC CH, 


(I.) (I11.) CH,°*CH 
LO H CO,Et — 


a Ams HC CH, 
Hy 

8-(2-Phenanthroyl)propionic acid has been prepared from 2-phenanthryl methyl ketone 
(Mosettig and van de Kamp, Joc. cit.) by condensing the w-bromo-derivative with ethyl 
sodiomalonate and hydrolysing and heating the product. The keto-acid was reduced 
to y-(2-phenanthryl)butyric acid which was cyclised with 85% sulphuric acid. There was 
evidence that this ring closure occurred in two directions, for although the crude cyclic 
ketone gave correct analytical figures, a pure specimen of 7-keto-4 : 5 : 6 : 7-tetrahydrochry- 
sene (II)* was obtained only after repeated crystallisation. When this ketone was reduced 

* The numbering of the ring is that of Ramage and Robinson (this vol., p. 608); it differs from 
Beilstein’s supplement (new edition) in that the latter would number it 6-keto-3: 4:5: 6-tetra- 
hydrochrysene. 
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with amalgamated zinc and hydrochloric acid, an amorphous product was obtained which 
was readily dehydrogenated with selenium to yield chrysene. According to the earlier 
views of Rosenheim and King (J. Soc. Chem. Ind., 1932, 51, 956), the hydrocarbon, C,,.H,., 
obtained from sterols and the bile acids, may be identical with 1 : 2 : 3 : 4-tetrahydrochry- 
sene, but the ease of hydrogenation of the amorphous product, mentioned above, does 
not support this view. Dr. Rosenheim (private communication) has suggested that the 
phenanthrene nucleus may be reduced by the Clemmensen process, and that the amorphous 
product may actually be a hexahydrochrysene. This view is contrary to general experience 
with the reduction of such cyclic ketones, which usually give rise to the corresponding 
tetrahydro-derivative along with substances of higher molecular weight. We have now 
shown that 2- and 3-phenanthryl methyl ketones may be converted into 2- and 3-ethyl- 
phenanthrenes respectively, without nuclear reduction, by this method, and in our opinion 
the amorphous product is largely composed of 4 : 5 : 6 : 7-tetrahydrochrysene. 


Me H 


CO 
H pO H c—CH2°CH,°CO,Et HO,C-(CH3)4°CH:(CH,).*CO,H 
2 /CH,°CO,Et CO,Et CO.H 
H. K ame H H, 2 2 
*\7 Me . . (VI.) 
H, (IV.) H, (V.) 


The method employed by Bardhan and Sengupta (J., 1932, 2520, 2798) for the synthesis 
of phenanthrene derivatives has been extended to the synthesis of chrysene. (-1-Naphthyl- 
ethyl alcohol, prepared by the action of ethylene oxide on 1-naphthylmagnesium bromide, 
was converted into the corresponding bromide, which reacted with ethyl potassiocyclo- 
hexanone-2-carboxylate to yield ethyl 2-(8-1'-naphthylethyl)-cyclohexanone-2-carboxylate 
(III). This ester underwent ketonic hydrolysis and ring closure with 85% sulphuric 
acid, yielding an oil which was converted into chrysene by dehydrogenation with selenium. * 

Several unsuccessful attempts have been made to utilise l-keto- and 1 : 3-diketo- 
1: 2:3: 4-tetrahydrophenanthrene for the synthesis of chrysene and cyclopentenophenan- 
threne. These ketones were unattacked by treatment with ethyl succinate, ethyl aceto- 
acetate, or ethyl glutarate in the presence of sodium, sodium ethoxide, or sodamide. 
Despite the fact that 2 : 6-dimethylcyclohexanone reacted with ethyl bromoacetate in 
the presence of sodamide to give ethyl 2 : 6-dimethylcyclohexanone-2-acetate (IV), attempts 
to condense 1-keto- or 1-keto-2-methyl-1 : 2: 3: 4-tetrahydrophenanthrene with ethyl 
bromoacetate or 8-bromopropionate were unsuccessful. 

Preliminary experiments with ethyl cyclohexanone-2-carboxylate suggested a possible 
method for the synthesis of polycyclic systems. The sodio-derivative of this ester reacted 
readily with ethyl -bromopropionate to give ethyl 2-carboxycyclohexanone-2-8-propionate 
(V), which on hydrolysis gave a mixture of cyclohexanone-2-8-propionic acid and heptane- 
1:3: 7-tricarboxylic acid (V1), but our failure to prepare ethyl 1-keto-l : 2:3: 4-tetra- 
hydrophenanthrene-2-carboxylate has precluded the application of similar reactions. 


EXPERIMENTAL. 


Bromomethyl 2-Phenanthryl Ketone.—Bromine (2-3 c.c.) in chloroform (10 c.c.) was added 
gradually to a cold solution of 2-phenanthryl methyl ketone (9-7 g.) in chloroform (160 c.c.), 
the flocculent yellow addition compound decomposed by gentle warming, and the product set 
aside for 12 hours. The hydrogen bromide was removed in a current of dry air, the chloroform 
in a vacuum, and the residue crystallised from benzene (charcoal); the bromo-ketone (9-7 g.) 
was obtained in stout colourless prisms, m. p. 140—142° (Found: Br, 26-5. C,,H,,OBr 
requires Br, 26-8%). Bromomethyl 3-phenanthryl ketone, prepared similarly, was a viscous oil. 

8-(3-Phenanthroyl)propionic acid was obtained by two methods. (a) 45% Yields were 
achieved by adding a solution of bromomethyl 3-phenanthryl ketone (9-7 g.) in benzene to a 
suspension of ethyl sodiomalonate (from granulated Na, 1-15 g., and ethyl malonate, 8 g.) in 
benzene (40 c.c.) and boiling the mixture for 12 hours. Dilute sulphuric acid was then added, 
the benzene removed, and the viscous residue hydrolysed by 1 hour’s boiling with methyl- 
alcoholic potash (130 c.c. of 10%). Water (100 c.c.) was added, the alcohol removed, the 
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solution filtered (charcoal), and the residue extracted several times with boiling water. The 
united extracts were acidified, the light brown granular mass collected, heated for 1 hour at 
180—185°, and purified by solution in sodium carbonate solution (charcoal), filtration, and 
precipitation. (b) 60% Yields were obtained by adding succinic anhydride (11 g.) with cooling 
to a mixture of phenanthrene (17-8 g.), anhydrous aluminium chloride (30 g.), and nitrobenzene 
(130 c.c.). After 2 days, dilute hydrochloric acid was added, the nitrobenzene removed in 
steam, and the semi-solid residue crystallised from acetic acid. §-(3-Phenanthroyl)propionic 
acid, prepared by methods (a) and (b), crystallised from methyl alcohol, acetic acid, or benzene 
in colourless slender prisms, m. p. 157—158° (Found : Equiv., 276. C,,H,,0, requires equiv., 
278) and 147—149° (Found: Equiv., 277-5) respectively. The acids obtained by the two 
methods are essentially identical for the following reasons : (1) they had mixed m. p. 147—149°, 
(2) both yielded the same oxime, which crystallised from methyl alcohol in slender colourless 
prisms, m. p. 169—170° (decomp.) (Found: N, 5-0. C,,H,;0,;N requires N, 4-8%), (3) both 
were oxidised by sodium hypochlorite to phenanthrene-3-carboxylic acid, m. p. 276—278°, 
which was converted into the ethyl ester, m. p. 55—57° (cf. Mosettig and van de Kamp, Joc. 
cit.), and (4) both were reduced to y-(3-phenanthryl)butyric acid as described below. The 
acids prepared by methods (a) and (b) gave approximately equal yields in experiments (2), 
(3), and (4). 

y-(3-Phenanthryl)butyric acid was obtained in 50% yields, by gradually adding concentrated 
hydrochloric acid (8 vols.) to a boiling mixture of the keto-acid (1 part), glacial acetic acid 
(16 vols.), and amalgamated zinc (6 parts) during 3 hours. After boiling for a further 5 hours, 
the mixture was diluted with water, extracted with ether, washed free from acetic acid, dried, 
the solvent removed, and the residue crystallised from a small amount of benzene; small 
colourless prisms, m. p. 138—139°, were obtained (Found: Equiv., 262. C,,H,,O, requires 
equiv., 264). 

1-Keto-1 : 2: 3: 4-ietrahydro-5 : 6-benzanthracene (I) was prepared in 40% yields by heating 
the above butyric acid (1 part), water (1 vol.), and concentrated sulphuric acid (3 vols.) at 
100° for 50 minutes. The mixture was diluted with water, extracted with ether, the extract 
washed first with water and then with dilute ammonia, dried, the solvent removed, and the 
residue crystallised from much alcohol; colourless prisms, m. p. 179—180° (Found: C, 87-8; 
H, 5-9. C,,H,,O requires C, 87-7; H, 5-7%). The alcoholic mother-liquors yielded a small 
amount of a compound which crystallised from alcohol or glacial acetic acid in pale buff-coloured 
needles, m. p. 246—248° (Found: C, 82-3; H, 5:1. C,,H,,O, requires C, 82-4; H, 5-3%). 

1 : 2-Benzanthracene.—1-Keto-1 : 2 : 3 : 4-tetrahydro-6 : 6-benzanthracene (1 g.) was reduced 
by Clemmensen’s method and the product heated with selenium (1 g.) at 280—290° for 15 
hours and then at 305—315° for a further 10 hours. The product, isolated with chloroform, — 
was distilled over sodium under reduced pressure, and crystallised from alcohol or acetic acid; 
colourless plates, m. p. 155—157°. This hydrocarbon, its picrate, m. p. 142—143°, and quinone, 
m. p. 165—167°, were identified by comparison with authentic specimens. 

B-(2-Phenanthroyl)propionic acid was prepared from bromomethyl] 2-phenanthry] ketone in 
45% yields, as described in method (a) for the preparation of 8-(3-phenanthroyl) propionic acid. 
it crystallised from 90% acetic acid or alcohol in colourless slender prisms, m. p. 205—206° 
(Found ; Equiv., 277). 

y-(2-Phenanthryl)butyric acid, obtained from the above keto-acid in 50% yields, as described 
for the preparation of y-(3-phenanthryl)butyric acid, crystallised from 50% acetic acid or a 
small amount of benzene in glistening prisms, m. p. 134—135° (Found: Equiv., 265). 

7-Keio-4 : 5 ; 6: 7-ietrahydrochrysene (11) was prepared as described for (I). The neutral, 
water-insoluble product, obtained in 60% yield, was once crystallised from alcohol; colourless 
prisms were obtained, m. p. 110—112° (Found: C, 87-9; H, 5-9%). After three further 
crystallisations from alcohol, large colourless prisms, with the constant m. p., 124—125°, were 
obtained (Found: C, 87°7; H, 5-9%). No homogeneous by-product was isolated from the 
mother-liquors. 

B-1-Naphihylethyl Alcohol—l-Naphthylmagnesium bromide, from 1-bromonaphthalene 
(20 g.) and magnesium (2-5 g.) in ether (50 c.c.), was cooled to —15°, and a solution of ethylene 
oxide (6 g.) in ether gradually added. After 24 hours, the ether was removed, the residue 
heated on a steam-bath for 2 hours, decomposed with dilute sulphuric acid, extracted with ether, 
and distilled under reduced pressure. §-1-Naphthylethyl alcohol (10 g.) was obtained, with 
properties described by Grignard (Compt. rend., 1905, 141, 45; Ann. Chim., 1907, 10, 30). 
B-1-Naphihylethyl bromide was prepared in 80% yield by boiling the alcohol with 40% hydro- 
bromic acid (5 vols.) for 4 hours. The product was diluted with water, extracted with ether, 
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and distilled; a colourless liquid, b. p. 145—148°/0-3 mm., was obtained (Found: Br, 33-8. 
C,.H,,Br requires Br, 340%). 

Ethyl 2-(8-1’-Naphthylethyl)cyclohexanone-2-carboxylate (II1).—8-1-Naphthylethyl bromide 
(4-8 g.) was added to a suspension of ethyl potassiocyclohexanone-2-carboxylate, prepared from 
powdered potassium (0-8 g.) and ethyl cyclohexanone-2-carboxylate (3-4 g.), in dry benzene, 
and the mixture refluxed for 48 hours. After cooling, water was added, and the benzene layer 
separated, washed with dilute sodium hydroxide, and distilled. The ester (III) was obtained 
as a viscous liquid (2-9 g.), b. p. 210—215°/0-3 mm. (Found: C, 77:5; H, 7:0. C,,H,.O; 
requires C, 77-9; H, 6-8%). 

Chrysene.—(a) 7-Keto-4 : 5 : 6 : 7-tetrahydrochrysene (0-9 g.) was reduced with amalgamated 
zinc (5 g.) and concentrated hydrochloric acid (5 c.c.). The product (0-8 g.), isolated with 
ether, was an amorphous powder, sparingly soluble in hot alcohol, and was dehydrogenated by 
heating with selenium (1 g.) at 290—310° for 24 hours. (b) The ester (III) (2 g.) was heated 
on the steam-bath for 1 hour with concentrated sulphuric acid (6 c.c.) and water (2 c.c.). 
Frothing occurred, and the deep green solution was diluted with water and extracted with 
ether. The extract was washed, first with water and then with dilute ammonia, dried, and 
distilled. The distillate (0-6 g.), b. p. 180—200°/0-3 mm., was dehydrogenated with selenium 
as described in (a). The product from (a) or (b) was extracted with chloroform, distilled over 
sodium under reduced pressure, and crystallised first from acetic acid and then from benzene; 
glistening leaflets, m. p. 251—252°.. The quinone, m. p. 239°, and the addition compound 
with 2: 7-dinitroanthraquinone, m.p. 298—299°, were prepared, and the hydrocarbon and 
derivatives were identified by comparison with authentic specimens. 

2-Ethylphenanthrene.—A mixture of 2-phenanthryl methyl ketone (2 g.), amalgamated zinc 
(10 g.), and concentrated hydrochloric acid (10 c.c.) was boiled for 16 hours, diluted with water, 
extracted with ether, dried, and the solvent removed. The semi-solid, brown residue (X) 
was extracted several times with hot methyl alcohol (charcoal), in which it was only partly 
soluble; evaporation of the alcohol from the extract yielded an oil (0-85 g.), which solidified 
completely and crystallised from methyl alcohol in colourless, glistening leaflets, m. p. 64—65° 
(Found: C, 93-1; H, 6-9. C, gH, requires C, 93-2; H, 68%). The picrate crystallised from 
methyl alcohol in orange-yellow prisms, m. p. 92—93° (Found: N, 9-9. C,,H,,O,N, requires 
N, 9:7%). The methyl alcohol-insoluble portion of (X) is a high-boiling substance of unknown 
structure, and as the same yield of 2-ethylphenanthrene was obtained by dehydrogenating 
(X) with selenium and distilling the product in a vacuum over sodium, it was concluded that 
(X) was free from hydrogenated phenanthrene derivatives. 

3-Ethylphenanthrene, prepared similarly from 3-phenanthryl methyl ketone, was a colourless 
oil yielding a picrate, which crystallised from methyl alcohol in slender orange-red prisms, m. p. 
117—118° (Found : C, 60-5; H, 4:0. C,,H,,O,N, requires C, 60-7; H, 39%). The styphnate 
crystallised from methyl alcohol in orange prisms, m. p. 114—116° (Found: N, 9-5. -C,,H,,0,N3 
requires N, 9-3%). 

Ethyl 2: 6-Dimethylcyclohexanone-2-acetate (1V).—2: 6-Dimethylcyclohexanone (3-1 g.), 
obtained by a method essentially similar to that of Kotz and Blendermann (J. pr. Chem., 1913, 
88, 258), and sodamide (1-2 g.) were refluxed in dry ether for 6 hours. Ethyl bromoacetate 
(4 g.) was added, and the heating continued for 24 hours, after which water was added, and the 
ether separated, dried, and distilled. The ester (IV) (1-5 g.) was obtained as a colourless oil, 
b. p. 132—134°/15 mm. (Found: C, 68-2; H, 9-3. C,H 90, requires C, 67-9; H, 9-4%). 

Ethyl 2-Carboxycyclohexanone-2-8-propionate (V).—Ethyl $-bromopropionate (17-2 g.) was 
added to a suspension of ethyl sodiocyclohexanone-2-carboxylate, prepared from molecular 
sodium (2-7 g.) and ethyl cyclohexanone-2-carboxylate (21 g.), in benzene (120 c.c.), and the 
mixture boiled for 12 hours. After addition of water, the benzene layer was washed with 
dilute sodium hydroxide solution, dried, and distilled under reduced pressure. The ester (V) 
(20 g.), b. p. 198—205°/15 mm., on redistillation gave a colourless oil, b. p. 199—202°/15 mm. 
(Found : C, 62-0; H, 8-3. C,,H,.O, requires C, 62-2; H, 8-1%). 

cycloHexanone-2-8-propionic Acid and Heptane-1: 3: 7-iricarboxylic Acid (V1).—The ester (V) 
was boiled with 10% methyl-alcoholic potash (3 mols.) for 3 hours, and after dilution with 
water and removal of most of the alcohol, the residue was acidified, cooled, saturated with 
ammonium sulphate, and extracted several times with ether. The dried extract was distilled, 
giving (a) cyclohexanone-2-propionic acid, b. p. 155—160°/0-2 mm., and (b) the anhydride of 
(V1), b. p. 250—260°/0-2 mm. Fraction (a) rapidly solidified, and crystallised from ether 
or ether—light petroleum (b. p. 40—60°) in colourless needles, m. p. 65—66° (Found: C, 63-9; 
H, 8-4; equiv., 167. C,H,,O0, requires C, 63-6; H, 8-2%; equiv., 170). The methyl ester 
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(prepared by use ot methyl alcohol and concentrated sulphuric acid) was a colourless oil, b. p, 
140—142°/15 mm. (Found: C, 64-9; H, 8-9. Cj, )H,,03; requires C, 65-2; H, 8-7%), which 
reacted with methylmagnesium iodide to give an oil, b. p. 155—160°/15 mm., having the 
properties of a lactone, and with ethyl bromoacetate and zinc to give an oil, b. p. 180—185°/15 
mm., but these products have not been fully investigated. Fraction (b) solidified slowly to a 
hygroscopic mass, which crystallised from benzene in colourless nodules, m. p. 72—73° (Found : 
C, 55-9; H, 7-0; equiv., 70-6. C,)H,,0, requires C, 56-1; H, 66%; equiv., 71-3). 


Our thanks are due to the Research Fund Committee of the Chemical Society for a grant, 
to Dr. J. W. Cook for specimens of chrysene and 1 : 2-benzanthracene, and to the Council of 
Armstrong College for a studentship which has enabled one of us to participate in this work. 
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239. Acid Salts of Monobasic Organic Acids. Part I, 
By Joun D. M. Ross and Tuomas J. Morrison. 


SomE acid salts of mandelic acid are already known. McKenzie (J., 1899, 75, 969) mentions 
the existence of barium hydrogen mandelate, and McKenzie and Walker (J., 1922, 121, ' 
356) describe potassium and sodium hydrogen mandelates. In the present communication 
the existence of acid salts of v-mandelic acid has been investigated by a study of the 
solubility curves for some systems of the type mandelic acid-metal mandelate—water. 

Many acid salts of monobasic organic acids have already been described. In some 
cases thay have been investigated by a study of the freezing-point diagrams for the systems 
acid—metal salt. Since mandelic acid decomposes at temperatures only slightly above 
its melting point, such an investigation was impracticable in the present instance. 

Acid salts of formic acid have been studied by Groschuff (Ber., 1903, 36, 1783) and by 
Kendall and Adler (J. Amer. Chem. Soc., 1921, 48, 1470), using the freezing-point 
method. The last authors applied the same method to the study of acid salts of acetic 
acid, some of which had been reported by Lescoeur (Ann. Chim., 1893, 28, 245; Compt. 
vend., 1874, 78, 1044; Bull. Soc. chim., 1875, 24, 517), Melsens (Compt. rend., 1844, 19, 611), 
Dukelski (Z. anorg. Chem., 1909, 62, 114), and Dunningham (J., 1912, 101, 431). 

Various acid salts of the following acids are on record: long-chain fatty acids (Ekwall 
and Mylius, Ber., 1929, 62, 1080; Ekwall, Z. anorg. Chem., 1933, 210, 337; Ber., 1933, 66, 
546), benzoic acid (Farmer, J., 1903, 83, 1440; Landrieu, Compt. rend., 1920, 170, 1452; 
1920, 171, 1066; Pfeiffer and Nakatsuka, J. pr. Chem., 1933, 136, 241), substituted benzoic 
acids (pyridine salts; Pfeiffer, Ber., 1914, 47, 1580), salicylic acid (Hoitsema, Z. physikal. 
Chem., 1898, 27, 312); and acid salts of acetic acid with rare-earth metals have been 
investigated by Kotovski and Lehl (Z. anorg. Chem., 1931, 199, 185). 

Pfeiffer (loc. cit.) suggests two possible formule, (I) and (II), for acid salts of monobasic 
acids, in both of which the carbonyl group is assumed to exert a co-ordination valency. 


a.) R—-G=—0 ---- H—-O-C—R R—-(—0 ----M-O-(-R (1) 
OM O OH O 

He prefers the second formula on the ground that more complex acid salts can be readily 

represented as in (III). Kendall (e.g., J. Amer. Chem. Soc., 1914, 36, 1222, 1722; 

1915, 37, 2498; 1916, 38, 1712) has shown that if the acidic property of the carboxyl 
R—¢—0., 

(III.) OH °~M—O-C—R 
R-C—O" O 
OH 


group is sufficiently suppressed, the basic nature of the carbonyl group becomes evident, 
and additive or oxonium compounds arise. The normal salt of an acid with a metal of 


—,- 
R~C—0<o—c—R_ (IV) 
OM Ht 
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strongly basic nature will thus exhibit basic properties, and combine with the acid itself 
to form an acid salt. The formula suggested for such a salt is (IV). 

This type of formula was also suggested by Farmer (loc. cit.). In accordance with 
later electronic views, it may be written as (V), which is practically identical with 


ao bodies ot led iat 3 =< 7 sali is ———r 
(V.) (VI.) 


(I). The most obvious disadvantage of this method of formulation is the difficulty of 
representing more complex acid salts containing more than one molecule of acid, which 
are formed in many cases. It is to be expected that the basic properties shown by the 
original normal salt will exist only to a slight extent, or not at all, in the acid salt, so that 
there should be difficulty in adding on another molecule of acid, and the most stable 
acid salt should be the 1: 1 salt. We have found, however, that in the cases of potassium 
and sodium mandelates, the 3:1 salts are both stable in contact with water, while the 
1:1 potassium acid salt is unstable. 

Pfeiffer’s formula (II) is consistent with these facts, and the 2:1 and the 3:1 salt 
are readily formulated as (III) and (VI) respectively on the same principles, by assuming 
that the metal takes up two or three pairs of electrons from the carboxyl oxygen atoms 
of the acid molecules. This is not possible in the case of hydrogen, which can form, in 
general, only one such co-ordination link. This also suggests an explanation of the fact 
that the most complex acid salt formed by the interaction of a normal salt with a mono- 
basic organic acid is the 3:1 salt, 3R-CO,H,R-CO,M. By formation of three such co- 
ordination linkages, together with the linkage to the acid radical originally present (assumed 
to be covalent), an octet of electrons is completed round the metallic ion, thus definitely 
limiting the number of such acid salts. 

Acid salts of the formule (II), (III), and (VI) may be regarded as complex acids, the 
hydrogen atoms being replaceable to give double salts of the type (I; with M instead of 
H). McKenzie (loc. cit.) has isolated a zinc ammonium mandelate which is probably of 
this type. Other examples are Purdie’s zinc ammonium lactate and double salts of 
benzoic acid isolated by Pfeiffer and Nakatsuka (loc. cit.). The evidence is thus definitely 
in favour of structures of the types (II), (III), and (VI), in which co-ordination between 
oxygen and a metallic radical takes place. 

The formation and the stability of such a link will depend on the nature of the metallic 
radical. It has been shown by Kendall and Adler (loc. cit.) that the electrode potential 
may be correlated with the extent of compound formation. Other factors, however, 
such as ionic size, valency, and the solubility of the normal salt may also exert some 
influence. In order to compare the effect of the metals in this respect, we may examine the 
influence of the normal salts on the solubility of mandelic acid. In every case the solubility 
of the acid is increased by the addition of normal salt, in agreement with the fact that 
acid salts can be isolated in each of the cases considered. For comparative purposes we 
have plotted concentrations of mandelic acid against those of metal mandelate (both as 
g.-equivs. per 100 g. of water) in Fig. 1. In dilute solutions of metal mandelates the slope 
of the curve may be taken as a measure of the extent of compound formation. The 
results which are tabulated below indicate that the influence of the metals is in the following 
order: K> Ba> Li> Sr> Na. 


Increase in solubility of mandelic acid in presence of normal mandelates. 


Solubility of C,H,O, in H,O = 0°134 g.-equiv. per 100 g. H,O. 
Salt added Na Li Ba Sr 
Concn. of salt added ‘ 0°0114 0°0127 0:0062 0°0031 
Solubility of acid , 0°144 0°155 0°145 0°138 
Gradient 2° 0-9 1-7 18 13 


The “ gradient ”’ represents the ratio of the increase in the solubility of mandelic acid 
to the amount of metal mandelate added. The figures for the calcium salt are not included, 
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as it was found that the 1 : 1 salt was formed at such low concentrations of the normal salt 
that no reliable data could be obtained for it. The values for the electrode potentials 
are as follows: Li, 2-96; K, 2-92; Sr, 2-8; Ba, 2-8; Na, 2-71, the values for barium and 
strontium being less accurate than those for the other metals. Allowing for the experi- 
mental errors, we see that the gradients for potassium, strontium, and barium are approx- 
imately equal, and so are the electrode potentials. Sodium, with the smallest electrode 
potential, gives the smallest gradient. Lithium, with the highest electrode potential, 
might be expected to give the greatest gradient, whereas the slope is less than that for 
potassium and barium. The anomalous position of lithium has been noted before (Kendall, 
loc. cit.), and a possible explanation is to be found in the fact that the lithium ion, being 
the smallest of those of the alkali metals, is most strongly hydrated in solution, and this 
hydration limits the number of co-ordination linkages which the ion can form. Lithium 
also shows anomalous behaviour in that it alone of the alkali metals forms only one acid 
salt, which is stable only in solutions containing excess of mandelic acid. 
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In the experiments here described we find the more soluble of the normal metal mandel- 
ates forming more than one acid salt, while the less soluble form only one such salt. 
We hope that further investigations will enable us to decide if this agreement is of real 
significance. 

EXPERIMENTAL. 


In the following experiments racemic substances were used. 

Mandelic Acid.—This acid was purified by recrystallisation either from water or from 
benzene-acetone (90: 10). 

Potassium Mandelate.—This salt was prepared from mandelic acid repeatedly, the following 
being typical. 100 G. of acid and 50 g. of potassium carbonate were dissolved in 300 c.c. of 
water, and the solution evaporated to dryness on the water-bath. The salt was washed with 
ether, and dried at 90° in a vacuum. The solid (130 g.) was recrystallised from a mixture of 
1000 c.c. of acetone and 100 c.c. of methyl alcohol, the solution being kept in the ice-chest 
over-night, and the first crop, white rosettes, removed, washed, and dried as before. The mother- 
liquor was evaporated to half its bulk, cooled in the ice-chest, and the further crop treated as 
before, giving a total yield of 80 g. The salt separating contained a considerable quantity 
of acetone, and prolonged drying (several hours) was necessary to remove this. 

Acid salts. A solution of 5 g. of mandelic acid in 25 c.c. of water was neutralised with 
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concentrated potassium hydroxide. A further 5 g. of acid were added, and the solution warmed, 
filtered, and cooled. The solid was dried in a vacuum at 60°, and contained 59-89% mandelic 
acid. On recrystallisation from water the acid content rose to 71-:0%, unchanged by further 
recrystallisation. As the analyses corresponded to the 3: 1 salt 

3C,H ,*CH(OH)-CO,H,C,H,-CH(OH)-CO,K, 
an attempt was made to prepare this salt from aqueous solution. 

15-2 G. (4 equiv.) of acid and 1-7 g. (1 equiv.) of potassium carbonate were dissolved in 
70 c.c. of water, and the solution warmed to remove carbon dioxide. The resulting salt was 
dried in a vacuum and then contained 69-9% of acid, raised on recrystallisation to 70-8% 
(3C,H,O3,CgH,O,K requires C,H ,O3, 70-6%). 

The 1:1 salt was obtained by dissolving 4 g. of potassium mandelate and 4 g. of the 
acid in 15 c.c. of absolute alcohol by gentle warming (Found: C,H,O,, 44-4. Calc. for 
C,H,03,C,H,0,K : CgH,O,, 44-4%). 

Sodium Mandelate.—This salt was prepared by neutralising a solution of mandelic acid 
with an equivalent quantity of sodium carbonate, and evaporating the solution to dryness on 
the water-bath. It was recrystallised from alcohol, and dried in a vacuum. 
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Acid salt. 20G. (2 mol.) of the acid and 3-5 g. (0-5 mol.) of sodium carbonate were dissolved 
in water, and the solution evaporated on the water-bath until crystallisation began. The 
solid contained 46-7% of free acid, unchanged on recrystallisation (Calc. for CgH,03,C,H,O,Na : 
C,H,O 3, 46-6%), and was identical with the compound obtained by the addition of (—) malic 
acid to a solution of sodium mandelate (McKenzie and Walker, Joc. cit.). 

Lithium, Barium, and Calcium Mandelates.—These salts, prepared in an analogous manner 
to the sodium salt, were recrystallised from water and dried in a vacuum. 

Strontium Mandelate.—This salt was similarly prepared, except that the hydrated hydroxide 
was used. 

1. The System Mandelic Acid—Potassium Mandelate-Water.—The solubility determinations 
were carried out in a gas-heated thermostat adjusted to 25° + 0-1°. The apparatus was a 
modification of that designed by Campbell (J., 1930, 179). The solutions were stirred in flat- 
bottomed specimen tubes (3” x 0-5”) until equilibrium was attained, and filtered in the 
thermostat. In many cases it was found convenient to heat the solutions till all solid had 
dissolved, and then allow the solid phase to separate at 25°. In all solubility determinations 
5 c.c. of water were used. 

The solutions were analysed as follows. A weighed portion was titrated with accurately 
standardised sodium hydroxide to determine the concentration of mandelic acid. Another 
weighed portion was evaporated in a platinum crucible, and ignited with sulphuric acid, the 
metal being estimated as sulphate. 

For its analysis, the solid phase was removed from the filter, and pressed on a porous plate, 
its acid content being determined by titration. 

The results for the system are collected below, and the corresponding curve is given in Fig. 2. 
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C,H,O,, %. C,H,0,K, %. H,O, %. Solid phase. CsH,O, %. CsH,O,K, %. H,O, %. Solid phase. 
16-9 83-1 11-6 15-0 73°41 4. 
17°8 81-4 15°6 73-4 f 3:1 Salt. 
18°6 80°3 16°5 751 \ 
19°5 78:1 145 74:1 
21°6 746 16-2 752 
25-0 69°5 19°5 74:0 
27°1 66-2 21-0 72-9 | : 
30°1 62-2 23:1 70°9 2:1 Salt 
31-7 60-0 24°7 69°8 
30°1 614 25°3 69-0 
28:7 62°6 27-7 66-0 
27'1 64:1 29°7 
252 65°7 30°8 
24-0 66-6 31-6 
22:5 68-2 } 3:1 Salt. 33°3 
20°4 69°8 37-2 1:1 Salt 
18°5 71:1 38°7 
15°8 73-0 45°2 
14:4 73°3 47°3 
12-9 73°4 


Examination of the curve shows that, of the three acid salts formed, only the 3: 1 salt is 
stable in contact with its saturated solution, while the other two are stable only in presence of 
solutions containing excess of potassium mandelate. 
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Analyses. 
Found, %. Calc., %. Found, %. Calc., %. 


| # C,H,O3. ‘ C,H,03. K. C,H,O3. K. C,H,0O3. 
Normal salt 20°4 — 6 — 2:1 Salt 76 61°6 79 61°5 
3:1 Salt 61 70°8 ‘0 70°6 1:1Salt 11°4 44°3 11-4 44°4 


2. The System Mandelic Acid—Sodium Mandelate—Water.—The results for this system are 
collected below, the corresponding curve being in Fig. 3. Examination of the curve shows that 
both acid salts formed are stable in presence of water. 


C,H,0;, %. C,H,O,Na, %. H,O, %. Solid phase. C,H,05, %. CsH,O,Na, %. H,O, %. Solid phase. 

16-9 83-1 7 64 85°8 
17-7 80-7 | Acid 5° 86°8 
18°9 78:2 87°7 

Acid 87°7 
19°7 166 { 43: 1 salt. 87° 
17°6 78°7 86-0 
15°9 80°2 83°3 1:1 Salt 
13-7 81-8 ; 82-6 
13-0 gag f 3:1 Salt 82-2 
12°4 82°7 17:2 

83-6 


10-9 75-9 
83°9 \ 1:1 Salt. 
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10-4 74:1 
9-2 84°8 69°1 


Analyses. 
Found, %. Calc., %. Found, %. Calc., %. 
Na. C,H,O,. Na. C,H,O,. Na. C,H,O;. Na. C,H,O,. 
Normal salt 13°0 —- 13°2 — 1:1Salt 69 46°4 71 46°6 

3:1 Salt 3°8 72°3 3°7 72°3 


3. The System Mandelic Acid—Lithium Mandelate—Water.—The results for this system are 
collected below, and shown in Fig. 4. The curve shows that the acid salt is just stable in presence 


of water. 


C,H,O;, %. C,H,O;,Li, %. H,O, %. Solid phase.C,H,O;, %. C,H, 
16°9 0-0 
18°8 
20°1 
19°0 
18°2 
16°2 
15:3 
14°6 
13°7 


sLi, %. H,O, %. Solid phase. 
83°7 
89°3 | 
86°5 
87°8 J 
08 1: 1 Sal 
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Analyses. 
o/ 


Found, %. Caic., %. Found, %. Calc., %. 
Li. C,H,O;. Li. CsgH,O3. Li. C,H,O,;. Li. CgH,O3. 
Normal salt 4°4 — 4°4 — 1:1 Salt 2°3 49°1 2-2 49°1 


4. The System Mandelic Acid—Barium Mandelate-Water.—The results for this system are 
exhibited below and in Fig. 5. The acid salt is stable in presence of water. 


C,H,903, (C,H,O;),Ba, H,O, Solid C,H,O;, (CsH, 0 aa Ba, H,O, Solid 
Sie , ba phase. . » phase. 
16°9 0-0 , Acid 90°8 
17°9 il Acid + 91°7 


f 

\ 93°9 
17-0 11 942 + 1:1 Salt 
15°2 


93°8 
14°1 ' 84: 9 


: : 93°6 
13°4 - 85 ° 6 ; 1 . 1 Salt 
O 


91-9 
92-1 


I3)2Ba,(CgH,O3).,H,O (cf. McKenzie, Joc. cit.). 
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Analyses. 
Found, %. Calc., %. 
C,H,O3. H,O. . C,H,O3. H,O. 


Ba(C,H,0,).,}H,O wes 2-1 30°4 —_ 2-0 
1:1 Salt : 2°7 40:0 2°4 
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5. The System Mandelic Acid—Strontium Mandelate-Water.—The results of this system 
are given below and in Fig. 6. The acid salt is stable in presence of water. 


C,H,O3, (C,H,O,),Sr, _H,0, Solid C,H,O;, (C,H,0,),Sr, _H,0, Solid 
%. %. %- phase. %. %- %: phase. 
169 0-0 83°1 Acid 3° 1-0 95°9 
nt ae é' Acid + 96-4 | 1:1 Salt 
17 3 0°5 82°2 1:1 salt * ° . 96°1 
14-7 0°6 84°7 3°6 96°1 

6 0-5 87°9 : 3: 96:2 Sr salt 
10-7 06 gg-7 f 1:1 Salt 3° 96-2 } 
6°8 0-6 92°6 | 


* Sr(CgH,O3)2,(CgH,O3)>. 
Analyses. 
Found, %. Gale., %. Found, %. Calc., %. 
Normal salt Sr, 22°6 Sr, 22°5 1:1Salt Sr, 12°5; C,H,O;3, 43°9 Sr, 12°6; C,H,O;, 43°8 
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6. The System Mandelic Acid—Calcium Mandelate-Water.—The following results for this 
system are plotted in Fig. 7. At concentrations of mandelic acid greater than the value 14-1, 


C,H,O;, (C,H,O,),Ca, H,O, Solid C,H,O;, (C,H,O,),Ca, H,O, Solid 
%. » a %. phase. , ~. %. phase. 
16-9 83°l Acid 4:2 0-2 95°6 } 1:1 Salt 
141 . 85 ) 1-2 0-7 98-1 Jesoas 

+4 <3 | 1:1 Salt 0-4 1-7 o7-9 { a. 

65 ; 93° 0-0 1°8 98°2 Ca salt 
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the concentration of the calcium salt became too small to be measured accurately by the method 
used. No further acid salts are to be expected, however. The acid salt is stable in presence 
of water. 

Found, %. Calc., %. Found, %. Calc., %. 
Normal salt Ca, 118 Ca, 11°7 1:1Salt Ca, 61; CsH,O3, 472 Ca, 62; CgH,Oy, 47°1 


SUMMARY, 


The solubility curves of the optically inactive systems mandelic acid—metal mandelate- 
water have been examined at 25° for the following mandelates: potassium, sodium, 
lithium, barium, calcium. The following acid salts have been isolated : [K(Cg,H,O),]Hs; 
[K(C,H,O,),]H,; [K(CgH,O5).JH; [Na(CgH,O3),]Hs; [Na(CsH,0;)JH; [Li(CgH,0,)2]H; 
[Ba(C,H,O5),]H,,H,O; [Sr(CgH,O,),]H,; [Ca(CgH,O,),]Ho. 

The above method of representation of the acid salts has been shown to be the most 
satisfactory. 

The extent of compound formation in solution is shown to be related to the electrode 
potential of the metal. The influence of hydration, due to its small ionic size, explains 
the anomalous position of lithium. 


UNIVERSITY COLLEGE, DUNDEE. 
UNIVERSITY OF ST. ANDREWS. [Received, April 19th, 1933.] 





240. Ionic Interchange in Sulphur Sols. Part II. The Influence 
of Acids. 
By Tuomas R. Bora and JosEePH J. Muir. 


THE results of an investigation of ionic interchange in well-dialysed Raffo sulphur sols 
stabilised by a polythionic acid (Bolam and Bowden, J., 1932, 2864) indicated that when 
the concentration of sulphur was 3% and the total concentration of acid of the order 0-01M, 
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the sol became practically completely coagulated at the concentration of salt which just 
sufficed to liberate the whole of the hydrogen ion from the sulphur micelles. Some pre- 
liminary experiments appeared to show that the liberation of hydrogen ion was incomplete 
at the coagulation point when the sol was concentrated by evaporation, and it was suggested 
that this behaviour might be due to adsorption of hydrogen chloride (the coagulating salts 
being chlorides) as a consequence of the increased acidity (0-05M). This view appeared 
reasonable in so far that the existence of adsorption of chloride by the micelles was found 
to occur. 

A study has now been made of ionic interchange in sols of the same nature as the above, 
but undialysed and containing greater amounts of acid. With these sols, total coagulation 
occurred before the whole of the hydrogen ion was liberated, and it was established that the 
actual kationic interchange was incomplete. The degree of replacement at the coagulation 
point decreased with increase in the concentration of acid, but its value proved to be 
independent of the nature of the kation of the coagulating salt, in confirmation of the 
previous work. It was further established that increase in the concentration of acid not 
only decreased the amount of hydrogen ion liberated at the coagulation point, but also 
increased the concentration of salt necessary to secure this amount of replacement. The 
former of these effects appears to be connected with the coagulating action of the acid, and 
the latter with its so-called ‘‘ antagonistic ” action. 


EXPERIMENTAL. 


Sols.—A solution of 84 g. of sodium thiosulphate in 50 c.c. of water was slowly added to 
65-5 c.c. of concentrated sulphuric acid with constant stirring, the temperature being kept below 
25°. The sulphur was coagulated with 100 c.c. of 4M-sodium chloride, separated on a Buchner 
funnel, and repeptised in 100 c.c. of water by warming to 80°. After a second coagulation with 
sodium chloride, the sulphur was twice coagulated with concentrated hydrochloric acid. In 
order to obtain a sufficiently concentrated sol, several lots of sulphur were prepared in the above 
fashion, and peptised together in 100 c.c. of water. The sol was clarified by centrifuging for 
15 min. at 9,000 r.p.m. No attempt was made to remove hydrogen chloride except by allowing 
the final coagulate to drain thoroughly. Flame tests showed that the sodium content of the 
sols was negligible. The concentration of the sol was determined as described by Bolam and 
Bowden (loc. cit.). 

A.R. Salts (with the exception of rubidium chloride) and acids, “‘ pure”” sodium hydroxide, 
and water of x = 1-25 x 10° mho, were employed throughout the research. 

Liberation of Hydrogen Ion.—The degree of liberation of hydrogen ion at the coagulation 
point was determined for various salts as follows. 2 C.c. of sol were shaken for 3 min. with 2 c.c. 
of salt solution of known concentration in a glass-stoppered tube, and the mixture examined after 
standing for about 18 hours, by which time the supernatant liquid was clear and either colourless 
or still yellow. It was found that the liquid might be colourless although a small quantity of 
sulphur remained uncoagulated, and the coagulation value of the salt was therefore taken as 
that concentration which just sufficed to give a supernatant liquid showing only a trace of 
turbidity on the addition of large excess of the salt. 

The further procedure is best elucidated by taking a concrete case. 2C.c. of sol D + 2 c.c. 
2M-potassium chloride gave a colourless supernatant liquid. 2 C.c. of this were mixed with 
1 c.c. of 0-08N-sodium hydroxide (to neutralise the bulk of the acid) and 2 c.c. of 1-5M-potassium 
chloride, so that the final concentration of the latter salt was 10M. The concentration of 
unneutralised acid in the mixture was determined potentiometrically by means of cells of 
the type 


Hg| Hg.Cl,, KCl | KCl | #7] Glass HCl, Quinhydrone| Pt 
(solid) 3°5M |3°5M| | membrane] 0°1M (solid) (polished) 


(cf. Morton, J. Sci. Insir., 1930, 1, 187). Let E =e.m.f. with 0-05M-potassium hydrogen 
phthalate (pq = 3-97) as electrode solution (¥) and E’ = e.m.f. with above mixture; then 
AE = E — E’ = 0/1075 v., pg = (3-97 — AE/0-0577) = 2-11, and aq = 0-078. Experiment 
showed that on the assumption that the acid was hydrochloric, the concentration was equal in 
value to @y under the given conditions. Hence the total concentration of acid in the mixture 
was 0-08/5 + 0-0078 = 0-0238N. 

The proportion of acid which was already preserit in the intermicellar liquid before the 
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addition of the salt was found by ultra-filtering 2 c.c. of sol + 2 c.c. of water and determining 
AE for the mixture 2 c.c. ultrafiltrate + 1 c.c. 0-08N-sodium hydroxide + 2 c.c. of 2-5M- 
potassium chloride (to make the final concentration of the last again 10M). The figures obtained 
were AE = 0-0116 v., Pg = 4:17, [H’] = ag = 0-0001, so that total concentration of acid was 
0-08/5 + 0-0001 = 0-0161N. Ultrafiltration was carried out by the method of Bolam and 
Bowden (loc. cit.), the evaporation correction being reduced to 3-2% by improved shielding. 
Hence, applying the evaporation correction, the true concentration of acid derived solely from 
the intermicellar liquid of the original sol was 0-0161 x 0-968 = 0-0155N, and that of the 
hydrogen ions replaced in the micelles by potassium = 0-0238 — 0-0155 = 0-0083 g.-ion per 
litre. 

The glass electrode was constructed as described by MacInnes and Dole [Ind. Eng. Chem. 
(Anal.), 1929, 1, 57; J. Amer. Chem. Soc., 1930, 52, 29], the membrane being made from glass of 
the formula recommended by Morton (see Harrison, J., 1930, 1528) and supplied by C. Dixon 
and Co., London. The calomel electrode was made according to the design of Greville and 
Maclagan (Tvans. Faraday Soc., 1931, 27, 219). The cell was set up in an air thermostat main- 
tained at 18° + 0-5° by electrical regulation. A circuit of the type introduced by Morton (J., 
1931, 2978) was employed, the essential components being a G.E.C. triode valve, a Tinsley 
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“ Tonisation ” potentiometer, and a Gambrell ‘‘ High Sensitivity’ galvanometer. Null-point 
determinations were invariably certain to within 0-2 mv., and generally 0-1 mv. 

Table I contains the data. Col. 2 gives the concentration of salt (in g.-equiv. per litre) in 
the initial mixture of 2 c.c. sol + 2 c.c. salt solution, to which the stability observations refer. 
In col. 3 u denotes that the supernatant liquid was yellow (in which case the mixture was ultra- 
filtered and the liberated hydrogen ion determined from the ultrafiltrate). The other symbols 
imply that this liquid was colourless and indicate the degree of turbidity produced by the 
addition of excess of salt. Thus 0 = none, + = trace, +-+ = moderate, and ++ -+ = marked. 

In every case the value of AE (col. 4) is the mean of two quite independent determinations, 
which generally agreed to within 0-6 mv. and in no instance differed by more than 1-2mv. By 
the addition of 2 c.c. of salt solution of suitable concentration to the mixture of 2 c.c. of super- 
natant liquid + 1 c.c. of alkali, the values of ag were determined at a constant salt concentration, 
the value of which, in mols. per litre, is given in parentheses in col. 1. Variations in ag were 
thus due solely to differences in the amount of liberated hydrogen ion. The concentration of 
unneutralised acid in the case of salts other than potassium chloride was obtained by multiplying 
the appropriate value of a, by the factor (maximum 4@y)x¢@/(MAXiMUM Ag) other gait: 

The last column of the tables shows the concentration of liberated hydrogen ion (expressed 
as g.-ion per litre x 10‘) after diluting 2 c.c. of supernatant liquid (or ultrafiltrate) to 5 c.c. 
(see above). It is estimated that the values are correct within 2%. The results are plotted in 
Figs. 1 and 2, and the percentage replacement, given in the last column of Table III, obtained 
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from the graphs by reading off the liberated hydrogen ion corresponding to the coagulation value 


‘as deduced from Tables I and II. 
TABLE I. 


Liberation of hydrogen ion in Sol D. 

Liber- Liber- 

Stabil- AE ay X ated Stabil- AE aq X ated 
Salt, and concn. ity. (mv.). py. 104. H*ion.Salt.and concn, ity. (mv.). pa. 104. 
KCl 1-000 107°5 2-11 78 83 0°750 0 106°8 2: 76 

07125 106°8 2°12 76 81 0°700 0 106°1 

(1:0) 0-113 106°9 2:12 76 81 0°625 105°4 

0-100 106°2 2°13 74 79 0-500 105-2 

0°075 104:1 2°17 68 73. BaCl, 1-000 112-7 

0-050 100°2 2°23 58 56 0:050 112°8 

1-500 107°3 2:11 77 82 (0°4) 0°025 113°2 

1°250 107°0 2°12 77 82 0:020 113°4 

1-000 107°1 2°11 77 82 0°0175 110°4 

0°875 106°1 2°13 74 79 0-015 107°6 

0-010 104°0 


cocos+oscoo 


o. 
ettococcoes 


Ie O——fh & ¢ 


Liberation of hydrogen ion in Sol E.* 


23 49 CaCl, 1:000 
23 «49 0-100 
23 49 (1:0)  0°050 
22 «48 0-040 
21047 0-033 
— = 0-025 
4 24 AICI, 1:500 
26 «49 0-0150 
26 49 (0-4) 00135 
26 «49 0-0120 
23-46 0-0113 


5 25 


82°3 
82-1 
82°4 
79°2 
77°8 
69°3 
34°7 
34:0 
32°4 
32°0 
32°9 


0°500 
0°113 
0°100 
0°075 
0°050 
0:048 
0°024 
RbCl 0°500 
0°200 
(0°2) 0-100 
0-050 
0-048 4- + 
0°025 u 


* Concentration of acid derived from intermicellar liquid of original sol = 0°0165N. Concentration 
of alkali used for neutralisation = 0-0956N. 
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Adsorption of Barium Ion.—The adsorption of barium ion just above the coagulation point 
was determined as illustrated by the following example. 2 C.c. of the supernatant liquid from 
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Sol E (Table 1). 
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2 c.c. of sol + 2c.c. of 0-1M-barium chloride were evaporated to dryness and heated to 130° for 
3—4 hours to remove hydrogen chloride. 10 C.c. of water were added to the residue, and the 
conductivity measured at 25° + 0-05° by theusual method. The concentration of barium chloride 
was derived from the conductivity (corrected for non-volatile constituents of the sol) by means 
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of a graph plotted from data given in the International Critical Tables (Vol. VI, p. 233) and found 
to be 18-45 x 10° g.-equiv. per 10 c.c. If no adsorption had taken place the concentration 
would have been 0-1 x 2/1000 = 20-00 x 10° g.-equiv. per 10 c.c. Hence the amount of 
barium ion adsorbed by the sulphur in 1 c.c. of sol was 0-0000155 g.-equiv. 

The following table contains the results; ¢ is the concentration of barium chloride (in g.- 
equiv. per litre) in the initial mixture of sol and salt solution. The remaining figures are the 
amounts of barium ion, expressed as g.-equiv. xX 10’, adsorbed by the sulphur in 1 c.c. of sol. It 
is estimated that the adsorption values given are correct to within about 2%. 


Adsorption of barium ion. 
0°100 0°025 0:020 0°0175 0°0125 0°01125 0:0090 §=0°0085 
155 159 — — 153 147 
— 149 — — 
151 152 146 138 


151 141 
Sols F, and F, were prepared by mixing approx. 50 c.c. of sol F with about 2 c.c. of hydro- 
chloric acid of suitable concentration, and sol F; by mixing the unused portions of F, and F,,. 
In the case of sol F, the procedure was slightly different, in that the coagulation was carried out 
with barium chloride solutions containing a constant large amount of hydrogen chloride, so that 
the final concentration of acid in the sol + salt mixture was ca. 2:2M. 

The lowest concentration of salt at which the adsorbed barium ion was determined was, in 
each case, definitely above the coagulation value. A concentration of salt which just failed to 
produce coagulation was also found, and the corresponding value of the adsorbed barium ion 
obtained from a graph plotted from the appropriate data in the above table. 

Estimation of Polythionic Acid.—The amount of polythionic acid “‘ bound ”’ by the sulphur 
micelles was estimated by a method resembling that used by Bassett and Durrant (J., 1931, 
2946). 5 or 10 C.c. of sol were completely coagulated with potassium chloride, the coagulum 
filtered off and well washed with potassium chloride solution, the small filter-paper pierced, and 
the sulphur washed into a beaker by the aid of 50 c.c. of water. After heating to boiling, 5 c.c. 
of nitric acid of suitable concentration (see Bassett and Durrant, Joc. cit.) and slight excess of 
silver nitrate were added, and the mixture kept at 100° for 10 mins., to convert the polythionate 
into silver sulphide. The precipitate was filtered off, washed with cold water, treated with cold 
dilute ammonia to dissolve out silver chloride, and gently ignited, apart from the filter-paper, in 
a very small crucible. The amount of silver sulphide adhering to the paper was found by 
burning the latter and weighing the silver residue. Table II shows the results of the analyses. 
In col. 4 is given the amount of polythionate (calculated from the weight of silver sulphide) held 
by the sulphur on 1 c.c. of sol, and in col. 5, the maximum amount of barium adsorbed, as 
determined by the conductivity method. It will be seen that for a given sol these quantities 


TABLE II, 
Equivalence between micellar polythionate and maximum adsorption of barium. 
Ag,S Polythionate Ba Ag,S Polythionate Ba 
Sol. C.c. (g.). (g.-equiv. x 107). (g.-equiv. x 107). Sol. C.c. (g.). (g.-equiv. x 107). (g.-equiv. x 107). 
F 5 0°0099 160 157 Fz; 10 0°0186 150 148 
0-0100 100-0189 
Fy 0°0197 159 152 
are equal, so that the adsorption of barium ion must have taken place only by interchange with 
the polythionic H* and not as the result of adsorption of Cl’. Hence the values for Ba** adsorp- 
tion given in Table II also represent H° liberation and the limiting percentage values of the 
latter at the coagulation point may be calculated. These are given in Table III. 


CONCLUSIONS. 


Equivalence of Interchange at the Coagulation Point.—The first important feature of the 
results is that within the experimental error (probably not more than 3%) the same fraction 
of hydrogen ion is liberated at the coagulation point, in the case of a given sol, whatever 
the nature of the kation of the coagulating salt. This is clearly shown by the figures for 
sols D and E given in the last column of Table III. It thus appears, as was indicated by 
the observations of Bolam and Bowden (loc. cit.), that in the case of these sulphur sols the 
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coagulating efficiency of any particular kation corresponds closely to its tendency to 
displace hydrogen ion from the surface of the micelles. The differences between the 
coagulation values of the various salts must therefore ultimately depend upon the manner 
in which the ionic interchange is influenced by the valency, hydration, and other properties 


of the coagulating ions. 
TABLE III. 
Degree of ionic interchange at the coagulation point. 
(HCl). Salt. Coagulation 
value. H’ liberated, %. 
0°053 KCl 0°049 
RbCl 0°049 
CaCl, 0-040 
AICI, 0-0128 
D 0-060 KCl 0°075 
NaCl 0°663 
BaCl, 0-0175 
F 0-060 BaCl, 0-008—0-0085 
F, ca. 0°100 - 0°010—0-0125 
F, ca. 0°250 0°015—0:0175 
F; ca. 2°200 0°140—0'161 


Weiser and Gray (J. Physical Chem., 1932, 36, 2796) report that the displacement of 
hydrogen ion from the micelles in a sol of arsenious sulphide is completed at a concentration 
of salt definitely below the coagulation value. No instance of this phenomenon has so far 
been observed in the present studies on sulphur sols. 

Influence of Acid upon the Degree of Interchange at the Coagulation Point—From a 
consideration of the figures as a whole, it is evident that the degree of liberation of hydrogen 
ion at the coagulation point decreases as the total acidity increases ([HCl] = molar concen- 
tration of acid in the initial mixture of sol and salt). As the adsorption of barium shows, 
the unliberated hydrogen must be present in the coagulated micelles as polythionic acid, so 
that the kationic interchange is actually incomplete, and the effect is not due to adsorption 
of hydrogen chloride. It would appear that total interchange at the coagulation point can 
occur only in the complete absence of acid, but the work of Bolam and Bowden (loc. cit.) 
shows that for all practical purposes the condition is reached at an acid concentration of 
0-01M. 

At the highest concentrations, the acid itself coagulated some of the coarser sulphur, a 
definite turbidity being produced by 0-25M and a considerably greater effect by 2-2M. 
According to the view advanced in the previous paper, coagulation by an acid is due to the 
formation of un-ionised polythionic acid in the micelles, owing to the suppression of the 
ionisation by the added hydrogen ions. It may therefore be supposed that the tendency 
to form un-ionised polythionic acid accounts for the decrease in the amount of interchange 
at the coagulation point with increase in acidity, since less metal polythionate need be 
formed in order that the whole of the micellar polythionate may be present as un-ionised 
molecules of some kind, which is the postulated condition for coagulation. Now, a very 
high concentration of acid (about 7-0M in the case of sol F) is required to coagulate the 
finest particles, which means that the tendency to form un-ionised polythionic acid falls 
off rapidly with decrease in particle size. It follows that the degree of interchange necessary 
for the coagulation of all the sulphur should change slowly relative to increase in the 
concentration of acid. The data in Table III show that this actually happens, for, taking 
the extreme case, it will be seen that while the acidity increases from 0-05M to 2-2M, i.e., 
44-fold, the fraction of hydrogen remaining in the coagulum increases from 4 to 20%, or 
only 5-fold. Decrease in the tendency to form un-ionised polythionate with diminution 
in micellar dimensions would also explain the shape of the replacement curves, since, as 
Suggested in the previous communication, the amount of replacement depends upon the 
tendency of the in-going kation to form un-ionised polythionate. 

Sol D contained 8-13 g. of sulphur per 100 c.c. of sol, Sol F 4-65 g., and Sol E some 
intermediate quantity. The sols thus differed considerably in concentration, but it is 
evident that any influence of this factor upon the interchange at the coagulation point was 
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of secondary importance in the present series of experiments. The question of the relation- 
ship between sol concentration and degree of interchange is being more closely examined. 

The “‘ Antagonistic’ Action of Acids —The data for the coagulation of Sols F, etc., by 
barium chloride show that while the adsorption of barium at the coagulation point slowly 
decreases as the concentration of acid increases, the concentration of salt necessary for the 
production of a given degree of adsorption increases in a very marked fashion. It is evident 
that the so-called “‘ antagonism ”’ of the acid, 7.e., its power of opposing coagulation by a 
salt, is the consequence of the decrease in the tendency to ionic interchange which the acid 
produces. 


The authors thank Imperial Chemical Industries Ltd. and the Earl of Moray Endowment 
for assistance in the purchase of apparatus. 
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241. Syntheses of Cyclic Compounds. Part X. The Thermal Decom- 
position of Substituted Glutaric Acids. Part I. BB-Dimethylglutaric, 
cycloPentane- and cycloHexane-1 : 1-diacetic Acids, and the Mechan- 


ism of the Reaction. 
By ARTHUR I. VOGEL. 


In Part V of this series (J., 1929, 725) it was shown that the normal dibasic acids from 
glutaric to sebacic acid decompose on slow distillation in two directions : 


CH,-CO,H 2 (CH, b<Epe>CO 4+CO, + H,O (a) 


(CHa 
CH,°CO,H Na (CH + CO, () 


2h<CHE.CO,H 
and the reaction was employed to determine the ease of formation of the corresponding 
carbon rings. Glutaric acid yielded only butyric acid, and it was therefore of interest 
to investigate the effect of decreasing the tetrahedral angle between the two acetic acid 
residues by substitution. On slow thermal distillation, cyclopentane-1 : 1-diacetic acid 
yielded cyclopentylideneacetone, methylenecyclopentane, and a small quantity of 
acetic acid. cycloHexane-l : l-diacetic acid behaved similarly, and 88-dimethylglutaric 
acid was unaffected. The decomposition is simply interpreted by the following extension 
of the above mechanism, the difference being due to the greater proximity of the groups 
owing to valency deflexion : 


» >C =CH-CO,H + CH,;CO,H —> >C =CH, + CO, 


CH, (0,8 a (II.) (III.) 


>a 
“——" oH hs pe Hc + CO, —> >C = CH:CO-CH, 
(V.) 


The clue to the mechanism was WES ic. by the isolation of acetic acid in poor yield, 
obviously owing to its decomposition in statu nascendi into volatile products at the high 
temperature of the reaction. 

The relative yields of (III) and (V) provide a measure of the tendency for ring 
formation, and will be influenced by the magnitude of the tetrahedral angle between 
the two acetic acid residues.* In view of the ease of isolation and the small 
tendency to polymerisation and decomposition of the methylene-hydrocarbon, the yield 
of this compound is employed for the comparison of the effect of substitution. cyclo- 
Hexane- and cyclopentane-l : l-diacetic acids gave respectively a 33% and a 15% 

* For an alternative view, see Mills, Rapports Institut Internat. Chimie Solvay, 1931, 4, 25: this 
will be fully discussed when more data have been accumulated. 
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yield of the corresponding methylenecycloparaffin. In 88-dimethylglutaric acid the two 
acetic acid residues are too far apart for reaction to occur when the acid is distilled alone. 
There is thus a profound difference in the effect of the gem-dimethyl group, the cyclo- 
pentane and cyclohexane rings upon the thermal decomposition of glutaric acids. 
The reaction is being extended to other substituent groups and ring systems. 

The decomposition of these substituted glutaric acids in the presence of iron filings 
and a little baryta (Vogel, J., 1929, 721) was also investigated. All three acids decom- 
posed to yield the hydrocarbon (III) and the ketone (V); the yields of (III) in the series 
cyclopentane- and cyclohexane-1 : 1-diacetic acids and @8-dimethylglutaric acid were 29%, 
38%, and 7% respectively. No acetone was isolated from any of the acids. The 
unsaturated ketones (V) isolated by simple fractionation from the thermal decomposition 
of the two cyclic acids possessed properties (b. p. and refractive index) which agreed well 
with those found by Dickins, Hugh, and Kon (J., 1928, 1630; 1929, 572) for the pure 
af-ketones. The densities, however, were appreciably lower. The ketones isolated from 
the catalytic decomposition consisted largely of the «$-form, whereas distillation of the 
calcium salts yields chiefly the By-isomeride (Kon, J., 1921, 119, 811). 

Kon’s explanation of the formation of the unsaturated hydrocarbon (III) by the 
hydrolytic action of water upon the unsaturated ketone (V) is highly improbable. It is 
suggested that his results can be readily interpreted by the mechanism put forward 
above by the present author. 

EXPERIMENTAL. 

The substituted glutaric acids were prepared by the condensation of the appropriate ketone 
with ethyl cyanoacetate in the presence of alcoholic ammonia at — 5°, the resultant dicyano- 
imides were hydrolysed with 60—70% sulphuric acid to the acids, which were freed from 
traces of imides by conversion into the sodium salts with sodium carbonate solution—the 
imides do not react—and then the acids were crystallised from dilute alcohol. (§$-Dimethyl- 
glutaric acid was isolated by ether extraction. ; 

The apparatus employed for the thermal and catalytic decompositions was similar to that 
already described (Vogel, J., 1929, 726) except that two receivers in series were employed, 
both cooled in ice. In order to obtain reproducible results it is essential to adhere closely 
to the experimental conditions detailed below. 

cycloPentane-1 : 1-diacetic Acid—(A) Thermal decomposition. 40-0 G. of acid, m. p. 176°, 
were distilled from a 500-c.c. Pyrex flask during 11 hours. During the first 2 hours the 
temperature rose to 280° and only an aqueous distillate passed over. The temperature was 
then raised to ca. 300°, whereupon a hydrocarbon odour became apparent and an organic 
liquid distilled over; for the following 6 hours the temperature rose to 370°, the thermo- 
meter was then raised to the neck of the distilling flask, and the bath heated as strongly as 
possible by a large ring burner for a further 3 hours, a yellow viscid liquid then passing over. 
A black residue remained. The lower, aqueous layer of the distillate was separated, the 
“organic” layer washed with dilute ammonium hydroxide and then with water, the washings 
were added to the aqueous layer, dried with calcium chloride and distilled (rubber bungs were 
used since considerable losses of the hydrocarbon result with bark corks), The following 
fractions were collected at 764 mm.: (1) 70—100°, chiefly 79—84°, 2-6 g., dj” 0-7793, nj,” 
14285 (Found: C, 87-5; H, 12-4. Calc. for CgH,,: C, 87-9; H, 12-2%); no ketone was 
detected by treatment of this fraction with semicarbazide acetate. (2) 100—179°, 0-7 g., 
d* 0-8351, n®° 1-4507; the physical properties varied slightly in different experiments. 
(3) 180—215°, chiefly 183—185°, 1-0 g., dj}? 0-9091, uj)’ 1-4740 (Found: C, 77-2; H, 9-9, 
Cale. for CgH,,0: C, 77-5; H, 98%). (4) 215—230°, 0-5 g. (Found: C, 80-6; H, 9-8. 
Calc. for C,,H,,0: C, 83-6; H, 9°7%). (5) A dark viscid residue (0-3 g.). 

Refractionation of (1) from sodium gave pure methylenecyc/opentane, b. p. 77—79°/767 mm., 
a’ 0-7770, n° 1-4320 (Wallach, Annalen, 1906, 347, 325, gives b. p. 78—81°, d®” 0-78, nj" 
14355). Refractionation of (3) from several experiments gave a small fraction, b. p. 68—73°/ 
19 mm., a large fraction, b. p. 74—76°/19 mm., d} 0-9058, nj)” 1-4793 (Found: C, 77-4; H, 
9-9%), and a smaller fraction of higher b. p. 

The aqueous distillate and ammoniacal washings were acidified with dilute nitric acid, 
extracted three times with ether to remove traces of unchanged diacetic acid, and the acid 
remaining in the aqueous solution converted into the silver salt via the ammonium salt; 
yield, 0-3 g. (Found: Ag, 64-5. Calc. for CH,-CO,Ag: Ag, 64-7%). 

3Y 
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The physical properties of the ketone (V) prepared from the calcium salt are b. p. 181— 
184°, d)2* 0-9332, nif" 1-46728 (Kon, J., 1921, 119, 823), and b. p. 66—70°/15 mm., di?" 
0-93070, nj? 1-46420 (Dickins, Hugh, and Kon, J., 1929, 578). Pure cyclopentylideneacetone 
has b. p. 74—76°/14 mm. (by fractionation only) and b. p. 70°/12 mm. (from semicarbazone), 
d\t* 0-94205, ni** 1-47937; pure cyclopentenylacetone has b. p. 72—74°/15 mm. (by fraction- 
ation only), d}!* 0-95400, nij" 1-46569, and b. p. 69—70°/16 mm. (from semicarbazone and 
aluminium amalgam reduction), d?* 0-93568, n?* 1-46211 (Dickins, Hugh, and Kon, Joc. cit.), 

(B) Catalytic decomposition. An intimate mixture of 40-0 g. of the acid, 40 g. of iron filings, 
and 2 g. of finely powdered crystallised baryta was slowly distilled during 10 hours, exactly as 
described under (A). The whole was gently heated for the first 2 hours, the temperature 
not exceeding 200° at the end of this period—this allowed the intermediate formation of 
the iron salt. The temperature was then raised, and remained steady for the following 
5—6 hours at 320—330°, rising to ca. 390° towards the end of this period. The final stage of 
the distillation was conducted as in (A) for a further 2—3 hours. The distillate was worked 
up as above and yielded the following fractions at 765 mm.: (1) 60—100°, chiefly 72—84°, 
5°05 g., di 0-7879, nv” 1-4287; this was clearly methylenecyclopentane. (2) 101—160°, 0-3 g. 
(3) 161—210°, chiefly 176—186°, 2-2 g., dj** 0-9368, nj’ 1-4737 (Found: C, 77-3; H, 9-7%). 
(4) 211—250°, 1-1 g., d?” 0-9947, nj} 1-4953 (Found : C, 80-1; H, 9-7%). (5) Dark residue, 0-5g. 

Redistillation of fraction (1) from several experiments gave a large middle fraction, b. p. 
76—78°, d?’ 0-7787, n®* 1-4350. No acetone could be detected with semicarbazide acetate. 
Redistillation of fraction (4) from several experiments gave a small amount, b. p. 69—70°/ 
19 mm., a large fraction, b. p. 76—77°/16 mm., d2" 0-9330, uj} 1-4752, and another slightly 
smaller fraction, b. p. 77—83°/16 mm., chiefly 82°/16 mm., d%" 0-9448, nj)" 1-4794. 

cycloHexane-1 : 1-diacetic Acid.—(A) Thermal decomposition. 40-0 G. of acid, m. p. 180— 
181°, were distilled and worked up exactly as described under its cyclopentane analogue. The 
following fractions were collected at 761 mm.: (1) 90—120°, chiefly 105—109°, 6-3 g., di" 
0-8048, nj)" 1-4486 (Found : C, 87-4; H, 12-6. Calc. for C,;H,,: C, 87-6; H, 12-56%). (2) 120— 
191°, 1-55 g., dt” 0-8644, ni 1-4694. (3) 190—215°, chiefly 202—208°, 1-1 g., di" 0-9155, 
nj, 1-4831 (Found: C, 78-0; H, 10-3. Calc. for C,H,,0: C, 78-4; H, 10-2%). (4) A viscid 
high b. p. residue, 0-5 g. 

When fraction (1) was distilled over sodium, the major portion boiled at 105—106°/770 mm., 
and consisted of pure methylenecyclohexane, d®” 0-8018, n2” 1-4486 (Wallach, Annalen, 1906, 
347, 329, gives b. p. 105—106°, d”” 0-8025, n%?° 1-4501). This is probably the most convenient 
method for the preparation of this hydrocarbon. Fractions (3) from several experiments 
were combined and refractionated under 19 mm. Two large approximately equal fractions 
were obtained: (a) b. p. 80—93°, di?” 0-9017, n}" 1-4824 (Found: C, 78-2; H, 10-1%), and 
(5) b. p. 97—98°, dj" 0-8970, nj?” 1-4869 (Found: C, 78-3; H, 10-2%). Fraction (b) consisted 
largely of cyclohexylideneacetone, but no explanation can be given of the low density. Kon 
(J., 1921, 119, 811) gives b. p. 202°/754 mm. (ex semicarbazone), dj!" 0-9304, ni” 1-4867, 
for the ketone derived from the calcium salt. Pure cyclohexylideneacetone has b. p. 89°/ 
12-5 mm., d/? 0-94931, nj?” 1-49128, when isolated by simple fractionation, and b. p. 95°/ 
17 mm., dii* 0-94673, njj* 1-48917, when purified through the semicarbazone; pure cyclo- 
hexenylacetone has b. p. 83°/12 mm. (ex semicarbazone), d!?* 0-93751, di}* 1-47310 (Dickins, 
Hugh, and Kon, J., 1928, 1630). 

The combined aqueous distillate and washings was acidified with dilute nitric acid and 
treated as described under cyclopentane-1 : 1-diacetic acid, 0-4 g. of silver acetate being obtained 
(Found: Ag, 64:5%). This salt can also be isolated by diluting the aqueous distillate, steam- 
distilling it, concentrating the distillate after addition of excess of ammonium hydroxide, and 
then converting this into the silver salt. 

(B) Catalytic decomposition. By using exactly the same quantities and procedure as for 
cyclopentane-1 : 1-diacetic acid, the following fractions at 760 mm. were obtained in a typical 
experiment: (1) 80—120°, chiefly 104—108°, 7-2 g., dt" 0-8105, n3i” 1-4520. (2) 120—180°, 
0-4 g. (3) 180—215°, chiefly 202—206°, d}" 0-9452, n° 1-4912 (Found: C, 78-0; H, 10-4%). 
Redistillation of fraction (3) gave a considerable portion, b. p. 88—90°/19 mm., a2” 0-9385, 
ni 1-4875. 

BB-Dimethylglutaric Acid.—(A) Thermal decomposition. 40-0 G. of acid, m. p. 100°, were 
heated in the usual manner for 9 hours, A small quantity of water passed over, but most 
of the acid (slightly discoloured) was recovered unchanged. The acid appeared to boil at about 
290°; it solidified in the neck of the flask, and was melted out from time to time. 

(B) Catalytic decomposition. The quantities and procedure were exactly as in the foregoing 
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corresponding experiments, except that three boiling tubes connected in series and a final 
soda-lime guard tube were added after the two ice-cooled receivers. The first tube was empty 
and the next two each contained 3 c.c. of bromine and 5 c.c. of water. The temperature 
was raised during the first 14 hours to 200°, during which there was considerable frothing 
and evolution of gas; the whole then became solid, and during the next 5 hours the tem- 
perature was gradually raised to 390°; the usual final distillation last for a further 3 hours. 
The distillate was dried with calcium chloride and fractionated. The following fractions were 
obtained: (1) up to 100°, 0-5 g. (2) 100—150°, over 50% at 130—140°, 1-5 g., d}” 0-8598, 
ni” 1-4266 (Found: C, 73-0; H, 10-2. Calc. for CgH,,O: C, 73-5; H, 10:1%); this had the 
odour of mesityl oxide. (3) 150—190°, 0-85 g., d%” 0-8953, nj" 1-4491. (4) 190—220°, 1-0 g., 
a 0-9460, ni" 1-4869 (Found: C, 77-9; H, 10-0. Calc. for C,H,,O0: C, 78-5; H, 10-1%). 
No acetonesemicarbazone could be isolated from fraction (1). Analysis indicates that fractions 
(2) and (4) are mesityl oxide and isophorone respectively. 

The bromine water was decolorised with sulphur dioxide, the heavy layer of dibromide 
separated, washed with dilute sodium hydroxide solution, and then water, dried with calcium 
chloride, and distilled. isoButylene dibromide, b. p. 155—156°/758 mm., 4-0 g., was isolated 
(Found: Br, 74-0. Calc. for C,H,Br,: Br, 74-3%), together with some higher b. p. products, 
which were not investigated. 


The author’s thanks are due to the Chemical Society and Imperial Chemical Industries for 
grants which have defrayed the expenses of this research. 


WooLWICH POLYTECHNIC, LONDON, S.E. 18. [Received, June 24th, 1933.]} 





242. 2-Anilinolepidine Derivatives. 
By O. G. BACKEBERG. 


IN a previous communication (J., 1932, 1984) a number of 4-anilinoquinaldine derivatives 
was described, and their possible use as local anesthetics indicated. The isomeric 
2-anilinolepidine derivatives. have now been prepared, and their pharmacological action 
is to be investigated. 2-Chlorolepidine, its 6-methoxy- or 6-ethoxy-derivative was con- 
densed with aniline, o- or f-anisidine, or o- or #-phenetidine; of the condensation products, 
2-anilinolepidine only has been previously described (Knorr, Annalen, 1886, 236, 103). 

Acetoacet-o-anisidide and -o-phenetidide could not be made to undergo ring closure 
either by the action of sulphuric acid, hydrochloric acid, phosphoric acid, phosphoric oxide, 
phosphoryl chloride, or acetic anhydride, which is surprising in view of the fact that the 
-o-chloroanilide (Kermack and Muir, J., 1933, 302) and -o-toluidide (Ewins and King, 
J., 1913, 103, 104) readily undergo ring closure to the corresponding 2-hydroxylepidines. It 
was therefore not possible to prepare the 8-methoxy- and 8-ethoxy-2-anilinolepidine 
derivatives. 

There appears to be uncertainty as regards the melting point of 2-hydroxy-6-methoxy- 
4methylquinoline and its picrate. The base was prepared by treating acetoacet-p- 
anisidide with concentrated or 90% sulphuric acid or glacial phosphoric acid, and in each 
case the product melted at 272° and the picrate at 204°. The base has been described by 
Rabe and his co-workers (Ber., 1931, 64, 2492), who gave m. p. 253°; Monti and Verona 
(Gazzetta, 1932, 62, 14), who gave m. p. 268°, picrate, m. p. 196—198°; and Kermack and 
Muir (/oc. cit.), who gave m. p. 255°, picrate, m. p. 191°. The last authors report that on 
attempting to reconvert its 2-methoxy-derivative into the original 2-hydroxy-compound, 
they obtained a product, m. p. 271°, picrate, m. p. 165—166°, which appeared to be different 
rem the original material, although the analytical data indicated the same empirical 
ormula. 

EXPERIMENTAL. 

All analyses were done by Pregl’s micro-methods. 

The following acetoacetanilides were prepared by the method of Limpach (Ber., 1931, 64, 
970) : acetoacet-anilide, -o-anisidide, m. p. 87° (D.R.-P. 256621 gives 84°), -p-anisidide,-o-phenet- 
idide, m. p. 87° (Daines and Harger, J. Amer. Chem. Soc., 1918, 40, 564, give 92°), and -p-phenet- 
idide, m. p. 105° (D.R.-P. 268318 gives 103°). 
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Ring closure was effected by heating the acetoacetanilides to 100° with an equal weight 
of concentrated sulphuric acid for 2 hours, and the 2-hydroxylepidines formed were converted 
into the corresponding 2-chloro-compounds by refluxing with phosphoryl chloride for 4 hour 
without addition of phosphorus pentachloride; the chloro-compounds were condensed with 
the aniline bases mentioned by the method used for 4-anilinoquinaldine derivatives (loc. cit.). 
The products crystallise well from dilute or absolute alcohol and form well-defined picrates: 
unlike the isomeric 4-anilinoquinaldines, they are readily soluble in dilute mineral acids. 

2-Hydroxy-6-methoxy-4-methylquinoline, m. p. 272° from dilute acetic acid or alcohol, 
is sparingly soluble in dilute sodium hydroxide solution, and its dilute alcoholic solution 
gives a reddish-brown coloration with ferric chloride (Found: C, 70-01; H, 5-75. C,,H,,0,N 
requires C, 69-84; H, 5-82%); picrate, from alcohol, m. p. 204°. 2-Hydroxy-6-ethoxy-4-methyl- 
quinoline, m. p. 232° from dilute acetic acid; it had the same properties as the preceding com- 
pound (Found: C, 70-79; H, 6-28. C,,H,,;0,N requires C, 70-94; H, 6-40%); picrate, m. p. 
179°. 2-Chloro-6-ethoxy-4-methylquinoline, colourless needles from dilute alcohol, m. p. 123°; 
it is slowly volatile in steam (Found: C, 65-30; H, 5-31. C,,H,,ONCI requires C, 65-02; 
H, 5-42%). 

2-0-A nisidinolepidine, m. p. 140° (Found: N, 10-70. C,,H,,ON, requires N, 10-60%); 
picrate, m. p. 223°, 2-p-A nisidinolepidine, m. p. 129° (Found: N, 10-72%); picrate, m. p. 190°, 
2-0-Phenetidinolepidine, m. p. 127° (Found: N, 10-20. C,,H,,ON, requires N, 10-07%); 
picrate, m. p. 226°. 2-p-Phenetidinolepidine, m. p. 165° (Found: N, 10-23%); picrate, m. p. 
215°. 2-Anilino-6-methoxylepidine, m. p. 139° (Found: N, 10-68. C,,H,gON, requires 
N, 10-60%); picrate,m. p. 213°. 2-0-A nisidino-6-methoxylepidine, m. p. 151° (Found : N, 9-62. 
C,,H,,O,N, requires N, 9-53%); picrate, m. p. 228°. 2-p-A nisidino-6-methoxylepidine, m. p. 
137° (Found: N, 9-51%); picrate, m. p. 216°. 2-0-Phenetidino-6-methoxylepidine, m. p. 119° 
(Found: N, 9-09. C,,H,O,N, requires N, 9-09%); picrate, m. p. 237°. 2-p-Phenetidino-6- 
methoxylepidine, m. p. 149° (Found: N, 9-14%); picrate, m. p. 183°. 2-Anilino-6-ethoxy- 
lepidine, m. p. 127° (Found: N, 10-21. C,,H,,ON, requires N, 10-07%); picrate, m. p. 236°. 
2-0-A nisidino-6-ethoxylepidine, m. p. 158° (Found: N, 9-22. C,,H,.0,N, requires N, 9-09%); 
picrate, m. p. 241°. 2-p-Anisidino-6-ethoxylepidine, m. p. 172° (Found: N, 9-22%); picrate, 
m. p. 203°. 2-0-Phenetidino-6-ethoxylepidine, m. p. 141° (Found: N, 8-71. Cy gH,,.O0,N, 
requires N, 8-70%); picrate, m. p. 224°. 2-p-Phenetidino-6-ethoxylepidine, m. p. 128° (Found: 
N, 8-87%); picrate, m. p. 218°. 2-Anilinolepidine picrate, m. p. 228°. 


The author thanks Prof. H. Stephen for his interest in the work. 


UNIVERSITY OF THE WITWATERSRAND, JOHANNESBURG, 
SouTtH AFRICA. \Received, July 3rd 1933.) 





243. The Electrical Conductivities of Liquid Mixtures of Phenol- 
Aniline, Phenol—p-Toluidine, and Phenol—m-Cresol. 


By O. Ruys Howe Lt and H. G. BENTLEY ROBINSON. 


THE system phenol—water has been the subject of previous investigation, the densities 
(Howell, Proc. Roy. Soc., 1932, 187, 418), viscosities (¢dem, Trans. Faraday Soc., 1932, 
28, 912), and electrical conductivities (Howell and Handford, zbid., 1933, 29, 640) of 
solutions over the whole range of miscibility having been measured at 20°, 30°, 40°, 50°, 
60°, and 70°. It was found that, for each temperature, the curves of each of these properties 
plotted against the composition of the mixture gave no indication of the existence of phenol 
hemihydrate, which is clearly shown on the freezing-point curve and is readily deposited 
from solution. On the contrary, the constants in the equations connecting each of these 
properties with temperature, when plotted against the composition, exhibited marked 
inflexions at the concentration corresponding to equimolecular proportion of the two 
constituents. This was explained as due to the dual dissociation of the two substances 
involving the transfer of a hydrogen ion from a molecule of water to a molecule of phenol 
and vice versa : 
C,H,O’ + OH,’ — C,H,OH + H,O — C,H,OH,° + OH’ 


water-rich phenol-rich 
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It was therefore deemed of interest to examine the electrical conductivities of other 
systems containing phenol to obtain further evidence on these points. Since measure- 
ments were to be made at only one temperature, it was necessary to choose as the second 
components substances which each give mixtures liquid over the whole range, at a tempera- 
ture not far above the m. p. of phenol. Aniline, p-toluidine, and m-cresol all give mixtures 
which are liquid below 50°, and these were chosen for examination at this temperature. 

The other consideration in the choice was that the substances should exhibit compound 
formation with phenol. Aniline forms such a compound in equimolecular proportion 
and so does #-toluidine. Since the latter is a much stronger base than the former, the 
choice of these two substances enabled the influence of different basicity to be determined. 
m-Cresol also forms a compound with phenol, but in the molecular proportion of 
1 phenol : 2 m-cresol. The acidic character of the m-cresol and the difference in com- 
position of the compound formed enabled these two effects to be examined. 


EXPERIMENTAL. 


Preparation of Materials —Pure phenol was prepared by distilling Monsanto detached crystals 
in an apparatus made entirely of quartz and constructed so as to facilitate exclusion of water ; 
only the middle third was used. It has already been shown (loc. cit.) that a very pure product 
is obtained in this way. A common stock of starting material was used, and for each preparation 
the rate of distillation was approximately constant at 100 c.c. per half-hour. 

Aniline was purified by distilling the pure commercial product and accepting only the middle 
third. 

p-Toluidine was purified by recrystallisation of A.R. material from alcohol; the crystals 
were dried on a porous tile and then in a vacuum desiccator over calcium chloride. 

The m-cresol, which was a gift from the Monsanto Chemical Co. for which we desire to express 
our thanks, was further purified by cooling until about 70% had crystallised, separating the 
crystals and allowing them to drain in a jacketed funnel, the temperature being allowed to rise 
slowly from 8° to 12° so that the crystals were washed free of the lower-melting substances. 
The product was distilled and the middle fraction only accepted. 

Preparation of Mixtures.—All mixtures were made up by weight. The cell with a temporary 
stopper of cork, covered with tin-foil, was weighed. Approximately the requisite amount of 
phenol was distilled directly into the cell, which was then stoppered, cooled, and weighed again. 
Approximately the calculated amount of the other constituent was then added, and the whole 
weighed again. The aniline or m-cresol was added by means ofa quartz pipette. The p-toluidine 
was compressed into sticks by melting in a tube of hard Jena glass and was added in this form. 

The cell was warmed until the contents were liquid and then placed in the thermostat. 
The ground stopper carrying the electrodes was placed in an empty flask in the thermostat 
to attain the temperature at the same time. After about 14 hours, this ground stopper was 
substituted for the cork one, and the conductivity measured. Readings were taken as soon as 
possible after insertion of the electrodes, since in the presence of even grey platinum some of the 
mixtures undergo change, especially those containing p-toluidine, which rapidly darken. 

Apparatus.—The cell, which was of quartz with platinum electrodes, was the one used for 
the determination of the conductivity of solutions in the phenol—water system (Howell and Hand- 
ford, loc. cit.). 

Since its a varies slightly with the volume of liquid, this was determined with a series 
of different volumes of N/50-potassium chloride solution, and a curve (cell constant against 
volume) was plotted. In making measurements with the mixtures, the volume present was 
calculated from the weight and density, and the corresponding value of the cell constant was 
read from the curve and applied in the calculation of the conductivity. 

After each solution had been measured, the cell was thoroughly washed several times with 
warm water, and finally with conductivity water prepared in the still already described (loc. 
cit.). It was then dried in an air-oven at 110—120° for 40 minutes, and cooled in a desiccator 
over phosphoric oxide. 

The electrical arrangement was also essentially similar to that used previously, except that 
since the Tinsley bridge was no longer available, a metre wire had to be used. The Wagner 
earthing device consisted of a second wire lying parallel to the bridge wire, and continuous contact 
with each divided in the same ratio was secured by means of two small rollers mounted on a 
slider. The bridge reading was taken by means of a fine line engraved on a piece of celluloid 
also mounted on the slider. 
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Owing to the relatively low resistance of the bridge wires, it was necessary to provide for a 
larger input, and a new oscillator was constructed having eight valves in parallel in the second 
stage. A more sensitive amplifier was also employed. We desire to express our thanks to 
Mr. C. Handford for his kindness in designing these instruments. 

It was found more convenient to revert to the use of telephones instead of the loud-speaker 
for these measurements. 

All determinations were made in a thermostat filled with water covered with a layer of oi] 
and heated by gas from a governed supply. The temperature was 50° + 0-01° throughout. 

Results.—The compositions and conductivities of the mixtures of phenol-aniline, —p-toluidine, 
and ~m-cresol are given in Tables I, II, and III respectively, where C is the percentage by weight 


TABLE I, 


Phenol—Aniline. 


x X 108, C. 
0°143 69°14 
0-180 72°46 
0-194 77°87 
0°232 82°32 
0°260 82°59 
0°304 86°66 
0°334 


TABLE II. 


Phenol-p-T oluidine. 


0°153 62°18 
0°163 65°26 
0-271 71°37 
0°283 75°16 
0°307 75°65 
0°317 83°32 
0°403 83°97 
0°415 85°40 


TABLE III. 


Phenol—m-Cresol. 


0 0°259 29°67 0-283 57°50 0°256 79°86 0-168 
5°40 0°262 36°28 0°283 62°58 0°253 83°70 0°155 
11-70 0°263 40°08 0°271 67°47 0°225 89°39 0°106 
17°03 0°279 46°43 0°267 70°65 0°216 94°68 0°067 
24°27 0°272 51°82 0°266 76°53 0-178 100 0-021 


of phenol in the mixture. The conductivity is plotted against composition for the water and 
the m-cresol mixture in Fig. 1 and for the aniline and the p-toluidine mixture in Fig. 2. The 
curve for phenol—water is given at 70° since the mixtures are not completely miscible over the 


whole range at 50°. 


DISCUSSION. 


The conductivity-composition curves for phenol-aniline and phenol-#-toluidine are 
precisely similar, except that the maximum, which occurs at almost exactly the same 
composition for both, viz., 16% of the second constituent, is considerably higher for 
p-toluidine. The curves are also remarkably similar to that for phenol—water, except that 
their maxima are at the phenol-rich end of the series, whereas with phenol—water it is almost 
exactly similarly situated at the water-rich end, viz., at 16% phenol. In fact, in general 
form the curves for phenol-aniline and phenol—f-toluidine are mirror-images of the curve 
for phenol—water. 

A striking feature of the curves (as of those for phenol—-water) is the absence of any 
indication of the known compounds. The freezing-point curves of the system show that 
aniline forms a compound in equimolecular proportion with phenol (50-27% phenol), the 
compound existing over the range 8—79 mols.% of phenol (Schreinemakers, Z. physikal. 
Chem., 1899, 29, 577; Voano, J. Russ. Phys. Chem. Soc., 1916, 48, 76). Similarly, 
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p-toluidine forms a compound with phenol in equimolecular proportion (46-76% phenol) 
existing over the range 32—75 mols.% of phenol (Kremann, Monatsh., 1906, 27, 91). 
The conductivity curves, however, are quite continuous for a considerable range on either 
side of the composition corresponding to these compounds. 

It has already been pointed out that the increase in conductivity on continued addition 
of water to phenol begins to become appreciable only after the composition corresponding 
to equimolecular proportion is exceeded. In this connexion it may be noted that in 
discussing the conductivities of solutions of butyric acid and water, Grindley and Bury 
(J., 1930, 1665) point out that the conductivity does not begin to rise appreciably until 
the concentration of water exceeds about 15%. This is readily explained on the basis of 
the mechanism already suggested, since mutual ionisation involves the transfer of one 
hydrogen ion from one compound to the other (as for phenol and water), so that there 
should be little change in conductivity at the butyric acid-rich end of the series until the 
concentration exceeds that corresponding to equimolecular proportion (16-98°% water). 


Fic. 1. Fic. 2. 
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It is evident from the conductivity-composition curve for phenol-aniline that the 
increase in conductivity begins to become appreciable, not at equimolecular proportion 
of the two compounds, as in the instances already discussed, but at 1 phenol : 2 aniline 
(33-57% phenol). Consequently, it appears that ionisation of these substances at the 
aniline-rich end of the series occurs as follows : 


2C,H,NH, + C,H,-OH = 2C,H,:NH’ + C,H,‘OH,” 


and at the phenol-rich end, the transfer of a hydrogen ion from phenol to aniline occurs, 
forming the active CgH,*NH,’ ion and yielding a better-conducting solution : 


C,H,'NH, + C,H,-OH = C,H,:NH,’ + C,H,*0’ 


[cf. Franklin’s suggestion (Amer. Chem. J., 1912, 47, 285; J. Amer. Chem. Soc., 1924, 
46, 2137) that ammonia ionises thus: NH, + NH, — NH,’ + NH,’. 

In the system phenol-#-toluidine also, it is seen from the curve that the conductivity 
begins to increase rapidly only after the concentration of phenol exceeds that corresponding 
to the composition 1 phenol: 2 #-toluidine (30-52% phenol), and a precisely similar 
mechanism is suggested for the ionisation in this system. 
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It has already been noted that the maxima in the phenol-aniline and phenol-#-toluidine 
curves occur at approximately the same concentration, viz., 16°, of phenol, and that 
in the phenol—water system at 16% of water. The conductivity curves for water—hydro- 
chloric acid (Howell, J., 1927, 2843) and for water-butyric acid (Grindley and Bury, 
loc. cit.) also show maxima at about 16% of acid. Grindley and Bury point out that the 
freezing-point and the contraction curve of the system water—butyric acid exhibit abrupt 
changes of slope at this same concentration. They regard this as evidence of micelle form- 
ation, but do not attribute the maximum on the conductivity curve to the same cause. 
In the systems phenol-aniline and phenol—#-toluidine there is no reason to suppose that 
micelle formation occurs, and the maximum on the conductivity curve cannot be due to 
this effect. 

At the maxima, the two substances aniline and #-toluidine exist under very nearly 
identical conditions. The temperature and solvent are identical and the concentration 
is almost the same. Hence, if the scheme of ionisation already suggested is correct, the 
conductivities at the maxima should be a measure of the extent to which hydrogen ion 
has been transferred from the phenol to the bases, and therefore of the relative basicity 
of these bases. The conductivities at the maxima are 0-698 x 10 and 0-418 x 10° for 
p-toluidine and aniline respectively, and the ratio 1-67. 

The dissociation constants of aniline and #-toluidine calculated from the degree of 
hydrolysis of their salts, determined by different observers using different methods at 
various temperatures (usually 18°, 20°, or 25°), are given below, together with the relative 


basicity calculated on the assumption that « = Ks 

Observers. ‘ 2. 3. 4. 5. 6. 
101° . K», aniline 4:1 17 5°7 53 52 
101° . Ky, p-toluidine ... 13°2 36 20 11°3 22 
Relative basicity ‘ 18 15 19 15 2°1 


References.—(1) Lellmann and Gortz, Annalen, 1893, 121, 247; (2) Bredig, Z. physikal. Chem., 1894, 
13, 191, 322; (3) Walker and Aston, J., 1895, 67, 576; (4) Léwenhertz, Z. physikal. Chem., 1898, 25, 
385; (5) Farmer and Warth, J., 1904, 85, 1713; (6) Denison and Steele, J., 1906, 89, 999, 1386; 
(7) Pring, Trans. Faraday Soc., 1923, 19, 705; (8) Mitzutani, Z. physikal. Chem., 1925, 116, 350; 1926, 
118, 327. 


The conductivity-composition curve of the system phenol—m-cresol (Fig. 1), like those 
for phenol-aniline and phenol-#-toluidine, shows no marked discontinuity at the composition 
corresponding to the compound formed by the two substances. In this instance, the 
compound, as shown by the freezing-point curve (Dawson and Mountford, J., 1918, 113, 
923; Fox and Barker, J. Soc. Chem. Ind., 1918, 37, 268), is 1 phenol : 2 m-cresol (30-32% 
phenol) existing over the range 4-8—55-2 mols.% of phenol. 

The same mechanism of ionisation is again suggested, viz., the transfer of a hydrogen 
ion from one compound to the other : 

CH,°C,H,°O’ + C,H,-OH,” — CH,°C,H,-OH + C,H,-OH — CH,°C,H,°OH,° + C,H,°0’ 
m-cresol-rich phenol-rich 

In each of the systems phenol-aniline and phenol--toluidine, the two components 
are very different in character, the one acidic and the other basic, so that at one end of the 
series the transfer of hydrogen ion reaches a high value, resulting in a comparatively large 
increase in conductivity, and the curve shows a well-defined maximum. In the system 
phenol-m-cresol, however, the two components are very similar and differ only slightly 
in acidity. A number of determinations, all at 25°, have been made of the dissociation 
constant of phenol; the values found for 10!°Ka are: 1-3 (Walker, Z. physikal. Chem., 
1900, 32, 137); 1-3 (Hantzsch, Ber., 1902, 35, 210); 1-09 (Lundén, Z. physikal. Chem., 
1910, 70, 249); 1-15 (Boyd, J., 1915, 107, 1538); 1-03 (Tiessens, Rec. trav. chim., 1929, 48, 
1066). Only one, however, isavailable for m-cresol: Ka= 9-8 x 10° (Boyd, loc. cit.). Boyd's 
two values being used, the relative acidity phenol : m-cresol is approximately 1-08. The 
tendency to transfer a hydrogen ion is therefore very little different in the two compounds, 
and, on the mechanism suggested, there should be no great increase in conductivity at 
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either end of the series, so that the curve should not exhibit a pronounced maximum. 
Since the transfer of only one hydrogen ion is involved in both possible ionisations, the 
curve might be expected to consist of two branches falling away smoothly from the value 
for equimolecular proportion (46-53% phenol) to the values for the two pure constituents. 
It is seen (Fig. 1) that this is so, and that the highest conductivity is very little greater 
than that of the better-conducting component (m-cresol). 

It is remarkable that in each of the four systems examined, there has been found in the 
liquid state an association different from that so clearly shown in the corresponding freezing- 
point curves. This may be conveniently summarised thus : 


Molecular association. 
System. At thef.p. In solution. 
Phenol-aniline a 1:3 
Phenol—/-toluidine : 1:2 
Phenol—water : 1:1 
Phenol-m-cresol : 1:1 


SUMMARY. 


i. The electrical conductivities of the systems phenol-aniline, —f-toluidine, and 
-m-cresol have been determined at 50°. 

2. Each conductivity—-composition curve (like that for the system phenol—water, which 
has been previously investigated) shows no indication of the existence of the compound 
which is so clearly marked on the corresponding freezing-point curve. 

3. On the contrary, there is evident association in other molecular proportions. 

4, At one end of the series, the conductivity increases only slowly until the composition 
exceeds a certain value, which for phenol-water and phenol-m-cresol corresponds to 
equimolecular proportions and for phenol—aniline and phenol-/-toluidine to 1 of phenol to 
2of base. This is explained by the dual ionisation of the two constituents, which consists 
in the transfer of hydrogen ions. 

5. The curves for phenol-aniline and phenol—/-toluidine show pronounced maxima at 
approximately the same composition. Since the conditions at the maxima are practically 
identical, the ratio of the conductivities should be a measure of the relative basicities, and 
the value found is in good agreement with those obtained by measurements of the hydrolysis 
of the salts. 

6. The curve for phenol-m-cresol rises gradually at both sides to a value only slightly 
higher than that of the better-conducting component. The two substances are so similar 
that the tendency to transfer a hydrogen ion is little different at either end of the series. 


THE COLLEGE OF TECHNOLOGY, MANCHESTER. [Received, May 10th, 1933.] 





244, The Isomerism of the Oximes. Part XX XVIII. The Constitution 
of the Acetyl Derivatives of a- and B-Aldoximes. 


By O. L. Brapy and H. J. Grayson. 


THE assumption has always been made that the acetyl group in the acetyl derivatives of 
the «- and 6-aldoximes is attached to oxygen, (I) or (II), and not to nitrogen, (III) or (IV). 


R-CH R-CH R-CH R-CH 
N-OAc AcO-N AcN+>O O<NAc 
(I.) (II.) (III.) (IV.) 


Such a structural difference in these compounds might account for the ease with which 
one loses acetic acid to give a nitrile. Some eight years ago this question was investigated, 
and since one of us has been asked what evidence was available on the point, we are putting 
our results on record. 

The change from the tervalent to the quadrivalent state of the nitrogen atom in oxime 
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derivatives is marked by a pronounced shift of the absorption band of the compound 
towards the visible end of the spectrum. This is shown by the absorption spectra of the 
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p-Nitrobenzaldoxime Anisaldoxime. 
a- and 8-O-methyl ethers, (V) and (VI), and the N-methyl ether (VII) (Brady, J., 1914, 
105, 2112). 


R-CH R-CH 
N-OMe MeO-N 
(V.) (VI.) 


R-CH 

O<NMe 
(VII.) 

From the accompanying curves for derivatives of p-nitrobenzaldoxime and anisald- 
oxime it will be seen that the absorption of the two isomeric acetyl derivatives is very 
similar and approximates more closely to that of the O-ethers than of the N-ether. There 
seems, therefore, no reason to doubt that the «- and @-acetyl derivatives are similarly 
constituted and have the acetyl group attached to oxygen in both cases. 

UNIVERSITY COLLEGE, LONDON. [Received, June 21st, 1933.) 





245. Metathebainone. 
By RoBErtT S. CAHN. 


AppiTION of thebaine (I) to cold, concentrated hydrochloric acid gives a red, halochromic 
solution which contains 7% of codeinone (II) (formed by hydrolysis), but no unchanged 
thebaine; the remainder of the alkaloid is transformed into unstable, phenolic substances. 
Reduction of thebaine by stannous chloride and concentrated hydrochloric acid leads to 
12—55% of thebainone (III) and 50—19% of metathebainone * (IV), the relative propor- 
tions in which the two substances are formed varying greatly according to the experimental 
conditions (Pschorr, Pfaff, and Herrschmann, Ber., 1905, 38, 3160; Knorr, zbid., p. 3171; 


Gulland and Robinson, J., 1923, 128, 998; Schépf and collaborators, Annalen, 1927, 
458, 158; 1930, 483,170; 1931, 489, 224). It will be noted that formation of metathebain- 
one involves a change of ring structure. Schépf gives excellent reasons to show that 


* Prior to 1927 the substance now termed metathebainone was called thebainone. 
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metathebainone is not formed to any large extent by way of codeinone; in order to explain 
the results, he postulates that the “ red solution ”’ (7.e., the solution of thebaine in cold, 
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concentrated hydrochloric acid) contains, besides 7% of codeinone, approximately equal 
amounts of two intermediates which are the precursors of thebainone and metathebainone. 
In 1927 he assigned complete formule to these intermediates, but later reverted to the 
more indefinite representations, (V) and (VI), respectively. 

It has now been found that hydrogenation of the “‘ red solution ” in the presence of 
palladised charcoal gives nearly 85% of metathebainone and a small amount of 
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dihydrocodeinone [as (II), with the ethylenic linking reduced] and other non-phenolic 
substances. This result is in strong contrast to the results obtained with stannous chloride. 
Considered together, these reductions necessitate the assumption of an equilibrium between 
(V) and (VI). Schépf, however, considered that (V) and (VI) were formed directly and 
mainly independently from thebaine, and that it was improbable that the very stable 
grouping Ar -C:C-CO-CH-CH: would be in equilibrium with an approximately equal quantity 
(as his theory demands) of Ar: “C -CH-CO:C:C>. There is, moreover, no apparent reason 
why the presence of the catalyst should shift the equilibrium greatly in favour of (VI), 
so that this factor cannot be invoked. Even if the existence in terpene chemistry of 
equilibria demanding complicated ring changes be held to weaken Schdépf’s objection, a 
further difficulty arises. The formation of dihydrocodeinone from the very small amount 
of codeinone present in the “red solution ”’ shows that reduction of the 7 : 8-ethylenic 
linking is not hindered by the concentrated acid used as solvent (cf. Mannich and Léwenheim, 
Arch. Pharm., 1920, 258, 307). This linking is also present in (V) and should be as liable 
to reduction in (V) as in codeinone; consequently, dihydrothebainone should be formed 
in large amount. This, however, was not the case. 

If these objections are valid, the mechanism of the change proposed by Schépf and 
its extension to the formation of morphothebaine and apomorphine must be rejected 
(cf. Gulland and Virden, J., 1928, 922). It should, however, also be remembered that 
formula (IV) for metathebainone is not conclusively proved. It was hoped to make 
these experiments the beginning of an attack on these, as yet, unsolved sections of morphine 
chemistry. Circumstances, however, make this impossible. The method described is by 
far the best means of preparing metathebainone. 
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EXPERIMENTAL. 


Thebaine (20 g.) was added in small portions to concentrated hydrochloric acid (200 c.c.) 
at 0°. When solution was complete, palladium-norite (2 g., 10% Pd) was added, and the 
mixture was shaken at room temperature in hydrogen. Absorption (1556 c.c. at N.T.P.; 
1 mol.=1500 c.c.) was complete in 2 hours. The filtered, orange-red solution was diluted to 
about 750 c.c., made slightly alkaline by 40% sodium hydroxide solution (cooling), acidified, 
made alkaline again by sodium hydrogen carbonate, and extracted 4 times with chloroform, 
A fifth extraction removed only a trace of resin. The extracts were shaken repeatedly with 
2—3% sodium hydroxide solution until the alkali was no longer coloured (use of a more con- 
centrated solution precipitated the sodium salt of the phenol). The chloroform, when dried 
and evaporated, gave 1-9 g. of non-phenolic, gummy bases; rubbing with ethyl acetate induced 
crystallisation ; two crystallisations from ethyl acetate and one from alcohol gave a little dihydro- 
codeinone, m. p. 190—192°; mixed with an authentic specimen (m. p. 198°) it had m. p. 192— 
195°, and identity was confirmed by preparation of the oxime, decomp. 264° (sparingly soluble 
in alcohol and ethyl acetate; crystallised from chloroform—alcohol). The alkaline extracts 
were acidified, made alkaline with sodium bicarbonate, and extracted five times with chloroform. 
When dried and evaporated, the extract gave metathebainone as a resin which crystallised 
when rubbed with methyl alcohol; yield of crystals washed with a little methyl alcohol, 18-2 g. 
(85%). Recrystallisation from methyl alcohol gave 17-2 g. (81%) of pure base, m. p. 120— 
120-5° (decomp.) (lit. 115—118°) [Found: C, 685; H, 7:7; OMe, 18-7. Calc. for 
C,,H,,0,N(OMe),MeOH : C, 68-8; H, 7-6; OMe, 18-7%]. Identity was confirmed by prepara- 
tion of the anhydrous form (m. p. 90°; thick, six-sided plates, often greatly elongated, from 
water; mixed m. p. of both forms with specimens prepared by stannous chloride) and of the 
picrate (decomp. ca. 245°, uncorr.). 

When a solution of thebaine (10 g.) in cold concentrated hydrochloric acid (25 c.c.) was 
diluted at 0° with water (225 c.c.) and shaken with palladium-charcoal (1 g.) in hydrogen, no 
reduction took place. In a second experiment, however, when the thebaine (4 g.) in acid (20c.c.) 
was added to cold water (200 c.c.) and shaken with the catalyst (1 g.), about 200 c.c. (= 0-66 
mol.) of hydrogen were absorbed in 20 mins., and absorption then ceased. There were obtained 
1-1 g. of recrystallised metathebainone, m. p. 118—119° (alone or mixed m. p.), and oily non- 
phenolic bases which partly crystallised from ethyl acetate but were not further investigated. 

An attempt to reduce metathebainone by Clemmensen’s method failed. 


The author is indebted to Imperial Chemical Industries, Ltd., for a grant. 


UNIVERSITY COLLEGE OF N. WALES, BANGOR. [Received, June 21st, 1933.] 





246. Organic Derivatives of Silicon. Part XLVIII. Steric Effects 
of the cycloHexyl Group. 


By NoEL W. Cusa and FREDERIC S. KIPPING. 


THE interaction of phenylsilicon trichloride (1 mol.) and cyclohexylmagnesium bromide 
(1 mol.) (Cusa and Kipping, J., 1932, 2205) led to the formation of much very high-boiling 
material, but this was a complex mixture of substances containing chlorine and oxygen, 
and no quaternary hydrocarbon was isolated. Efforts have now been made to prepare 
tricyclohexylphenylsilicane by the use of excess of the Grignard reagent, but these were 
unsuccessful. When no precautions were taken to exclude atmospheric oxygen, the prin- 
cipal product was cyclohexyloxydicyclohexylphenylsilicane (85—90%), but when the experi- 
ment was carried out so far as possible in an atmosphere of nitrogen, there resulted a 
mixture from which dicyclohexylphenylsilicane (40—50%) and cyclohexyloxydicyclo- 
hexylphenylsilicane (15—25%), together with dicyclohexylphenylsilicol and condensation 
products of cyclohexylphenylsilicanediol, have been isolated. 

Dilthey and Edouardoff (Ber., 1904, 37, 1139) failed to obtain tetraphenylsilicane by 
the action of an excess of phenylmagnesium bromide on silicon tetrachloride, but this 
substance is readily produced by the interaction of sodium, chlorobenzene, and silicon 
tetrachloride in ethereal solution (Polis, Ber., 1885, 18, 1542); attempts to prepare tri- 
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cyclohexylphenylsilicane by a similar method failed. It has been found, however, that 
tetraphenylsilicane is readily produced by the action of phenylmagnesium bromide on 
silicon tetrachloride or on phenylsilicon trichloride at 160—180°. (Dilthey and Edouardoff, 
loc. cit., carried out the reaction at 35° and obtained exclusively triphenylsilicol on 
hydrolysis.) 

Now, many other quaternary silicohydrocarbons have been prepared without difficulty 
with the aid of Grignard reagents (Kipping, J., 1907, 91, 209, 717; Marsden and Kipping, 
J., 1908, 93, 198; Bygden, Ber., 1911, 44, 2642; 1912, 45, 709), and the authors have 
obtained dicyclohexylphenylethylsilicane by the action of ethylmagnesium bromide on 
dicyclohexylphenylsilicyl bromide. It is therefore suggested that failure to prepare 
tricyclohexylphenylsilicane is due to steric hindrance. A similar case was recorded by 
Kipping (J., 1923, 123, 2598), who found that, although the di-iodide, Si,Ph,I,, gives a 
crystalline diethyl derivative with ethylmagnesium bromide, no corresponding decaphenyl 
compound is produced by the action of phenylmagnesium bromide. 

There is also much evidence from several other sources which indicates that the cyclo- 
hexyl group exerts a considerable steric effect. For instance, the action of cyclohexyl- 
magnesium bromide on carbonyl chloride or on hexahydrobenzoic ester gives rise to di- 
and not to tri-cyclohexylcarbinol (Sabatier and Mailhe, Compt. rend., 1904, 139, 343; 
Gray and Marvel, J. Amer. Chem. Soc., 1923, 45, 2796), and although the hydrogenation of 
triphenylcarbinol under pressure gives tricyclohexylmethane, yet no trace of tetracyclo- 
hexylmethane is formed when tetraphenylmethane is treated in the same way (Ipatiew 
and Dolgow, J. Russ. Phys. Chem. Soc., 1926, 58, 1023; 1927, 59, 1087). 

The nitration of phenylcyclohexane gives an o/p ratio of 0-61, whereas the corresponding 
value for diphenyl is 1-13 (Mayes and Turner, J., 1929, 500), a fact which cannot be ex- 
plained by the theories of aromatic substitution. Le Févre (Nature, 1933, 131, 655) has 
called attention to steric hindrance as an important factor in these problems. : 

The action of cyclohexylmagnesium bromide on germanium tetrachloride gives tricyclo- 
hexylgermanium chloride, but no tetracyclohexylgermane can be isolated (Bauer and Bursch- 
kies, Ber., 1932, 65, 956). On the other hand, tetraphenyl-, tetra-p-tolyl-, and other 
quaternary germanes are readily produced by such reactions (Tabern, Orndorff, and 
Dennis, J. Amer. Chem. Soc., 1925, 47, 2039). Triphenylgermanium chloride, when 
hydrolysed, gives rise to the corresponding oxide, the simple germanol being unknown 
(Morgan and Drew, J., 1925, 127, 1760); tricyclohexylgermanium chloride, however, gives 
the simple germanol and the oxide is unknown (Bauer and Burschkies, Joc. cit.; cf. dicyclo- 
hexylphenylsilicol, Cusa and Kipping, loc. cit.). 

Tetracyclohexyltin (Krause and Pohland, Ber., 1924, 57, 532) and_tetracyclo- 
hexyl-lead (Krause, Ber., 1921, 54, 2060) are formed in poor yields by the action of 
cyclohexylmagnesium bromide on the tetrachlorides, but the products are relatively 
unstable. 

cycloHexyloxydicyclohexylphenylsilicane, (CgH,,).SiPh-OC,H,,, unlike phenoxy- (Kipp- 
ing, J., 1927, 2730) and ethoxy-silicon compounds (Murray and Kipping, ibid., p. 2734), is 
very stable towards alkalis; it resembles these compounds closely in its other chemical 
reactions. The formation of this substance in considerable quantities, even when oxygen 
is excluded so far as possible, may possibly be due to the unavoidable oxidation of the 
Grignard reagent, a factor the importance of which has recently been emphasised by 
Goebel and Marvel (J. Amer. Chem. Soc., 1933, 55, 1693). 

The formation of dicyclohexylphenylsilicane, (CgH,,),SiPhH, in the above reaction 
was entirely unexpected, no corresponding case having been observed in silicon chemistry. 
Gomberg and Cone (Ber., 1906, 39, 1461), however, obtained some triphenylmethane by the 
action of phenylmagnesium bromide on triphenylmethyl chloride. This they ascribed to 
the formation of triphenylmethylmagnesium bromide, which gave triphenylmethane when 
reated with water. Although the occurrence of such a reaction has been questioned 
(Gilman and Jones, J. Amer. Chem. Soc., 1929, 51, 2841), its assumption seems to be the 
only satisfactory explanation in the present case. 

This substance, unlike triphenyl- (Kipping and Murray, J., 1929, 364) and tribenzyl- 
silicane (Evison and Kipping, J., 1931, 2830), is only very slowly decomposed by alkalis, 
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with evolution of hydrogen. According to Taurke, however (Ber., 1905, 38, 1665), triz‘so- 
amylsilicane is not attacked by aqueous potassium hydroxide. 

Dicyclohexylphenylethylsilicane, SiEtPh(CgH,,)2, when treated with bromine in 
glacial acetic acid solution, gives rise to ethyl bromide, bromobenzene, and an oil which 
apparently consists of a mixture of condensation products of dicyclohexylsilicanediol. 
The stability of the Si-C,H,, linkage towards bromine is not, therefore, a general property 
of aliphatic, as opposed to aromatic, groups. 


EXPERIMENTAL. 


cycloHexyloxydicyclohexylphenylsilicane.—Phenylsilicon trichloride (10 g.) is added to an 
ethereal solution of cyclohexylmagnesium bromide (prepared from 100 g. of cyclohexyl bromide), 
and the mixture heated under reflux for 1 hour; the ether is then evaporated, and the residue 
heated at 160—180° for a further 3—4 hours. The product, after treatment with dilute hydro- 
chloric acid, is steam-distilled to expel dicyclohexy]l and then distilled ina vacuum. The fraction, 
b. p. 180—220°/0-5 mm. (15 g.), solidifies when cooled, and is freed from traces of oily matter by 
recrystallisation at 0° from aqueous acetone. 

A colourless, crystalline solid, m. p. 103—104°, is thus isolated, which is readily soluble in 
all the common solvents with the exception of alcohol, acetone, and acetic acid in the cold. It 
crystallises in large, transparent, hexagonal prisms (Found: C, 78-0, 78-1; H, 10-3, 10-2; M, 
cryoscopic in benzene, 371. C,,H;,OSi requires C, 77-9; H, 10-39%; M, 370). When treated 
with bromine or with hydrogen bromide in acetic acid, this substance is converted into tri- 
anhydrotrisdicyclohexylsilicanediol (Cusa and Kipping, /oc. cit.), m. p. 287—-239°, and when heated 
in acetyl or benzoyl chloride solution during 30 mins., and the product hydrolysed, it affords 
dicyclohexylphenylsilicol, m. p. 146°; these reactions serve to establish its constitution. When 
heated during an hour with acetone and 5% aqueous potassium hydroxide, cyclohexyloxydi- 
cyclohexylphenylsilicane is unchanged. 

Dicyclohexylphenylsilicane.—Phenylsilicon trichloride (50 g.) is treated with a large excess 
of cyclohexylmagnesium bromide (from 500 g. of cyclohexyl bromide) under the conditions 
described above, except that this operation and the preparation of the Grignard reagent are 
carried out in an atmosphere of dry nitrogen.* The product, after decomposition with dilute 
hydrochloric acid, is extracted with ether, dried, and distilled under 8 mm. Dicyclohexyl (200 
g.) passes over below 120°, and the temperature then rises rapidly to 190°; the fraction, b. p. 
190—230°, consists principally of dicyclohexylphenylsilicane (40 g.); that of b. p. 230—260° 
(20 g.) solidifies when cooled, and consists of cyclohexyloxydicyclohexylphenylsilicane. A 
small fraction (10 g.) distils at 260—330° and contains dicyclohexylphenylsilicol and condens- 
ation products of cyc/lohexylphenylsilicanediol. 

In order completely to separate dicyclohexylphenylsilicane from the cyclohexyloxy-com- 
pound, repeated fractionation is necessary. After many distillations, a fraction of b. p. 180— 
185°/4 mm. can be isolated which is practically pure (Found: C, 79-5; H, 10-5; Si, 10-1; 
H.V.f 76-2. C,gH,gSi requires C, 79-3; H, 10-3; Si, 103%; H.V., 82). Dicyclohevyl- 
phenylsilicane is an oily liquid with a pleasant odour, which does not solidify when cooled in a 
freezing mixture or when kept at 0° for many weeks. It is miscible with all the common solvents 
with the exception of alcohol and acetic acid in the cold, and can be distilled under atmospheric 
pressure without decomposition (b. p. 340—345°). When treated with 20% aqueous potassium 
hydroxide and an organic solvent (acetone, alcohol, pyridine, or piperidine), it is very slowly 
decomposed, giving dicyclohexylphenylsilicol with evolution of hydrogen. 

Dicyclohexylphenylsilicane can be readily converted into the silicol by the action of oxidising 
agents, ¢.g., ammoniacal silver nitrate or potassium permanganate in acetic acid. It reacts 
instantly with bromine in carbon tetrachloride solution with evolution of hydrogen bromide, 
giving rise to dicyclohexylphenylsilicyl bromide (not isolated in the crystalline condition) which 
yields dicyclohexylphenylsilicol when hydrolysed. As this reaction takes place rapidly in the 
cold (conditions under which fission of the Si-Ph linkage by bromine takes place only very slowly), 

* Commercial nitrogen which has been passed through alkaline pyrogallol (two bottles), alkaline 
sodium hydrosulphite (two bottles), concentrated sulphuric acid (two bottles), and finally up a tower 
containing calcium chloride. 

t H.V. = hydrogen value, i.e., volume of hydrogen in c.c. liberated per g. of substance on treatment 
with bases and an organic solvent (see Kipping and Sands, J., 1921, 119, 848). This low experimental 
value may be attributed to the occurrence of atmospheric oxidation during the prolonged treatment 
which is necessary. 
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dicyclohexylphenylsilicane can be conveniently estimated by titration with bromine in carbon 
tetrachloride solution by using either starch-iodide paper externally or, more accurately, by 
adding an excess of halogen and back-titrating. In this way the fraction of b. p. 180—185°/ 
4mm. was found to contain 98-7% of dicyclohexylphenylsilicane. 

This silicane does not react readily with iodine in solution, but when the two substances are 
warmed together without a solvent, hydrogen iodide is evolved and the dark, sticky product, 
when hydrolysed, gives dicyclohexylphenylsilicol. 

Dicyclohexylphenylethylsilicane.—The above silicane (5 g.) is dissolved in light petroleum, 
and a solution of dry bromine in the same solvent is added in slight excess. The solvent is 
then distilled, and the oily residue heated to expel hydrogen bromide; ethylmagnesium bromide 
in excess is then added, and the mixture heated under reflux for 1 hour. There being no separ- 
ation of magnesium halide, the ether is distilled, and the residue heated at 160—180° for 3 
hours. The product is decomposed with ice—water, a little hydrochloric acid added, and the 
whole extracted with ether, washed, dried, and distilled under atmospheric pressure. The 
resulting liquid (b. p. ca. 370°) is colourless when freshly distilled but rapidly acquires a greenish 
fluorescence when exposed to light. It is miscible with most of the common solvents with the 
exception of alcohol and acetic acid (Found: C, 80-3; H, 10-7; Si, 9-3. C, 9H ,Si requires 
C, 80-0; H, 10-7; Si, 9-3%). 

When this dicyclohexylphenylethylsilicane is heated with an excess of bromine in acetic 
acid for 2—3 mins., the product being neutralised with 20% aqueous potassium hydroxide and 
then steam-distilled, ethyl bromide and bromobenzene pass over and the residual oil consists of 
a mixture of condensation products of dicyclohexylsilicanediol (Found: C, 68-4; H, 10-3. 
Calc. for C,,H,,OSi: C, 68-6; H, 10-5%). 

Preparation of Tetraphenylsilicane—Silicon tetrachloride (5 g.; 1 mol.) is added to an 
ethereal solution of phenylmagnesium bromide from 20 g. of bromobenzene (ca. 4-5 mols.). 
The mixture is heated under reflux for 1 hour, the ether being then distilled, and the residue 
heated at 160—180° for 3—4 hours. The product, decomposed with dilute hydrochloric acid, 
is steam-distilled to expel diphenyl, and the pasty residue is extracted with acetone, which re- 
moves small quantities of triphenylsilicol and the other by-products. The remainder (6—7 g.) 
is completely soluble in hot benzene, from which it crystallises in small, glistening needles, 
m. p. 233—234°, identical with tetraphenylsilicane produced by Polis’s method (/oc. cit.). 


UNIVERSITY COLLEGE, NOTTINGHAM, [Received, June 22nd, 1933.] 





247. Tertiary Phosphines containing Secondary Alkyl Radicals. 
By W. CuLE DavIEs. 


PREVIOUS attempts to prepare tertiary phosphines containing secondary alkyl radicals 
have failed. Hofmann (Ber., 1873, 6, 292) prepared the hydriodides of triisopropyl- and 
ethyl¢sopropylisobutyl-phosphine, but the phosphines obtained therefrom on treatment 
with alkali were impure. No phosphine was obtained when phosphorus trichloride or 
aryldichlorophosphines were added to the magnesium derivatives of isopropyl and of 
sec-butyl bromide (Davies, Pearse, and Jones, J., 1929, 1268). Explanation of this 
result, based on the adverse effect of excess Grignard reagent (Krause and Grosse, Ber., 
1925, 58, B, 1933) and on a different reaction course with the magnesium derivatives of 
secondary alkyl halides from that with those of primary alkyl halides (Ivanoff and Spassoff, 
Bull. Soc. chim., 1931, 49, 375), is not applicable in this case. However, by employing 
much larger amounts of secondary alkyl bromide and magnesium than in the general 
method, satisfactory yields of ¢ri-isopropyl-, -sec.-butyl-, and p-phenoxyphenyldtisopropyl- 
phosphine have now been obtained. 

These large excesses are necessary to compensate for the low yield from sec.-alkyl 
bromides of Grignard reagents, which, in turn, must be in excess owing to a reaction 
occurring between the phosphorus chlorides and a tertiary phosphine. 


EXPERIMENTAL. 
Effect of Excess Phosphorus Trichloride on the Production of Tertiary Phosphine.—An ethereal 
solution of phosphorus trichloride (14-2 g., 0-25 mol.) was slowly added to a well-cooled, filtered, 
ethereal solution of isopropylmagnesium bromide, prepared from 10 g. of magnesium and 
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50-6 g. of the alkyl bromide (corresponding theoretically to 1 mol., but actually, because of 
side reactions, to about 0-5—0-6 mol.). When half of the trichloride had been added (excess 
of Grignard reagent), a test portion of the ethereal solution was removed and treated with 
carbon disulphide. A red coloration, indicating the presence of triisopropylphosphine, 
developed. When all the trichloride had been added (i.e., excess), the precipitated substances 
were bright yellow, and a test portion of the ethereal layer gave no coloration with carbon 
disulphide. No phosphine was obtained in the subsequent separation and distillation. 

Preparation of the Phosphines.—To the well-cooled Grignard reagent, previously filtered 
through a Jena-glass funnel with sintered glass disc (porosity 4), an ethereal solution of the phos- 
phorus chloride was slowly added in an apparatus through which a current of nitrogen was 
passing. The following quantities were used in the three preparations: (1) 17-2 g. (§ mol.) of 
phosphorus trichloride and 123 g. (1 mol.) of isopropyl bromide; (2) 33-9 g. (} mol.) of p-phenoxy- 
phenyldichlorophosphine and 123 g. of isopropyl bromide; (3) 13-75 g. (;'; mol.) of trichloride 
and 137 g. (1 mol.) of sec.-butyl bromide; and in each case 24-3 g. of magnesium and a total 
of 650 c.c. of ether. The reaction product was kept in the cold for $ hour, and then cautiously 
treated with ammonium chloride solution. The ethereal solution was dried (sodium sulphate), 
the ether removed, the residue fractionally distilled under reduced pressure, and the phosphine 
fraction redistilled. 

Special precautions were necessary to replace air by nitrogen or carbon dioxide in the 
preparations and subsequent manipulations of tri-isopropyl- and -sec.-butyl-phosphine, which 
were much more readily oxidised than the corresponding »-alkylphosphines. 

Triisopropylphosphine (yield, 5 g.), b. p. 81°/22 mm., was miscible with alcohol (Found: 
C, 67-0; H, 13-4. C,H,,P requires C, 67-4; H, 13-2%). Some improvement in the carbon 
and hydrogen determinations of this and other difficultly combustible phosphorus compounds 
was obtained by surrounding the glass weighing tube containing the substance with powdered 
copper oxide contained in a copper cylinder, the ends of which were perforated. The cylinder 
was then introduced into the combustion tube. 

Methyltriisopropylphosphonium iodide, prepared from the phosphine and methyl iodide in 
ether and recrystallised from alcohol-ether, was freely soluble in water and alcohol, insoluble 
in ether, and had not melted at 360° (Found: I, 42-1. C,)H,,IP requires I, 42-0%). 

The carbon disulphide addition compound, Pr8,P,CS,, brown rhombic plates, m. p. 111° 
to a colourless liquid (Found: C, 50-8; H, 9-2. C, H,,S,P requires C, 50-8; H, 9-0%), was 
prepared by mixing cold alcoholic solutions of the components. The crystals were collected, 
and washed with ice-cold alcohol-carbon disulphide. The compound dissociated in hot solution 
and was not very stable in the air. 

p-Phenoxyphenyldiisopropylphosphine (yield, 16 g.) had b. p. 209°/13 mm.; d} 1-0423; 
ny 15826; ne — n& 0-0217 (Found: C, 75-2; H, 8-2. C,,H,,OP requires C, 75-5; 
H, 81%). Its methiodide was almost insoluble in cold, but moderately soluble in hot 
water, and formed hexagonal plates, m. p. 203—204° (Found: I, 29-0. C,,H,,OIP requires 
I, 296%). The carbon disulphide addition compound, prepared by mixing its generators 
in alcohol and cooling to —5°, formed brown crystals, m. p. 46° to a colourless liquid, and was 
almost insoluble in cold alcohol. It almost immediately became moist in the air and lost 
its colour. The high carbon and hydrogen content obtained in the analysis was probably 
due to loss of carbon disulphide before weighing (Found: C, 64:5; H, 6-9. C,9H,;OPS, 
requires C, 63-0; H, 6-4%). 

Tri-sec.-butylphosphine (yield, 6-5 g.) (Found: C, 71-3; H, 13-8. C,,H,,P requires C, 71-2; 
H, 13-5%) had b. p. 108°/11 mm. In the first distillation there were obtained 4 g. of 
purified 3-dimethylhexane, b. p. 115—116°/760 mm.; nj 1-4028, resulting from the 
synthetic action of magnesium on sec.-butyl bromide. Methyltri-sec.-butylphosphonium iodide, 
m, p. 149° (Found: I, 36-8. C,,H,,IP requires I, 36-8%), was best recrystallised from water. 
The compound with carbon disulphide, m. p. 66° to a pink liquid (Found: C, 56-2; H, 10-0. 
C,3H,,S,P requires C, 56-1; H, 9-8%), was unstable. In the air it was immediately converted 
into a colourless liquid, containing the parent phosphine, which was then oxidised with 
exceptional vigour. Addition of methyl iodide to the compound gave a deep red liquid, but 
addition to a suspension of the compound in ether afforded a white precipitate of methyltri- 
sec.-butylphosphonium iodide. 

All thermometer readings are corrected. 


UNIVERSITY COLLEGE, CARDIFF. [Received, June 27th, 1933.] 
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248. Llectrometric Studies of the Precipitation of Hydroxides. Part 
X. The Action of Ammonia on Solutions of Potassium Mercuri- 
iodide, and Mercuric Bromide, Nitrate, Sulphate, and Perchlorate. 


By H. T. S. Britron and BEATRICE M. WILson. 


THE study of the reaction between ammonia and mercuric chloride solutions (see Part IX, 
this vol., p. 601) has been extended to other mercuric halides and to oxy-acid salts, which, 
unlike the halides, undergo appreciable hydrolysis and ionisation. From solutions of 
the halides dilute ammonia causes precipitation at lower fq values than: when sodium 
hydroxide is used, evidently on account of the diminished solubility of the ammoniated 
precipitate so obtained. The use of concentrated ammoniacal solutions, however, not 
only causes precipitation but retains a little mercury in solution. In this regard mercury 
is similar to such metals as silver, copper, cadmium, etc., in forming complex ammine 
solutions. Precipitation from oxy-acid salt solutions with ammonia occurs under similar 
conditions of hydrogen-ion concentration to those with alkali, although the precipitates 
contain much ammonia, apparently in a state of combination. A perusal of the extensive 
literature on the composition of the various precipitates leads one to the erroneous impres- 
sion that they are analogues of either fusible white precipitate, infusible white precipitate, 
or the respective salts of the so-called Millon’s base. Usually the composition of precipitates 
is indefinite and depends largely on the precise conditions under which the precipitations 
were performed, including the concentration of ammonium salt originally present or 
formed in the course of the reaction. 


EXPERIMENTAL. 


I.a. The Reaction between Ammonia and Mercuric Bromide.—The crystalline bromide was 
prepared from its constituents as described by Larine (J. Pharm. Chim., 1904, 20, 455), Reinders 
(Z. physikal. Chem., 1900, 32, 494), and Léwig (Mag. Pharm., 1828, 38, 7). Owing to its sparing 
solubility, very dilute solutions had to be employed. Thus 100 c.c. of 0-005M-mercuric bromide 
were titrated with 0-02N-ammonium hydroxide at 16° using the glass electrode, and also at 
25° by means of conductivity measurements. The curves obtained are given in Fig. 1, where 
the pq curve is compared with that obtained by performing a similar titration with sodium 
hydroxide. Not only did the ammonia cause precipitation at a lower py, but, as the inflexion 
shows, it was complete with approximately 1-75 mols. of ammonia to 1 mol. of the bromide. 
The conductivity curve, I, also shows that a maximum specific conductivity occurred when 
1:75 mols. had been added. Curves II and III give respectively the variations in specific 
conductivity that would have resulted if mercuric oxide alone or the analogue of infusible 
white precipitate, viz., HgO,HgBr,,2NH3;, had been precipitated. The precipitate was pale 
yellow and granular. By adding the ammonia directly, with shaking, slightly less is required 
for complete precipitation. Thus, analysis of the mother-liquors when 2, 3, and 4 mols. of 
ammonia had been added, showed that 1-60, 1-60, and 1-65 mols. of ammonia respectively 
had been required for precipitation, whilst the molecular proportions of ammonium bromide 
present were 1-12, 1-15, and 1-17 respectively, from which it follows that the precipitate varied 
from HgBro.gg(OH)1-12(NH3)o-1g to Hg Brg.g3(OH)1-17(NH3)o-45- 

According to the pg values set up after 1-75 mols. of ammonia had been added, approxi- 
mate calculation reveals that the precipitate corresponding to the addition of 2-4 mols. of 
ammonia was HgBro.g.(OH),.1;(NH3)9-¢;, but that as the titration proceeded it became 
HgBro.¢9(OH)1.3;(NH3)9-44 with 3-6 mols. of ammonia. The conductometric data lead to 
similar results. Calculations were carried out as in Part IX, in which the specific conductivity 
at any point in the titration is assumed to be due entirely to the ammonium bromide formed, 
that of any unattacked mercuric bromide being negligible. During precipitation, the precipitate 
varied from HgBro.g.(OH),.1,(NHs)9.57 with 0-4 mol. of ammonia to HgBro.,;(OH) ;-29(NHs3)9-46 
with 1-6 mol., whilst after precipitation had ended the composition gradually varied from 
HgBro.2;(OH)y-o9(NHa)o-4¢ at 2 mols. of ammonia to HgBro.;,(OH)o-43(NHsg)9-32 at 4 mols. 
This titration was carried out very slowly, and thus it would appear that the greater time in 
which the mother-liquor was in contact with the precipitate before the measurements were 
made, enabled further decomposition of the precipitate to take place. It is also possible that 

3Z 
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the ammonia content of the precipitate may have increased somewhat, for the disappearance 
of ammonia from the solution in the presence of much ammonium bromide is not indicated by 
the specific conductivity. To ascertain whether an ammoniated bromide of definite composition 
would result if ample time were allowed for the attainment of equilibrium between the liquid 
and the solid phase, 0-02N-ammonia (in the first three cases) and 0-1N-ammonia (in the last 
three) were added in varying molecular proportions to 100 c.c. of 0:005M-mercuric bromide 
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and mechanically shaken for several days. Table I gives the amounts of ammonia and 
ammonium bromide present in the liquid phase from which the composition of the solid phase 
was computed. 


TABLE I. 
Combined with Hg. 





NH, added. NH, found. NH,Br found. NH, reacted. Br. NHs3. 
2°07 0°32 1°36 1°75 0°64 0°39 
2°99 1°16 1-40 1°83 0°60 0°43 
3°99 2°15 1°43 1°84 0°57 0°41 
9°97 7°90 1-50 2-07 0°50 0°57 

14°96 12°81 1°53 2°15 0°47 0°62 
19°94 17°75 1°57 2°19 0°43 0°62 


These data show that some little ammonia reacted with the precipitate and that the total 
ammonia slightly exceeded 2 mols. The precipitate is seen not to correspond exactly with 
the analogue of either ‘ fusible” or “‘ infusible”’ white precipitate or with the bromide of 
Millon’s base, except perhaps in a qualitative sense. 

I.b. The Reaction between Ammonia and Potassium Mercuri-iodide.—As shown in Part VII, 
sodium hydroxide has no effect on solutions of mercuric chloride in potassium iodide. Unlike 
the chloride and bromide, the complex mercuric iodide solutions do not react with aqueous 
ammonia; in fact, not only is no precipitate produced, but q measurements with the glass 
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electrode have shown that no reaction ensues whatsoever. Thus in the titration of 100 c.c. 
of 0-01M-potassium mercuri-iodide and 0-006N-potassium iodide with 0-1086N-ammonia at 
175° the pg values on adding 5, 10, and 20 c.c. were 10-57, 10-71, 10°86. Knowing 
that Pxxgion = 4°70, it follows that if noammonia had reacted, the pq values should have been 
respectively 10-66, 10-79, and 10-92. If any ammonium iodide had been formed as the result 
of reaction, much lower py values would have been obtained. 

If, however, sufficient sodium hydroxide is added to raise the py through about 1 unit, the 
characteristic Nessler’s reagent coloration will first be produced, which will soon be followed 
by the separation of a precipitate. Table II gives some figures concerning the amounts of 
sodium hydroxide necessary to produce a precipitate, and shows that the hydrogen-ion concentra- 
tion plays an important part in the separation of the ammoniated precipitates which are thereby 


formed. 
TABLE II. 


Addition of 0-1046N-Sodium Hydroxide to 100 c.c. of 0-O01M-Potassium Mercuri-iodide and 
0-006M-Potassium Iodide +- x c.c. of 0-1086N-Ammonia at 18°. 
Coloration. Precipitation. Coloration. Precipitation. 
Ks NaOH, c.c. py. NaOH,c.c. pg. x. NaOH,c.c. py. NaOH,c.c. pg. 


2°5 22°5 12°51 35°0 12°54 10-0 5:0 11°71 17°5 12°23 
50 12°5 12°16 20°0 12°34 20°0 5:0 11°73 17°5 12°25 


Il.a. The Reaction of Ammonia with Mercuric Nitrate——In order to maintain the nitrate 
in clear solution it is necessary to include some nitric acid. The diagrams at the right of Fig. 1 
represent a glass-electrode titration at 18° and a conductometric titration at 25° of 
100 c.c. of 0-02674M-mercuric nitrate and 0-00961N-nitric acid with 0-1N-ammonia. Both 
titration curves indicate that exactly 2 mols. of ammonia were required to complete the precipita- 
tion. The precipitate was white. Analysis of the mother-liquor when 2 mols. of ammonia 
had been added revealed that the precipitate contained Hg(NOs)o.54(OH),-4g(NH3)o-54. The 
py values indicate somewhat higher NO, and NH; contents at first, but on the addition of 
110 c.c. of ammonia (7.e., 1-75 mols. in excess) the precipitate had acquired the same composition. 
Using Jones’s (Carnegie Institution of Washington Publications, 1912, 170) conductivities of 
ammonium nitrate, calculations have been made from the specific conductivities of the liquid 
phases after precipitation had become complete, the specific conductivity of the excess of ammonia 
being negligible. They indicate an average composition of Hg(NO3)9.34(OH) 1.¢¢(NH3)9-34, Whilst 
the specific conductivities of mother-liquors that had been shaken with their precipitates 
for several days lead to Hg(NOs)9.49(OH) 1-69(N Hs) o-40- 

On comparing this curve with that obtained when sodium hydroxide is substituted 
for ammonia, it is seen that precipitation with either reagent occurs within a similar py range. 

Although the curves show that 2 mols. of ammonia react with 1 mol. of mercuric nitrate, 
some little absorption of ammonia by the precipitate takes place on adding excess, e.g., with 
2 mols. in excess the ammonia which had reacted was 0-16 mol. per mol. of the nitrate. 

II.b. The Reaction of Ammonia with Mercuric Perchlorate —Glass-electrode and conducto- 
metric titration curves of solutions of mercuric perchlorate and free perchloric acid were very 
similar to those obtained with the nitrate solutions. Also, the end-points again occurred when 
exactly 2 mols. of ammonia had been added. The hydrogen-ion concentration prevailing 
during precipitation was almost identical with that established when sodium hydroxide was 
used. With 100 c.c. of 0-02578M-mercuric perchlorate and 0-01337N-perchloric acid and 
0-1N-ammonia a very pale yellow precipitate was obtained which, however, did not coagulate 
until a considerable excess of ammonia had been added; owing to the colloidal nature of the 
precipitate, analysis did not yield entirely satisfactory results. The py data indicated 
that the precipitate ranged in composition from Hg(ClO,)9.;.(OH),.49(NH3)o-52 to 
Hg(ClO,)9.59(OH)y-4;(NH5)9.59 during the addition of 2 mols. of ammonia in excess, whereas 
the corresponding conductivity measurements pointed to Hg(ClO,4)9.4;(OH) y-59(NHs)9-41- 

Il.c. The Reaction of Ammonia with Mercuric Sulphate——The sulphate hydrolyses so 
readily that a large amount of sulphuric acid is necessary to keep it in solution. Hence, on 
addition of ammonia there results a large concentration of ammonium sulphate which eventually 
reduces the accuracy of the calculations based on either py or conductivity data. The electro- 
metric curves, however, gave well-defined end-points when the stoicheiometric amounts of 
ammonia had been added, and the py values during precipitation were comparable with those 
which would have prevailed had sodium hydroxide been the precipitant. An analysis was 
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made of the precipitate obtained by the interaction of 132-8 c.c. of 0-3N-ammonia and 200 c.c, 
of a solution 0-02415M with regard to mercuric sulphate and 0-1438N with regard to sulphuric 
acid. The precipitate was dissolved in potassium iodide solution and the free ammonia and 
potassium hydroxide were estimated [see Part VIII (this vol., p. 9) and Part IX (loc. cit.)}. 
The molecular composition of the precipitate may be expressed as Hg(SO,)9-29(OH) 1-42(NH5) 9.59. 


DISCUSSION. 


It will be seen that ammonia causes the precipitation of ammoniated basic salts from 
solutions of mercuric salts of nitric, perchloric, and sulphuric acids within the same range 
of hydrogen-ion concentration as when sodium hydroxide is employed. Since the solubility 
product of mercuric hydroxide, [Hg™][OH’]?, is 1 x 10-°6, and because these salts are ionised 
to an extent of about 40% (cf. Morse, Z. physikal. Chem., 1902, 41, 709), it follows that 
mercuric oxide should be precipitated from fairly acid solutions, #g 2—3. This happens 
to be the range within which the ammoniated nitrate, perchlorate, and sulphate precipitates 
are formed, and thus it appears that as far as their precipitation is concerned, they are 
intimately connected with the mercuric oxide they contain. This is in harmony with 
the view expressed in Part IX that ammonia gives precipitates of ammoniated basic salts. 
On the contrary, approximate calculation showed that the ionic product, [Hg*"][OH’}?, 
corresponding to the conditions under which ammoniated mercuric chlorides were precip- 
itated was equal to ca. 10-®. Table III shows that similar conditions prevail during the 
precipitation of ammoniated bromides. The mercuric-ion concentrations at different 
stages of the process of precipitation were computed by means of the relationship 
[Hg*")[Br’}?/[HgBr,] = 2-0 x 1078 governing the equilibria HgBr, —= Hg” + 2Br’ as found 
by Morse (loc. cit.). The ammonium bromide concentration, and therefore that of the 
bromide ion, was estimated from the conductometric titration curve, and the concentration 
of mercuric bromide was based on the assumption that the precipitation proceeded 
uniformly, requiring 1-75 mols. of ammonia per mol. of mercuric bromide. 


TABLE III. 
Ionic Product, [Hg**|[OH'}?, during Titration of 100 c.c. of 0-005M-HgBr, with 0°02N-NH,OH. 
NH,OH, mols. Pug: Pou’. Pug: -f 2Pow- NH,OH, mols. Pug:- Pon’: Pug: oa 2Pon’: 
0-4 14°33 7°08 28°5 1-2 15°68 6°45 28°6 
08 15°14 6°77 28°7 16 16°45 5°94 28°4 


The inability of ammonia to produce a precipitate from a solution of potassium mercuri- 
iodide, 0-01M-K,Hgl, + 0-006M-KI, appears to be due to the non-attainment of 10” 
for [Hg™}[OH’}?. This is evident from the last column of Table IV. The mercuric-ion 
concentration was calculated from Sherrill’s value (Z. physikal. Chem., 1903, 48, 721), 
5:3 x 101, for K = [Hg™)][I’}*/[HgI,”] governing the ionisation of the complex ion 
HglI,”. 

TABLE IV. 
Ionic Product, [Hg**}[OH'’}?, during Addition of 0-1086N-NH,OH ¢o 100 c.c. of 
0-01M-K,HglI, and 0-006M-KI. 


NH,OH, NH,OH, 
No. c.c. mols. Puy”. Pon’. puc’*+2fon’. No. c.c. mols. pyy*. Pou’. Pug’? + 2pon’ 
1 30 033 23°34 3°65 30°69 3 100 1:09 23°38 3°44 30°27 
2 50 0°54 23°32 3°59 30°57 4 20°00 2°17 23°16 3°29 29°97 


In order to increase the ionic product, [Hg**][OH’]?, it is necessary to increase the 
hydroxyl-ion concentration, which may be done by the addition of sodium hydroxide. 
Although this alkali alone does not cause precipitation from potassium mercuri-iodide 
solutions, it does so in the presence of ammonia, on account of the diminished solubility 
of the ammoniated mercuric iodide. Thus it has been calculated that, on the addition 
of 10 c.c. of 0-1046N-sodium hydroxide to solutions 2 and 4 (Table IV), the product 
[Hg**][OH’}? had reached 10-?* and 10-°*? respectively. 

It might be considered that another way to increase the value of the product, 
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[Hg"*][OH’}, would be to avoid any excess of potassium iodide in the complex-ion solution 
and so enable the ion HglI,” to yield its maximum concentration of mercuric ions. This 
actually is done in the preparation of Nessler’s solution, which is approximately 
0-09M-K,HgI, and 2-5N-KOH and is, moreover, saturated with respect to mercuric 
iodide. It happens, however, that the mercuric-ion concentration is also determined by 

= [Hg"][I’]# and by eliminating [I’] from this expression and from K = 
(Hg™)[1’]*/[Hgl,’"] we get [Hg] = L?/K[HgI,"]. According to Bourgoin (Bull. Soc. chim., 
1884, 42, 620; Ann. Chim. Phys., 1884, 3, 429), Rohland (Z. anorg. Chem., 1898, 18, 328), 
and Morse (Z. physikal. Chem., 1902, 41, 731), the solubility of mercuric iodide in water 
at 17-5° is approximately 0-000088M. For HgI,==Hg"+ 2I’, Morse finds 
(Hg”)[I’?/[HgI,] = 10°, whence we find the solubility product [Hg™][I’]? = 
88 x 10% x 10°°5 = 8-8 x 10°. Hence, the mercuric-ion concentration of Nessler’s 
solution, [HgI,’’] being 0-09, is equal to 10°°®7, As the fog, of the solution is almost 0, 
the product [Hg™][OH’}? is approximately 10-?’, and therefore the solution is on the verge 
of precipitating mercuric oxide. Owing to the diminished solubility of the ammoniated 
mercuric iodide, ammonia will thus be able to cause precipitation. 

The presence of iodide ions in a mercuri-iodide solution has an appreciable effect in 
depressing the mercuric-ion concentration and this, in turn, affects the behaviour of 
ammonia towards strongly alkaline solutions. It is possible by this means to reduce 
the mercuric-ion concentration so that ammonia has no visible effect. Thus a solution 
comprising 10 c.c. of 0-1M-mercuric chloride and 8 c.c. of 2N-potassium iodide, made up 
to 25 c.c., and 20 c.c. of 3N-sodium hydroxide did not begin to undergo precipitation until 
20 c.c. of 3N-ammonia had been added. Calculation shows that [Hg”] then was 10-86 
and [OH’] ca. 10°, whence [Hg"][OH’]? = 10°°°6, The fact that precipitation was 
incipient shows that it depends on the attainment of an ionic product of similar magnitude 
to that necessary for the separation of ammoniated chloride and bromide precipitates. 

Regarding the composition of the various precipitates, as a rule, the mercuric salt 
and the ammonia were present in equivalent amounts, suggesting, as in the case of the 
ammoniated basic chloride, that the constitution of the precipitate might be expressed 
as xHgO,(1—x)[HgCl,,2NH,]. This is in accord with the titrations of the nitrate, perchlor- 
ate, and sulphate, in which exactly 2 mols. of ammonia were necessary for complete 
precipitation. On subjecting the precipitates to an excess of ammonia, a little further 
absorption of ammonia by the nitrate precipitate occurred, which might have been due 
to a little ammoniation of the mercuric oxide in the precipitate. It does not take place 
readily, however. Thus in order to form Millon’s base, 2HgO,NH;,H,O, Hofmann and 
Marburg (Annalen, 1899, 305, 191) digested mercuric oxide with aqueous ammonia for 
12 hours. 

To reduce the mercuric oxide contents of the precipitates, it is necessary to carry out 
the precipitation with ammonia from mercuric salt solutions containing much of the same 
ammonium salt. Mercuric oxide possesses an appreciable solubility in solutions of the 
various ammonium salts. It dissolves in ammonium bromide with the liberation of free 
ammonia, which can be titrated with nitric acid to methyl orange. In contrast with 
this, it dissolves very readily in ammonium sulphate and nitrate solutions, but very little 
of the resulting ammonia is titratable. It is probable that complex salts are formed 
probably of the type Hg(NHg),SO, in which the ammonia is bound. The ease with which 
ammonia is liberated from the bromide solutions might possibly account for the fact that 
the ammoniated mercuric bromide precipitate usually obtained [see also Gaudechon 
(Compt. rend., 1909, 148, 1763; 1910, 150, 467), whose precipitate contained 
({8Bro-67(OH)1-39(NH3)o-aa] contains less ammonia than is represented by the general 
ormula. 


The authors thank the Government Grants Committee of the Royal Society for a grant, 
and also the Senate of this College for the Mardon Research Fellowship (B. M. W.). 


UNIVERSITY COLLEGE, EXETER. (Received, June 21st, 1933.] 











1050 Britton and Wilson: Electrometric Studies of the 


249. Llectrometric Studies of the Precipitation of Hydroxides. Part 
XI. The Constitution of Ammoniacal Solutions of (a) Silver 
Nitrate, (b) Silver Oxide. 


By H. T. S. Britton and BEATRICE M. WILson. 


THE present paper is a continuation of the earlier work of Britton (J., 1925, 127, 2956), 
in which an attempt was made to follow by means of oxygen electrodes, the variations 
in py caused during precipitation and complex-ion formation when ammonia is added to 
solutions of silver nitrate. By using the more accurate glass electrode, it is now shown that 
not only does the complex kation Ag(NH,)," exist in ammoniacal silver nitrate solutions, 
but that the salt Ag(NH,),NO, is formed, which is not materially decomposed by an excess 
of free ammonia. Such a salt should therefore be that of a base Ag(NH;),0OH, which is 
appreciably stronger than ammonium hydroxide. Glass-electrode titrations of ammoniacal 
solutions of silver oxide prove conclusively that such a base is formed, and moreover, that 
it is considerably stronger than ammonia. Other evidence has been obtained from solu- 
bility and conductivity determinations, and measurements of the potentials of silver 
electrodes immersed in the complex solutions. 


EXPERIMENTAL. 


In the previous paper it was shown that the addition of ammonia to silver nitrate solution 
in equivalent proportions caused maximum precipitation of silver oxide, which, however, was 
only 7:°3%. As it was not then realised that the particular concentrations used had any effect 
on the extent of precipitation, the estimations were performed on more concentrated solutions 
than those used in the oxygen-electrode titrations. From solutions of the concentrations, 
0-02N-silver nitrate and 0-10N-ammonia, the precipitation at any stage never becomes more 
than a faint cloudiness, which could not be estimated with accuracy. Table I gives the per- 
centage amounts of silver oxide precipitated by using (a) 0-1N- and (b) N-solutions of each 
reagent. The estimations were made by filtering off silver oxide and precipitating the silver 
as chloride from the mother-liquors. 


TABLE I. 
Mols. NH,OH ° Or a4 7 ° Or a4 Ay a4 
Mols. AgNO, 0°10 0°25 0°50 0°75 1:00 1°25 1°50 1°75 
% Ag pptd. (a) 5°35 5°99 7°68 8°72 8°83 8°68 8°16 6°41 3°37 
% Ag pptd. (6) — — 7°81 — 9°68 — 7:95 — — 


The ~, during the progressive addition of sodium and ammonium hydroxides to silver 
nitrate solutions has been measured by means of glass electrodes, a condenser and ballistic 
galvanometer being used. Curves I and II in Fig. 1 give the changes during the titration of 
100 c.c. of (I) 0-02N- and (II) 0-1N-silver nitrate with 0-1N-sodium hydroxide at 18°, and by 
calculating the silver-ion concentration at different stages on the basis of « derived from Kohl- 
rausch and Steinwehr’s conductivity data (Sitzungsber. Berlin Akad., 1902, 581) and the hydroxyl- 
ion concentration from the observed py values, it has been found that the two curves correspond to 
the values 1:29 x 10° and 1-20 x 10° respectively, for the solubility product [Ag*][OH’] 
(cf. Britton and Robinson, Trans. Faraday Soc., 1932, 28, 539). The remaining curves in Fig. 1 
refer to glass electro-titrations of 100 c.c. of silver nitrate (curve III, 0-02N-; curve IV, 0-1N-; 
curve V, 0-1N-silver nitrate + 0-0109M-ammonium nitrate) with 0-1N-ammonia. The upper- 
most curve shows the variation in specific conductivity after the attainment of equilibrium at 
25° of a series of solutions, 0-05M with respect to silver nitrate, and containing different amounts 
of ammonia corresponding to various stages of the reaction. The bottom curve corresponds 
to a similar set of solutions and gives the variations in silver-ion concentration, measured by 
means of the combination 


Ag | 0-05N-AgNO, + *M-NH,OH | Satd. KNO,| N-Hg,Cl, 
(see also Table IT) 


In general, the py values set up directly the ammonia was added showed but very little differ- 
ence, if any, from those that had been measured after the reaction mixtures had been agitated 
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for several days. Curve III shows that higher pq values than in the corresponding sodium 
hydroxide reaction (Curve I) were set up, whereas with the more concentrated solutions repre- 
sented by IV and II no such difference in py was observed. Both III and IV indicate that 
after 1 mol. of ammonia had reacted with 1 mol. of silver nitrate there was a slightly more rapid 
increase in pg until 2 mols. had been added, whereupon fairly definite increases occurred. These 
corresponded to the dissolution of the little silver oxide that had been precipitated, and also 
to the formation of the complex salt, Ag(NH,),NOz, in solution. The solution used to give 
Curve V had included in it just sufficient ammonium nitrate to prevent any precipitation of 
silver oxide occurring, and it will be seen that this is reflected in the lower pg values prevailing 
during the addition of 2 mols. of ammonia. The inflexion at 2 mols., however, reveals that the 
same complex salt had been formed. The fg values established in each of these titrations after 
the addition of 2 mols. of ammonia were due almost entirely to the added ammonia, for calcu- 
lations always showed that less than 6% of the ammonium nitrate which would have been 
produced if simple metathesis had resulted from the interaction of ammonia with silver nitrate 
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was actually formed. This will be seen from Table II, in which are recorded the specific con- 
ductivity, pox, and p,, of a series of solutions, 0-05N-silver nitrate and +M-ammonia, in 
which equilibrium had been attained. 

TABLE II. 
008 0:10 
16 2°0 
5°58 5°58 
5°65 4°43 


8 20 
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The ratios [NH,NO,]/[NH,OH] were calculated from the usual mass-law expression and 
Prygion = 4°70. In arriving at the percentage amounts of ammonium nitrate, it was considered 
that the total reaction came to an end with 2 mols. of ammonia and that therefore all the 
additional ammonia existed in solution as such. 
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The E.M.F. data with the silver electrode were obtained at 15°, and the normal electrode 
potential (H = 0) of the electrode used was 0-799 volt. As the mother-liquors during the 
reaction with the first 2 mols. of ammonia had reached equilibrium with precipitated silver 
oxide, it appeared that one factor governing the hydroxyl-ion concentration was the solubility 
product [Ag*][OH’]. From the average value, 1:24 x 10°, given above, and the different p, 
values, the ,, values were calculated. These are given in the lower part of Table II, and are 
in fair agreement with those actually measured. On comparing the [Ag] curve in Fig. 1 with 
the titration curve in Fig. 1 in the previous paper, it will be observed that, by allowing time for 
the attainment of equilibrium, as shown by the present curve, there results a better defined 
inflexion with 2 mols. of ammonia. Moreover, an almost identical curve was obtained when 
sufficient ammonium nitrate was included in the solution to prevent precipitation (cf. Glasstone, 
J., 1932, 2849). 

The figures for px in Table II are those of the “ instability constant,” K = [Ag*)[NH,]?/ 
[Ag(NH,),"], for the dissociation of the kation, Ag(NH;),"._ The average px value, 7-13, though 
of the same order, is somewhat greater than the value previously obtained, possibly on account 
of equilibrium being obtained. A similar value, viz., Pg 7:18, was obtained with solutions in 
which the ammonium nitrate had been included. Moreover, the Poy values corresponding to 
the addition of an excess of ammonia to a 0-1N-silver nitrate + 0-0109N-ammonium nitrate 
solution revealed that very little ammonium nitrate had been formed as the result of the reaction. 
Thus on addition of 2-6 mols. of ammonia the fog was 4:05, and therefore [NH,NO,] /[NH,OH] = 
0-22, the total ammonium nitrate = 0-134 mol. (i.e., per mol. of silver nitrate), whence it follows 
that 0-025 mol. of ammonium nitrate had been formed in the reaction. 

The conductivity data in Table II, plotted in Fig. 1, show that a small but gradual diminution 
in specific conductivity resulted from the reaction with the first 2 mols. of ammonia, after which 
further ammonia caused a slight increase. As these conductivities refer to solutions, the silver 
content of which was kept at 0-05M, and if Ag(NH;),NO, is formed by the addition of 2 mols. 
of ammonia, it follows that this increase should be caused by the added ammonia. 

The specific conductivity caused by the excess ammonia was computed from the fog values, 
these giving the concentration of hydroxy] ion-and therefore of ammonium ion originating from 
the dissociation of the ammonium hydroxide; A, at 25° of ammonium hydroxide was taken as 


270. Col. 4 of Table III gives the specific conductivity due to the Ag(NH;),NO, alone, whilst 
col. 5 gives the equivalent conductivity at the existing dilution, viz., 20, and col. 6 Ag, it being 
assumed that the ionisation of the complex salt in 0-05.M-solution is the same as that of 0-05M- 
silver nitrate, viz., 86%. The last col. gives the ionic mobility of the Ag(NH;)," kation, the 
ionic mobility of the nitrate ion at 25° being 70-5 (International Critical Tables, 1929, Vol. 6, 


p. 230). 


TABLE III. 
x X 103, mhos. 


NH,OH, ~. A of 0:05M- Ay of Ay of 
mols. NH,OH. Ag(NH,),NO;. Ag(NH;),NO;. Ag(NH3),NO3. Ag(NHs)>. 

2-2 0°03 ° 112°4 130°8 60°3 
. 0°05 , 112-0 130°2 59°7 
0:07 114°0 132°5 62-0 
0°09 113°8 132-2 61°7 
0-11 114°6 133-2 62°7 
0°13 115-0 133-9 63°4 
0°18 116°0 134°9 64°4 


The specific conductivity obtained for the 0-05M-Ag(NH3),NO, exhibits a distinct tendency 
to increase with the addition of ammonia. This may be due to enhanced stability of the complex 
kation. The values of the ionic mobility, average 62-0, show that it is a little smaller than that 
of the silver ion, viz., 62-4. 

To ascertain whether the complex base, Ag(NH,),OH, actually exists in solution, freshly 
precipitated silver oxide was dissolved in aqueous ammonia and titrated in the presence of the 
glass electrode with nitric acid. Fig. 2 gives a typical titration curve. It refers to the titration 
of 100 c.c. of a solution, 0-04757N with respect to ammonia and 0-01174N with respect to silver 
oxide, with 0-0952N-nitric acid at 14°. If the base, Ag(NH,),OH, were formed, then the solution 
would be 0-01174N with respect to it, and 0-04757N — 2(0-01174)N = 0-02409N with respect 
to free ammonia. Hence, if the base, Ag(NH,),OH, were appreciably stronger than ammonia, 
its neutralisation should be complete with 12-34 c.c. of 0-0952N-nitric acid, after which the 
ammonia should come into play and end with (25-38 + 12-34) = 37-72c.c. of nitric acid. Fig. 2 





aa 
an # 


AAAS Ae Oy 
wie oie oa EN | 
OOO -1¢ 


aca cio 
. <=. = 





The Direct Dibromination of m-Bromophenol, etc. 1053 


shows that this is the case, and both end-points are marked by the appearance of definite 
jnflexions. The final branch of the curve corresponds to the reaction with the 2 mols. of ammonia 
contained in the complex salt, thus: Ag(NH;),NO, + 2HNO,——-> AgNO, + 2NH,NOQOs3. 

The py values prevailing during the neutralisation of the Ag(NH;),OH reveal that it ionises 
to an extent similar to that of sodium hydroxide, and those during the third stage of the 
titration are similar to those indicated in Fig. 1, corresponding to the production of the complex 
salt. 

DISCUSSION. 


Although the py values of ammoniacal solutions of silver nitrate indicate that relatively 
small amounts of ammonium ion are present, they show that the silver exists almost entirely 
in the form of the complex salt, Ag(NH;),.NO;. This is in accord with the fact that 
Ag(NH,).OH is a strong base, as is definitely proved in Fig. 2. That such a base probably 
existed in ammoniacal solutions of silver oxide became apparent from the conductivity 
measurements of Euler (Ber., 1903, 36, 1854), Bonsdorff (ibid., p. 2322), and Whitney and 
Melcher (J. Amer. Chem. Soc., 1903, 25, 69). Whilst Bonsdorff’s data are vitiated mainly 
by the comparatively large proportions of ammonia in his solutions, those of Euler at 18° 
and of Whitney and Melcher at 24° point to the existence in the solutions of a complex 
having an exceptionally large equivalent conductivity. Thus, the latter workers investi- 
gated solutions at dilutions ranging from 3-35 to 53-5 litres containing 3-35 mols. of ammonia 
and 1 mol. of silver hydroxide, 7.e., Ag(NH;),0H + 1-35NH,OH. Assuming the con- 
ductivity due to the excess of ammonia to be negligible in the presence of the strong complex 
base, they obtained equivalent conductivities varying from 194-8 to 205-8 mhos. The 
foregoing glass electro-titrations thus afford decisive proof of Whitney and Melcher’s view, 
and, like their data, reveal that the strength of the base is of the same order as that of 
sodium hydroxide. The similarity of the ionic mobility, 62-0, of the Ag(NHg)," ion, given 
in Table III, to that of the silver ion, 62-4, also explains why only small changes in specific 
conductivity occurred when ammonium hydroxide was added to silver nitrate solution. 
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250. The Direct Dibromination of m-Bromophenol and an Example 
of Group Migration. 


By HERBERT H. HopGson, JOHN WALKER, and (in part) J. NIXON. 


Koun and STRASSMANN (Monaish., 1925, 45, 597) described but did not orientate the 
tribromophenol obtained by bromination of m-bromophenol, and Hodgson and Nixon 
(J., 1929, 2424) subsequently designated the product as 2 : 4 : 5 (or3 : 4 : 6)-tribromophenol. 
The attention of the senior author having been drawn by the Editor of Beilstein to apparent 
anomalies in this field, he decided to re-examine the bromination problem. For this purpose 
the following substances have been prepared without ambiguity: 2:3:4- and 2:4:5 
(or 3: 4: 6)-tribromo-phenol and -anisole, 2 : 3 : 4-tribromo-6-nitro-phenol and -anisole, 
and 2-nitro-3 : 4 : 6-tribromo-phenol and -anisole. 

The attempted dibromination of m-bromophenol in glacial acetic acid solution (Kohn 
and Strassmann, Joc. cit.) is found to give a mixture from which 2: 3: 4 : 6-tetrabromo- 
phenol and both the isomeric 2:3: 4- and 2:4: 5-tribromophenols have been isolated. 
When the reaction is carried out in carbon tetrachloride, however, 3 : 4-dibromophenol is 
formed immediately, indicating ready bromination in the 4-position, but prolonged keeping 
is required for further bromination, whereupon 2: 4: 5-tribromophenol predominates. 
From theoretical considerations it seems probable that the 2 : 3 : 4- should be less readily 
tetrabrominated than the 2: 4: 5-isomeride; hence the third bromine atom would enter 
the 6-position in 3: 4-dibromophenol more rapidly than the 2-position, with subsequent 
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further bromination to 2: 3:4: 6-tetrabromophenol. This would account for the large 
amount of the latter product, and the predominance of 2:3: 4- over 2: 4: 5-tribromo- 
phenol in the reaction product. 

When 3-bromo-2-nitrophenol is treated with bromine in glacial acetic acid solution, 
group migration occurs, since 2 : 3 : 4-tribromo-6-nitrophenol results, although when the 
reaction is carried out by alkaline hypobromite, or in alcoholic solution, normal substitution 
ensues and 3: 4 : 6-tribromo-2-nitrophenol is obtained. 

The results of Kohn and his collaborators are therefore interpreted as follows: The 
product of m. p. 78° (Kohn and Strassmann, Joc. cit.) is a mixture, and its methyl ether 
of m. p. 67° is similarly a mixture, since 2:3:4- and 2:4: 5-tribromoanisoles have 
m. p.’s 106° and 105° respectively. The bromonitroanisole of m. p. 105° (109°) (Kohn 
and Sussmann, Monatsh., 1926, 46, 580) is 2 : 3 : 4-tribromo-6-nitroanisole. The product 
of m. p. 70° obtained by Kohn and Pfeiffer (Monatsh., 1927, 48, 222) is 3 : 4 : 6-tribromo- 
2-nitroanisole (m. p. 72°) which on demethylation by hydrobromic acid gives 3: 4: 6- 
tribromo-2-nitrophenol of m. p. 127° and not 122° as stated by them; the latter m. p. 
might have indicated a transformation into the 2:3: 4-tribromo-6-nitrophenol (m. p. 
123°), but this does not occur. 

EXPERIMENTAL. 


(Throughout, the designation 2: 4: 5- is used instead of 3: 4: 6-tribromophenol.) 

Bromination of m-Bromophenol.—(1) In glacial acetic acid solution. The phenol (5-2 g.), 
dissolved in acetic acid (25 c.c.), was treated gradually (stirring) with bromine (9-6 g.) in the 
same solvent (20 c.c.), the mixture diluted with water, and the precipitated bromophenols 
filtered off. Three separative processes were used: (a) The solid was recrystallised 5 times 
from light petroleum, pure 2:3: 4: 6-tetrabromophenol being obtained, m. p. and mixed 
m. p. with authentic specimen 113° (Found: Br, 77-8. Calc.: Br, 78-0%). (6) The solid 
was steam-distilled, and the more volatile portion (about half the crude precipitate) twice 
crystallised from ethylene dichloride—light petroleum, affording colourless needles of 2: 4: 5- 
tribromophenol, m. p. and mixed m. p. with authentic specimen, 87° (Found: Br, 72-4. Calc. : 
Br, 72-5%); the substance remaining in the flask was 2: 3:4: 6-tetrabromophenol. (c) The 
mixed bromophenols were crystallised from 90% formic acid; the bulk of the tetrabromophenol 
first separated, after which water was added to the mother-liquor, and the resulting precipitate 
fractionally steam-distilled; the more volatile fraction was recrystallised 5 times from 90% 
formic acid and finally obtained in colourless prisms, m. p. and mixed m. p. with authentic 
2:3: 4-tribromophenol, 95° (Found : Br, 72-6. C,H,OBr, requires Br, 72-5%); on methylation 
with diazomethane, 2 : 3 : 4-tribromoanisole was obtained, m. p. and mixed m. p. with authentic 
specimen, 106° (Found: Br, 69-4. C,H,OBr, requires Br, 69-6%). 

(2) In carbon tetrachloride solution. The phenol (2-6 g.), dissolved in carbon tetrachloride 
(25 c.c.), was treated with bromine (2-4 g.; 1 mol.); 3: 4-dibromophenol soon crystallised out 
in colourless prisms, m. p. 80° (Found: Br, 63-4. Calc.: Br, 635%). With two mols. of 
bromine (4-8 g.), the further bromination was very slow; after 24 hours at room temperature, 
the mixture was extracted with sodium hydroxide solution, the alkaline extract. acidified 
(hydrochloric acid), and the precipitate recrystallised 5 times from 90% formic acid; m. p. and 
mixed m. p. with authentic 2: 4: 5-tribromophenol, 86—87°; no tetrabrominated product 
was isolated under these conditions. 

(3) Im nitrobenzene solution. The second bromine atom entered more rapidly than in (2), 
but otherwise the results were identical. Methylation of the product of m. p. 86—87° by 
diazomethane gave 2 : 4 : 5-tribromoanisole, which crystallised from 90% formic acid in colourless 
needles, m. p. and mixed m. p. with authentic_specimen, 105° (Found: Br, 69-5. C,;H,OBr; 
requires Br, 69-6%). 

Bromination of m-bromoanisole did not proceed without a catalyst, but in presence of 
iodine it gave a mixture of tetra- and penta-bromoanisoles. 

Preparation of 2: 4: 5-Tribromophenol.—2 : 5-Dibromophenol (2-5 g.), dissolved in acetic 
acid (20 c.c.) was gradually treated with bromine (1-6 g.) in acetic acid (10 c.c.); after 30 mins. 
at room temperature, water was added, and the mixture steam distilled; 2: 4: 5-tribromophenol 
passed over, and crystallised from ethylene dichloride—light petroleum in colourless needles, 
m. p. 87° (Henley and Turner, J., 1930, 928, give m. p. 85—86°) (Found: Br, 72-5. Calc.: 
Br, 72-5%). Methylation with diazomethane gave 2: 4: 5-tribromoanisole; colourless needles, 
m. p. 105°. 
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Nitration of 2: 5-Dibromophenol.—Concentrated sulphuric acid (5 g.) was stirred into a 
solution of sodium nitrate (4 g.) in water (10 c.c.), and the mixture added gradually below 25° 
to a solution of 2 : 5-dibromophenol (4 g.) in ethylene dichloride (80 c.c.). A trace of sodium 
nitrite was necessary to initiate the nitration, and after 1 hour’s stirring the lower layer was 
washed with water and steam-distilled. The volatile 3 : 6-dibromo-2-nitrophenol was dissolved 
in sodium hydroxide solution and treated with excess bromine; 3: 4: 6-tribromo-2-nitrophenol 
was precipitated on acidification, and crystallised from 90% formic acid; pale yellow plates, 
m. p. 127° (Found: N, 3-9; Br, 63-6. C,H,O,;NBr, requires N, 3-7; Br, 63-8%). 

The non-steam-volatile 2 : 5-dibromo-4-nitrophenol crystallised from ethylene dichloride in 
pale yellow needles, m. p. 110° (Found: Br, 53-7. CgH;0,;NBr, requires Br, 53-9%), and was 
methylated by diazomethane in ethereal solution; the anisole was reduced by iron and hydro- 
chloric acid, the amine being extracted with benzene, and the latter solution with aqueous 
hydrobromic acid; Sandmeyer treatment gave 2: 4: 5-tribromoanisole, which was removed 
by steam distillation, and crystallised from 90% formic acid; colourless needles, m. p. 105° 
(Kohn and Pfeiffer, Joc. cit., give m. p. 105°) (Found: Br, 69-5%). 

Preparation of 2: 3: 4-Tribromo-6-nitrophenol.—(a) From 5-bromo-2-nitrophenol. The initial 
material (2 g.; Hodgson and Moore, J., 1926, 157) was dissolved in 10% sodium hydroxide 
solution (20 c.c.), treated with a solution of bromine (3-2 g.) in the same reagent (25 c.c.), 
and the mixture heated for $ hour at 50°, and cooled. 2:3: 4-Tribromo-6-nitrophenol was 
precipitated by hydrochloric acid and crystallised from methyl alcohol; yellow prisms, m. p. 
123° (Found: Br, 63-7. Calc.: Br, 63-8%). The same product was obtained by direct 
bromination in ethyl alcohol. 

(b) From 2: 3-dibromophenol. The phenol (2 g.) was dissolved in acetic acid (14 c.c.), 
and nitrated at 0° by gradual addition of nitric acid (0-5 c.c.; d 1-5) in acetic acid (5 c.c.); 
the mixture was stirred for 2 hours, diluted and steam-distilled; the volatile 2 : 3-dibromo-6- 
nitrophenol {which crystallised from alcohol in yellow needles, m. p. 105° (Found: Br, 53-7. 
C,H,O,NBr, requires Br, 53-9%)] was dissolved (0-6 g.) in alcohol (10 c.c.) and brominated 
by addition of bromine (0-1 c.c.) in alcohol (5 c.c.), 2:3: 4-tribromo-6-nitrophenol being 
ultimately obtained; yellow prisms, m. p. and mixed m. p. with product from (a) 123° (Found : 
Br, 63-6%). 

Preparation of 2:3: 4-Tribromo-6-niiroanisole-——The above phenol, dissolved in ether, 
methyl alcohol, or benzene, was treated with excess of diazomethane in ether, the solution 
extracted with sodium hydroxide solution, to remove unchanged substance, and washed succes- 
sively with water, hydrochloric acid, and water; evaporation of the ether afforded 2:3: 4- 
tribromo-6-nitroanisole; colourless needles, m. p. 109°, from 90% formic acid (Kohn and 
Sussmann, loc. cit., give m. p. 109°) (Found: Br, 61-3. Calc.: Br, 61-5%). Demethylation 
by hydrobromic acid as below gave the original 2: 3 : 4-tribromo-6-nitrophenol (m. p. and 
mixed m. p. 123°). 

Removal of the Nitro-Group from 2: 3: 4-Tribromo-6-nitroanisole.—Iron powder (1 g.) was 
heated under reflux with hydrochloric acid (d 1-19; 3 c.c.) and water (20 c.c.) until evolution 
of hydrogen had ceased; the anisole (1 g.) was added, together with more iron powder (1 g.), 
and the mixture refluxed for 4 hours, and then extracted with benzene. The hydrochloride of 
the amine, precipitated by saturation of the filtered extract with hydrogen chloride, was filtered 
off, dried, dissolved in alcohol (20 c.c.), concentrated sulphuric acid (2 c.c.) added, and the 
mixture cooled and stirred for } hour after addition of 5 times the theoretical weight of sodium 
nitrite. The clear liquor was boiled until the diazonium salt was decomposed (2 hours; tested 
by coupling with ®-naphthol), and then steam-distilled; the 2:3: 4-tribromoanisole which 
passed over crystallised from 90% formic acid in colourless plates, m. p. 106° (Found: Br, 69-5. 
C,H,OBr, requires Br, 69-6%). Demethylation by hydrobromic acid gave authentic 2: 3: 4- 
iribromophenol, which crystallised from 90°, formic acid in colourless prisms, m. p. 95° (Found : 
Br, 72-5. CgH,OBr, requires Br, 72-5%). 

Preparation of 3 : 4 : 6-Tribromo-2-nitrophenol.—3-Bromo-2-nitrophenol (2 g.) (Hodgson and 
Moore, loc. cit.) was brominated with alkaline hypobromite as for the 6-nitro-isomeride (above). 
The sparingly soluble sodium salt of the 3: 4: 6-tribromo-2-nitrophenol separated, and was 
filtered off, converted into the phenol by treatment with hydrochloric acid, and then crystallised 
from 90% formic acid; pale yellow plates, m. p. 127° (Found : N, 4:0; Br, 63-6. C,H,O,NBr, 
requires N, 3-7; Br, 63-8%); its m. p. was depressed by 30° when it was admixed with the 
§-nitro-isomeride (m. p. 123°). Bromination of 2-nitro-3-bromophenol in alcohol below 25° 
gave the above product of m. p. and mixed m. p. 127° (Found: Br, 63-7%). 

Methylation by diazomethane (as above) gave 3:4: 6-tribromo-2-nitroanisole, which 
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crystallised from 90% formic acid in colourless prisms, m. p. 72° (Found: N, 3-8; Br, 61-5. 
Calc. for C;H,O,NBr,: N, 3-6; Br, 61-5%). 

Demethylation of 3: 4: 6-Tribromo-2-nitroanisole.—This substance (1 g.) was heated for 
3 hours under reflux with hydrobromic acid (48%; b. p. 126°), the product being dissolved 
in sodium hydroxide solution, reprecipitated by hydrochloric acid, and crystallised from 90% 
formic acid; m. p. 127°, not depressed by admixture with the 3 : 4: 6-tribromo-2-nitrophenol, 
but depressed by the 6-nitro-isomeride (Found: Br, 63-6%). 

Removal of the Nitro-group from 3: 4: 6-Tribromo-2-nitroanisole-——By the same procedure 
as for the 6-nitro-isomeride, 2: 4: 5-tribromoanisole was obtained; colourless needles from 
90% formic acid, m. p. 105° (Found: Br, 69-4%). Mixed m. p. with authentic and other 
specimens, 105°; depressed, however, to 85° by 2: 3 : 4-tribromoanisole (m. p. 106°). 

Action of Bromine on 3-Bromo-2-nitrophenol.—(a) In glacial acetic acid solution. The phenol 
(2 g.), dissolved in acetic acid (10 c.c.), was treated with a solution of bromine (3-2 g.) in acetic 
acid (10 c.c.), the mixture heated to 50°, and then kept over-night. On addition of water, 
2 : 3: 4-tribromo-6-nitrophenol was precipitated ; it crystallised from methyl alcohol in yellow 
prisms, m. p. and mixed m. p. with authentic specimen, 123° (Found : Br, 63-7%). Methylation 
by diazomethane gave 2: 3: 4-tribromo-6-nitroanisole, which crystallised from 90% formic 
acid in colourless needles, m. p. 109° (Found : Br, 61-4%); demethylation by hydrobromic acid 
as above gave 2: 3 : 4-tribromo-6-nitrophenol; m. p. 123°. 

(b) In ethyl alcohol. The above quantities, with alcohol instead of acetic acid, reacted 
below 25° to give, after 30 mins., a precipitate of 3 : 4 : 6-tribromo-2-nitrophenol on addition 
of water. This product is much more soluble in methyl alcohol than the 6-nitro-isomeride but 
crystallises from 90% formic acid in pale yellow plates, m. p. 127° (Found: Br, 63-6%). 

Action of Bromine on 3 : 4: 6-Tribromo-2-nitrophenol.—The phenol (1 g.), dissolved in acetic 
acid (10 c.c.), was treated with bromine (0-3 c.c.), and the mixture heated to 50°; a yellow 
precipitate separated, which had m. p. 220—225° but was not investigated further ; it is probably 
a bromoanil-like substance. 


The authors thank Mr. R. J. H. Dyson for valuable preparative and analytical assistance, 
and the Imperial Chemical Industries, Ltd., for their various gifts. 
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251. The Structure of some Ammines of Platinous Chloride. 
By F. W. PINKARD, H. SAENGER, and W. WARDLAwW. 


DuRING recent years chemical and physical evidence has accumulated which indicates 
quite clearly that platinum with a covalency of four may have a planar configuration. 
The isolation of three compounds [Pt(NH,)(NH,OH)py NO,],[PtCl,] by Tschernjaev 
(Ann. Inst. Platine, 1928, 6, 55) supports this idea on the chemical side, whilst the 
physical evidence from X-ray investigations of [Pt(NH,),]Cl,,H,O and Magnus’s salt 
[Pt(NH,),4][PtCl,] (J., 1932, 1912, 2527) discloses that in these complex salts the platinum 
atom and the four chlorine atoms or the four co-ordinated nitrogen atoms occupy one 
plane. Moreover, the X-ray diagram for Cleve’s salt [Pt(NH),Cl],[PtCl,] resembles so 
closely the diagram for Magnus’s salt that it seems certain that the ion [Pt(NHg),Cl]" has 
the same planar configuration as [Pt(NH,),]". The assumption, therefore, that in the 
mixed tetrammines and triammines of platinous chloride a planar structure is present, is 
not without substantial experimental support. 

To study further the ammines of platinous chloride, we prepared two mixed ériammines 
from «-[Pt py, Cl,] and «-[Pt py(NH,)Cl,], adding the additional molecule of ammonia by 
Tschugaev’s method (J., 1915, 107, 1247). We found that they were decomposed much 
more easily than the mixed tetrammines of similar type; e.g., they underwent 
decomposition with 3N-hydrochloric acid in two days, at room temperature, and gave a 
90% yield of the diammine from which they were originally prepared, no other diammine 
being produced. In both cases the last-added molecule of ammonia had been removed 
by the hydrochloric acid, and removed so easily that it appeared most unlikely that any 
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configurational change had taken place. It seems reasonable to conclude, therefore, 
that the «-diammines so produced have a planar structure. We next attempted to 
isolate the @-triammine from @-Pt py,Cl, by addition of a molecule of ammonia by 
Tschugaev’s method (loc. cit.). Here we succeeded only in obtaining solutions of the 
triammine mixed with the tetrammine [Pt(NHj),py,/Cl,. These solutions, when 
decomposed with acid of the same concentration, gave one diammine only, v7z., 
a-[Pt(NH;)py Cl,], from which it will be seen that the ammine group removed is not that 
last added but one of those present in the original diammine. We next investigated the 
mixed tetrammines of the types [PtA,A’,]Cl, and [PtAA’A”,]Cl,, where A, A’, A” are 
ammonia, pyridine, and hydroxylamine. The results obtained, on decomposing these 
tetrammines with hydrochloric acid, can be summarised as follows :— 

(a) In a tetrammine containing one hydroxylamine group, this group is always 
eliminated, and at the same time the group in the «-position to it : 


a-PtNH,(NH,OH)CI, 2’ [Pt(NH,)(NH,OH)py,|Cl, —--> «-Pt py,Cl, 


(6) A tetrammine containing two hydroxylamine groups in the «-position to one 
another loses both these groups, but the diammine so produced is sometimes accompanied 
by very small amounts of «-[Pt(NH,OH),Cl,] : 

a-Pt(NH,OH),Cl, —* [Pt(NH,OH),(NH,),JCI, bn a-Pt(NH),Cl, 

(c) A tetrammine containing two hydroxylamine groups in the £-position to one 
another gives exclusively a mixed «-diammine of the type [Pt(NH,OH)(A or A’)Cl,] : 

8-Pt(NH,).Cl, pene 6-[Pt(NH,).(NH,OH),|Cl, A... a-PtNH,(NH,OH)Cl, 

(d) A tetrammine containing three hydroxylamine groups gives a mixed «-diammine 
of the type [PtA’(NH,OH)CI,] and some «-[Pt(NH,OH),Cl,] : 


«-Pt(NH,OH)pyCl, ““°S [Pt(NH,OH),py]Cl, “> «-Pt(NH,OH)py Cl, + «-Pt(NH,OH),Cl, 


The relative weakness of the link Pt-NH,OH in (a) and (b) operates in conjunction 
with the tendency to eliminate groups from «-positions. As a result the hydroxylamine 
groups are almost completely eliminated, giving one diammine as the main product. 
The same tendency operates in (d), but not to such a marked extent. 

In (c) it is very significant that where the tendency to elimination of groups in 
a-positions is opposed by the tendency to preferential elimination of hydroxylamine, the 
former overrides the latter completely. This elimination of «-groups is a remarkable 
feature of both the triammines and the tetrammines of platinous chloride. 

Werner assumed that «- were ¢vans-positions and §- were cis-positions in the case of 
the ammines of platinous chloride. This idea explains in a consistent way the results we 
have obtained with the triammines and tetrammines. The only point that remains 
undecided is the formula for the @-Pt(NH,),Cl, and similarly constituted substances. 
The a-Pt(NH3),Cl, and similarly constituted diammines seem undoubtedly to be planar 
substances, with the ammine groups in /vans-positions. Although a cis-planar structure 
for the 8-Pt(NH,),Cl, and allied diammines explains the reactions dealt with in this paper, 
yet the structure is by no means settled. The action of ethylenediamine on the mixed 
a-diammines, «-PtAA’Cl,, where A and A’ = NHs, py, or NH,OH, and on 
«-Pt(NH,OH),Cl, has been studied. It was found that in every case complete replace- 
ment of the ammine groups of the diammines took place, the sole product being 
[Pt(en),]Cl,. This strongly supports the idea that «-diammines have a ¢rans-planar 
configuration. If they had either of the alternative configurations (cis-planar or tetra- 
hedral), the ethylenediamine could easily replace the chlorines without neces- 
sarily disturbing the ammine groups, whereas, since the ethylenediamine molecule 
is not long enough to span the ¢vans-positions, it can only react with a évans-planar 
diammine as described above. Werner’s hypothesis of ¢vans-elimination of groups from 
tetrammines and triammines of platinous chloride still lacks a theoretical basis. We 
suggested some time ago that a pairing of valencies takes place (J., 1932, 1004). This has 
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received substantial support from recent X-ray investigations carried out in these 
laboratories. 

The failure to isolate the triammine in the case of the $-Pt py,Cl, appears to us to be 
due to the following causes. The reaction between this compound and aqueous potassium 
cyanate at 80° gives a solution containing the triammine sought for, with the tetrammine 
8-[Pt(NH,),py2]Cl,. The solubilities of the triammine and tetrammine are, however, so 
similar as to frustrate attempts to separate them by fractional crystallisation. Further- 
more, the method of fractional crystallisation of the plato-salts and subsequent regener- 
ation of the triammine from its plato-salt by the precipitation of green salt of Magnus 
with the theoretical amount of [Pt(NH,),]Cl, (cf. Tschugaev, loc. cit.) fails for a noteworthy 
reason. The addition of potassium chloroplatinite to the solution containing the tri- 
ammine precipitates the buff-coloured plato-salt of the triammine. This substance rapidly 
turns pink, and this pink substance can be fractionated into [Pt(NH, )eP¥e][PtCl,] and 
[Pt py,][PtCl,] by means of hot water. It seems, then, that the triammine plato-salt 
8-[Pt py.(NH,)Cl],[PtCl,] readily undergoes an intramolecular change : 


2[Pt(NH,)PyaCla[PtCly] —> 2[Pt(NH,)epyz][PtCl,] + [Pt pya][PtCl,] 


cerise pink 


analogous to that already recorded (J., 1932, 2527) in the case of the simple triammine 
[Pt(NHg),Cl],[PtCl,] and Magnus’s salt [Pt(NH3),][PtCl,]. 

Attempts to prepare a triammine [Pt(NH;)(NH,OH)py CIJCl by the above method 
from «-[Pt(NH,OH)py Cl,] failed, the diammine undergoing decomposition. 

The action of ammonia on a-Pt(NH,OH),Cl, was carefully studied in view of the con- 
flicting statements made by Alexander (Anmnalen, 1893, 246, 239) and by Tschugaev and 
Tschernjaev (J., 1918, 113, 891). We find that a small quantity of ammonia (d 0-880) 
gives with «-~-Pt(NH,OH),Cl, in the cold the tetrammine [Pt(NH,OH).(NH3).|(OH). With 
dilute ammonia, a yellow-brown precipitate of varying composition is obtained, which 
appears to contain some of the tetrammine [Pt(NH,OH),(NH,),|Cl,. We have been 
unable to obtain the compound Pt(NH,OH)CI(OH) reported by Tschugaev and 
Tschernjaev (loc. cit.). 

EXPERIMENTAL. 


Diammines.—The «- and $-forms of PtCl,(NH;)., PtCl, py., and «-[PtCl,(NH,)py] were pre- 
pared as previously described (J., 1932, 999, 1013) ; «-PtCl,(NH,OH), and «-PtCl,(NH,)(NH,OH) 
as in J., 1918, 113, 884. 

a-Hydroxylaminopyridinoplatinous chloride was isolated by decomposing, with 3N-hydro- 
chloric acid (2 c.c.) at 80°, the colourless solution produced by warming at 90° 8-PtCl,py2 
(0-35 g.), hydroxylamine hydrochloride (0-30 g.), water (5 c.c.), and 2-5N-sodium hydroxide 
(0-5 c.c.). The product was recrystallised from chloroform and dried over phosphoric oxide 
(Found: Pt, 51-8. C;H,ON,CI,Pt requires Pt, 51-6%). 

Triammines.—a-Chloroamminodipyridinoplatinous chloride. a-PtCl,py, (0-5 g.) was boiled 
with aqueous potassium cyanate (0-25 g.; 10 c.c.) for } hour, cooled, and neutralised with 
hydrochloric acid. The filtrate contained «-[Pt(NH,),py,]Cl,. The residue, dried at 60° and 
treated with chloroform to remove unchanged diammine, was recrystallised twice from hot 
water. The white needles obtained were dried over phosphoric anhydride in a vacuum, and 
proved to be the desired salt (Found: Pt, 44-1, 44:2. Cj, 9H,,N,;Cl,Pt requires Pt, 44:2%)- 
The triammine gave with potassium chloroplatinite a chamois plato-salt which was recryst- 
allised from hot water (Found: Pt, 51-1, 50-8. C.9H,,N,Cl,Pt, requires 510%). The aqueous 
solution of this salt gave with the theoretical quantity of [Pt(NH,),]Cl,, a precipitate of green 
[Pt(NH,),][PtCl,], and the triammine was recovered from the filtrate. When the triammine 
was warmed with 3N-hydrochloric acid, it gave «-PtCl,py, only (Found: Pt, 45-8. Calc. : 
Pt, 46-0%). 

a-Chlorodiamminopyridinoplatinous chloride. When «-PtCl,(NH,)py (0-5 g.) was boiled with 
aqueous potassium cyanate (0-3 g.; 10 c.c.), a white flocculent precipitate separated from the 
colourless solution on cooling. This proved to be the carbonate of the «-chlorodiammino- 
pyridino-complex, which, on recrystallisation from hot water, gave fine white needles [Found : 
Pt, 52:3. (C,H,,N,CIPt),CO, requires Pt, 52-2%]; warmed with 3N-hydrochloric acid, it 
decomposed immediately to the original salt, with evolution of carbon dioxide. With aqueous 
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potassium chloroplatinite, acidulated with hydrochloric acid, it gave the plato-salt of the 
triammine (Found: Pt, 56-9. C, 9H,.N,Cl,Pt, requires Pt, 57-2%), from which the triammine 
was obtained as before by treatment with the theoretical quantity of aqueous [Pt(NH,),]Cl,. 

The filtrate from the above carbonate was carefully neutralised with 3N-hydrochloric acid, 
and the diammine which separated removed. On concentrating the filtrate over solid potassium 
hydroxide in a vacuum the triammino-chloride separated, and was recrystallised from hot 
water (Found: Pt, 51-2. C;H,,N;Cl,Pt requires Pt, 51-5%). With aqueous potassium 
chloroplatinite, the chamois Pi/ato-salt, soluble in hot water, was obtained (Found: Pt, 56-9. 
CipHogN,Cl,Pt, requires Pt, 57-2%). With 3N-hydrochloric acid, the triammine readily 
decomposed, even in the cold, giving a 92% yield of the characteristic crystals of «-PtCl,(NH;)py 
(Found: Pt, 54:0. Calc.: Pt, 53:9%). The small amount of the oxidised product, 
[PtCl,(NH;)py],, produced in the decomposition was removed by recrystallisation from water 
before the yield was weighed. 

8-Chloroamminodipyridinoplatinous chloroplatinite. ®-PtCl,py, (0-5 g.) was warmed with 
aqueous potassium cyanate (0-25 g.; 10 c.c.) at 80° till a clear solution was obtained; this 
was cooled, neutralised with hydrochloric acid, and the precipitated diammine removed. 
Addition of potassium chloroplatinite solution to the filtrate gave a buff precipitate, which 
rapidly turned pink. Attempts were made to isolate the buff substance by rapid filtration, but 
some change always took place; the best samples were dried over phosphoric oxide {Found : 
Pt, 51-4, 51-7. [PtCl(NH,)py,].[PtCl,] requires Pt, 51:0%. [Pt(NH;).py.][PtCl,] requires 
Pt, 539%}. Crystallisation of the buff plato-salt from hot water gave a less soluble, cerise 
plato-salt {Found: Pt, 53-5. Calc. for [Pt(NH3),py.][PtCl,]: Pt, 53-9%} anda more soluble, pink 
plato-salt {Found : Pt, 47-3. Calc. for [Pt py,][PtCl,] : Pt, 46-0%}. Solutions of the triammine, 
prepared as above, on being warmed with 3N-hydrochloric acid, gave «-PtCl,(NH;)py (Found : 
Pt, 54-0. Calc.: Pt, 53-99%), together with a small amount of oxidised product [PtCl,(NH;)py],. 

When 6-PtCl,py, (0-5 g.) was boiled with aqueous potassium cyanate (0-25 g.; 10 c.c.), the 
clear solution obtained gave a white solid on cooling. Recrystallisation from aqueous alcohol 
(80%) gave white needles (Found: Pt, 44-2, 44-1; N, 12-7, 12-8%), insoluble in water and 
yielding no plato-salt with potassium chloroplatinite. Only after prolonged boiling with silver 
nitrate is silver chloride obtained. Cold 3N-hydrochloric acid immediately decomposes the 
substance, giving a solution of B-[Pt(NH;).py.]Cl,, identified (a) by its cerise plato-salt (Found : 
Pt, 53-9. Calc.: Pt, 53-9%) and (b) by its decomposition with hydrochloric acid, only 
PtCl,(NH,)py being obtained. 

Attempts to prepare triammines by the addition of 1 mol. of ammonia (Tschugaev’s method) 
to «-PtCl,(NH,)(NH,OH), «-PtCl,(NH,OH),., or «-PtCl,(NH,OH)py were unsuccessful. In all 
cases decomposition to a brown solid occurred. 

Tetrammines.—a-Hydroxylaminoamminodipyridinoplatinous chloride was obtained as a white 
solid when a solution of «-PtCl,(NH;)(NH,OH) in aqueous pyridine was concentrated. The 
product was recrystallised from water and dried over phosphoric oxide (Found: Pt, 41-2. 
CigH,,ON,Cl1,Pt requires Pt, 41:2%). On warming with 3N-hydrochloric acid at 90°, 
a-PtCl,py, alone separated (Found: Pt, 45-9. Calc.: Pt, 460%). The pale salmon 
plato-salt was recrystallised from 0-5N-hydrochloric acid (Found: Pt, 52-5. CygH3,0,N ,Cl,Pt, 
requires Pt, 52-7%). 

a-Hydroxylaminotripyridinoplatinous chloroplatinite. A solution of the foregoing tetrammine 
was prepared by dissolving «-PtCl,(NH,OH)py in the calculated quantity of warm aqueous 
pyridine. Neutralisation and addition of potassium chloroplatinite gave a pale rose piaio- 
salt, which was recrystallised from 0-5N-hydrochloric acid and dried over phosphoric oxide 
(Found: Pt, 48-4. C,;H,,ON,Cl,Pt, requires Pt, 48-7%). Excess of pyridine in the original 
preparation produces [Pt py,]Cl, (Found : Pt, 33-7. Calc.: Pt, 33-5%). On being warmed with 
3N-hydrochloric acid, the solution of the tetrammine prepared as above gave only a-PtCl,py, 
(Found : Pt, 45-8. Calc.: Pt, 46-0%). ; 

a-Dihydroxylaminodipyridinoplatinous chloride. By the method of Tschugaev and Tschern- 
jaev (Joc. cit.), this tetrammine was isolated from the reaction between cold aqueous pyridine 
and «-PtCl,(NH,OH), (Found: Pt, 40-4. Calc.: Pt, 39-8%). It yielded the required plato- 
salt as microscopic, pale rose prisms (Found: Pt, 51-9. C,9H,,O,N,Cl,Pt, requires Pt, 51-6%). 
With 3N-hydrochloric acid at 50° the tetrammine yielded «-PtCl,py, (Found: Pt, 46-0. Calec.: 
Pt, 46.0%), and a small quantity of a-PtCl,(NH,OH),, recognised by its characteristic crystals. 

a-[Pt(NH,).(NH,OH),]Cl, was obtained as a white solid by the method of Tschugaev and 
Tschernjaev (loc. cit.), and gave with hydrochloric acid, as described by these authors, 


a-PtCl,(NH;), (Found: Pt, 65-0. Calc. : Pt, 65-0%). 
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a-Dihydroxylaminoamminopyridinoplatinous chloride. A colourless solution of this tetr- 
ammine was prepared by dissolving a-PtCl,(NH;)py (0-5 g.) in aqueous hydroxylamine 
hydrochloride (2-6 g.; 2-9 c.c.) and sodium hydroxide solution (10%; 1-5 .c.). On acidific- 
ation with hydrochloric acid and addition of potassium chloroplatinite, a strawberry-red plaio- 
salt separated after concentration over phosphoric oxide (Found : Pt, 56-3. C;H,,O,N,Cl,Pt, 
requires Pt, 56:2%). 3N-Hydrochloric acid at 90° decomposes the tetrammine, yielding 
a-PtCl,(NH;)py (Found : Pt, 53-7. Calc.: Pt, 53-9%). 

§-Dihydroxylaminodipyridinoplatinous chloride was obtained in solution by warming 
B-PtCl,py, (0-35 g.) with solutions of hydroxylamine hydrochloride (0-3 g.; 5 c.c.) and sodium 
hydroxide (10%; 0-5 c.c.) at 80°. The deep rose plato-salt, formed as usual, was recrystal- 
lised from 0-5N-hydrochloric acid and dried over phosphoric oxide (Found: Pt, 51-3. 
C49H,,0,N,Cl,Pt, requires Pt, 51-6%). Decomposition of the tetrammine with hydrochloric 
acid gave a-PtCl,(NH,OH)py (Found: Pt, 51-8. Calc.: Pt, 51-6%). 

6-[Pt(NH,OH),(NH;),)Cl, and the plato-salt were prepared as previously described (J., 
1918, 113, 890) (Found, for chloride: Pt, 53-4. Calc. : Pt, 53-3%. Found, for chloroplatinite : 
Pt, 61-9. Calc.: Pt, 61-7%*). On being warmed with hydrochloric acid, the tetrammine 
gives a-PtCl,(NH,;)(NH,OH) (Found: Pt, 61-6. Calc. : Pt, 61-7%). 

a-[Pt(NH,OH);py]Cl, separated as a white solid on dissolving «-PtCl,(NH,OH)py (0-5 g.) 
in a solution of hydroxylamine hydrochloride (2-5 g.; 2-8 c.c.) and sodium hydroxide (10% ; 
1-4 c.c.) at 90° (Found: Pt, 43-8. Calc. for C;H,,0,;N,Cl,Pt: Pt, 43-9%); the chloroplatinite 
was lilac (Found: Pt, 55:1. C;H,,0;N,Cl,Pt, requires Pt, 55:0%). When warmed with 
N-hydrochloric acid at 80°, the tetrammine yielded «-PtCl,(NH,OH)py (Found: Pt, 51:8. 
Calc. : Pt, 51-6%) and «-PtCl,(NH,OH),, identified by its characteristic crystals. 

[Pt(en),][PtCl,],H,O (Found: Pt, 58-0, 58-6, 58-4, 58-4. Calc.: Pt, 58-2%) was formed 
by the addition of potassium chloroplatinite to the acidified solution produced by the action 
of aqueous ethylenediamine on «-PtCl,(NH;)py, «-PtCl,(NH;)(NH,OH), «-PtCl,(NH,OH)py, 
or PtCl,(NH,OH),. No other plato-salt was isolated. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, June 9th, 1933.] 





252. Some Substitution Reactions of 4-Aminodiphenylmethane. 
By WILLIAM A. WATERS. 


A vERY close analogy may be traced between the substitution reactions of the diphenyl 
and the diphenylmethane series (cf., inter alia, Scarborough and Waters, J., 1926, 557; 
1927, 1133; Bell; Turner). For instance, in each type of compound, initial substitution 
of a phenyl group occurs in the o- or -position to the linking bond, no matter what substitu- 
ent group may be present in the otherring. Further, a group such as amino- or acetamido-, 
which greatly activates particular positions within one ring, has no more than a slight 
general activating influence upon the other. This influence is even less pronounced in 
the case of diphenylmethane than in that of diphenyl, probably on account of the additional 
difficulty of polar induction through the saturated methylene group, although the analogy 
between the two cases has been successfully demonstrated both in bromination and in 
nitration reactions, with each of which substitution can be effected in both rings. For 
example, the ultimate product of bromination of 4-acetamidodiphenylmethane in cold 
glacial acetic acid solution is 3 : 5 : 4’-tribromo-4-acetamidodiphenylmethane (1), and the prin- 
cipal product of nitration of the same substance in cold glacial acetic and concentrated 
sulphuric acids is 3: 4’-dinitro-4-acetamidodiphenylmethane (II). Similarly, each of the 


Br 
Br< CH, _>-NHAc NO,-< CH, >-NHAc 
(L.) Br (II.) NO, 


three isomeric mononitrodiphenylmethanes gives, on further nitration, the 4’-disubstituted 
product, the earlier work on this subject (Staedel, Annalen, 1878, 194, 307; 1894, 283, 
149) being confirmed. 


* This was wrongly given as 60°22% (oc. cit., p. 891). 
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Monosubstitution of 4-acetamidodiphenylmethane has proved difficult. No evidence 
has been obtained to suggest that such reaction ever commences in the ring not containing 
the acetamido-group, as can happen in the diphenyl series. In cold glacial acetic acid 
solution, 4-acetamidodiphenylmethane is brominated quantitatively to 3-bromo-4- 
acelamidodiphenylmethane, m. p. 91°, but at a higher temperature the same compound 
can be isolated only in much poorer yields from viscous mixtures. In one bromination, 
carried out at 100°, but not successfully repeated, there was isolated an isomeric mono- 
bromo-compound of m. p. 194°, which would appear to be the 2-bromo-4-acetamidodiphenyl- 
methane. It has been shown that one of the factors interfering with high-temperature 
substitution is the conversion of the reactant into an inert diacetyl derivative by the acetic 
acid used as solvent (cf. J., 1927, 1135) ; another is the disruption of the diphenylmethane 
ring system as in the case of the free bases (see below). 

4-Benzamido- and 4’-bromo-4-benzamido-diphenylmethanes are brominated only in the 
adjacent 3 position. Iodination of 4-acetamidodiphenylmethane, with the use of di- 
chloramine-T and potassium iodide, appears to follow the same course as does bromination, 
since there have been isolated traces of low m. p. and high m. p. monoiodo-derivatives. 
These, however, are formed only in minute yields even after prolonged reaction. Definite 
chlorination products of 4-acetamidodiphenylmethane have not been isolated. 
| In contrast to its acetyl derivative, 4-aminodiphenylmethane undergoes halogenation 
very rapidly in both the positions adjacent to the amino-group, but, when further substitu- 
tion is attempted, there occurs a fission of the whole molecule. Thus, 3 : 5-dibromo- 
4-aminodiphenylmethane (III) on being warmed with bromine in glacial acetic acid yields 
2:4: 6-tribromoaniline. When this reaction is carried out in warm chloroform or carbon 
tetrachloride solution, hydrogen bromide is evolved and benzaldehyde can be isolated. 
The methylene group must therefore be a point of reactivity in the base (III), which may 
perhaps be converted into the corresponding hydrol (IV) before the actual fission, since 
the latter compound has been shown by Clarke and Esselen (J. Amer. Chem. Soc., 1911, 
33, 1135) to undergo this same type of fission with bromine. 


a C CHPh(OH) 4 Ph-CHO + Br 


Br,(+H,0) 
a  -— Br Br 
(III.) (IV.) 
NH, NH, J 








— 


This fission of diphenylmethane bases affords a simple method of ascertaining the 
correct orientation of higher substitution derivatives; it has been applied, in test, also 
to 3:5: 4’-tribromo-4-aminodiphenylmethane. 

Di-iodination of 4-aminodiphenylmethane occurs rapidly at 0°, the best yields being 
obtained by treating a strongly acid alcoholic solution of the base with a solution of 
sodium iodate and iodide, iodine monochloride being formed, NalO, + 2NaI + 6HCl = 
3ICl + 3NaCl + 3H,O. The iodinating agent can be run in from a burette at such a 
rate that the iodo-compound forms instantly, there being present at no time enough free 
iodine chloride to cause oxidation or tarring. Under these conditions, aniline gives 
2:4-di-iodoaniline in practically quantitative yield. Bromination, similarly, can be 
effected smoothly by the corresponding bromate—bromide mixture. 

3-Bromo-5-iodo-4-aminodiphenylmethane, prepared by the iodination of 3-bromo- 
4-aminodiphenylmethane, has nearly the same m. p. as 3: 5-dibromo-4-aminodipheny]l- 
methane, and, further, the two compounds exhibit no appreciable depression of m. p. 
on admixture. This is similar to the case previously reported by the author with the 
exactly corresponding compounds of the benzophenone series (J., 1929, 2107 ; 1931, 2151). 

With bromine, 3 : 5-di-iodo-4-aminodiphenylmethane undergoes the customary fission 
to yield benzaldehyde. Some iodine is, however, replaced by bromine during the reaction. 
Under similar experimental conditions, too, iodine is liberated from di-iodoaniline. Similar 

4a 
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instances of halogen replacement have been described by Orton and his colleagues (cf, 
J., 1901, 79, 822; 1907, 91, 1543). 

The structures of the substitution derivatives of the diphenylmethane series have, in 
general, been established by eliminating the amino-group and then oxidising the product 
to the corresponding substituted benzophenone, which was available for direct comparison 
as the result of a previous investigation (J., 1929, 2106) wherein structures had been 
rigorously proved. 

EXPERIMENTAL. 

Except where otherwise stated, bromination was effected by means of bromine in acetic 
acid—sodium acetate, and oxidation by chromic anhydride in acetic acid. 

4-Nitro-, 3-nitro-,and 4-nitro-4’-bromo-diphenylmethanes were prepared from the correspond- 
ing benzyl chlorides by the Friedel-Crafts reaction, and were reduced to the amines by tin and 
hydrochloric acid in alcoholic solution. 4-Aminodiphenylmethane was purified by vacuum 
distillation (b. p. 198°/15 mm.), and the acetyl derivative was crystallised from dilute aqueous 
methyl alcohol, forming plates, m. p. 127° (King, J., 1920, 117, 988, gives 128—129°, corr.). 
4-Benzamidodiphenylmethane crystallised from alcohol in needles, m. p. 161° (Found: N, 4-9. 
Cy9H,,ON requires N,4:9%). 4’-Bromo-4-aminodiphenylmethane had b. p. 226—230°/15 mm. ; 
its benzoyl derivative crystallised from alcohol in needles, m. p. 181° (Found: Br, 21-8. 
CygH,,ON Br requires Br, 21-8%). 

3 : 5-Dibromo-4-aminodiphenylmethane.—(a) 4-Aminodiphenylmethane in cold acetic acid 
was treated, with cooling, with 2 mols. of bromine in the same solvent. The dark solid 
precipitated by pouring into sodium sulphite solution was recrystallised from alcohol. 

(b) 2 Equivs. of a N-solution of brominating reagent (28 g. KBrO, and 37-25 g. NaBr in 
500 c.c. H,O) were added to a mixture of equal volumes of N-base in alcohol and concentrated 
hydrochloric acid at 0°, which was kept cold in crushed ice. The product formed a light 
brown precipitate, easily separated in quantitative yield on dilution with ice-water. The 
base crystallised from alcohol in long needles, m. p. 92° (Found: Br, 46-8. C,,H,,NBr, requires 
Br, 46-9%). Its diacetyl derivative crystallised from alcohol in plates, m. p. 116° (Found: 
Br, 37-85. C,,H,,O,NBr, requires Br, 37-65%), and its benzoyl derivative from alcohol in 
needles, m. p. 222° (Found: Br, 36-1. C,)H,,ONBr, requires Br, 36-0%). 

3 : 5-Dibromodiphenylmethane, prepared by deamination of the base by the usual method, 
crystallised from methyl alcohol in needles, m. p. 61°, b. p. 201°/15 mm. (Found: Br, 49-3. 
C,3;H,)Br, requires Br, 49-1%). On oxidation, it gave 3 : 5-dibromobenzophenone (m. p. and 
mixed m. p. 74—75°). 

Bromine fission of 3: 5-dibromo-4-aminodiphenylmethane. (a) The dibromo-base in acetic 
acid was kept for 8 hours at 100°, bromine being added from time to time to remain in excess. 
On dilution with water, 2: 4 : 6-tribromoaniline was formed, m. p. 119°, alone or mixed with 
an authentic specimen. 

(b) The dibromo-base was refluxed for 2 hours with excess bromine in chloroform, hydrogen 
bromide being evolved. After evaporation of the solvent the dark sticky residue was steam- 
distilled, whereupon benzaldehyde separated (phenylhydrazone, m. p. 156°). Reaction in 
carbon tetrachloride was exactly similar. 

3:5: 4’-Tribromo-4-aminodiphenylmethane, prepared from 4’-bromo-4-aminodiphenylmethane 
by the usual method of bromination, the product being poured into water, formed plates, 
m. p. 141° from alcohol (Found : Br, 57-1. C,,;H, )NBr, requires Br, 57-1%). Further bromin- 
ation with dry bromine in boiling carbon tetrachloride yielded tribromoaniline, m. p. 119°, and 
p-bromobenzaldehyde, recognised, after steam-distillation, by formation of its phenylhydrazone, 
m. p. 113° (Gattermann, Annalen, 1912, 393, 215, gives 112—113°). 

3-Bromo-4-acetamidodiphenylmethane.—22-5 G. of 4-acetamidodiphenylmethane and 25 g. of 
anhydrous sodium acetate were dissolved in 400 c.c. of stable acetic acid, 17 g. of bromine were 
added, and the mixture set aside for 3 days. The product, isolated by pouring the mixture 
into water, crystallised from methyl alcohol in plates or prisms, m. p. 91° (Found: Br, 26:2. 
C,;H,,ONBr requires Br, 26-3%). The yield was nearly 100% : in boiling acetic acid it was 
only 20—25%. Hydrolysis of the acetyl compound with hydrobromic acid in alcohol yielded 
the hydrobromide of 3-bromo-4-aminodiphenylmethane, crystallising from dilute hydrobromic 
acid in needles, m. p. 216° (decomp.) (Found: HBr, 23-7. C,,;H,,NBr,HBr requires HBr, 
23-6%). The free base was an oil, b. p. 204—208°/15 mm., which was brominated quantitatively 
in cold acetic acid to 3: 5-dibromo-4-aminodiphenylmethane, thus establishing its structure. 
Its benzoyl derivative crystallised from alcohol in needles, m. p. 97° (Found: Br, 22:2. 
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CopH,gONBr requires Br, 21-9%), and was obtained both from the free base with benzoyl 
chloride and also by brominating 4-benzamidodiphenylmethane in acetic acid at room 
temperature. 

On brominating 3-bromo-4-acetamidodiphenylmethane for several hours at 100° by 

the normal procedure, a sticky product resulted from which could be isolated only 3-bromo-4- 
diacetamidodiphenylmethane; fine plates, m. p. 112°, from methyl alcohol (Found: Br, 22-4. 
C,,H,gO0,NBr requires Br, 22-45%). This same compound has also been obtained by direct 
bromination of 4-acetamidodiphenylmethane at 100°. By keeping 3-bromo-4-acetamidodi- 
phenylmethane for several months with excess bromine in the usual solution, there was produced 
in small yield (ca. 10%) 3:5: 4’-tribromo-4-acetamidodiphenylmethane, which forms needles 
from methyl alcohol, m. p. 209° (Found: Br, 51-9. C,;H,,ONBr, requires Br, 51-95%). 
Hydrolysis gives the corresponding base, m. p. 140—141°, alone or mixed with an authentic 
specimen. , 
P Siatebemenieiabaiintes was obtained, in one preparation only, by brominating 
4-acetamidodiphenylmethane at 100° for 3 hours. It was usually formed only in traces, It 
crystallised from alcohol in needles, m. p. 194° (Found: Br, 26-3. C,;H,,ONBr requires Br, 
26-3%). Hydrolysis gave the free base as a thick oil which did not solidify on freezing. The 
benzoyl derivative crystallised from alcohol in needles, m. p. 166° (Found : Br, 22-1. C,9H,;,ONBr 
requires Br, 21-99%). The free base evolved bromine when oxidised; when heated with excess 
bromine in carbon tetrachloride it gave, on steam-distillation after removal of the solvent, 
benzaldehyde (phenylhydrazone, m. p. 155°) and a residue, probably bromoanil, which crystal- 
lised from acetone in bright yellow needles, m. p. 300°. The bromine is therefore in the same 
ring as the acetamido-group, and position 2 is inferred for it in absence of an alternative, 
although no direct proof of structure has been obtained. 

3: 4’-Dibromo-4-benzamidodiphenylmethane was formed quantitatively by brominating 
4’-bromo-4-benzamidodiphenylmethane at room temperature. It crystallised from alcohol in 
plates, m. p. 135° (Found: Br, 35-95. C,)H,,ONBr, requires Br, 35-95%). Hydrolysis gave 
agum, which, by treatment with bromine in cold acetic acid, gave 3 : 5 : 4’-tribromo-4-aminodi- 
phenylmethane (m. p. 140°, alone or mixed with an authentic specimen), contaminated with 
a little tribromoaniline. 

3 : 5-Di-iodo-4-aminodiphenylmethane.—4-Aminodiphenylmethane (10 g.) in alcohol (300 c.c.) 
and concentrated hydrochloric acid (50 c.c.) was kept cold in crushed ice whilst 2 equivs. of 
N/2-iodinating reagent (33 g. NalO, + 55 g. KI per litre of water) were slowly run in. A 
little tar was deposited; the main yield was separated by pouring into ice—water containing 
a little sodium sulphite. Yield 62%. The compound crystallised from alcohol in needles, 
m. p. 137° (Found: I, 58-3. C,,;H,,NI, requires I, 58-35%). Its benzoyl derivative 
crystallises from alcohol in needles, m. p. 257° (Found: I, 46°9. C,,H,,ONI, requires I, 47°1%). 
Deamination by the usual method yielded 3: 5-di-iododiphenylmethane, needles, m. p. 73° 
(Found: I, 60-6. C,,;H, I, requires I, 60-45%), from alcohol-ether. On oxidation it gave 
3: 5-di-iodobenzophenone, m. p. and mixed m. p. 90—91°. 

When heated with bromine in carbon tetrachloride, 3 : 5-di-iodo-4-aminodiphenylmethane 
evolved hydrogen bromide and darkened with liberation of iodine. After evaporation of the. 
solvent, the residue was steam-distilled, and gave free iodine and also benzaldehyde (phenyl- 
hydrazone, m. p. 156°). The dark residue on crystallisation from alcohol gave needles, m. p. 
73°. In acetic acid solution a similar reaction occurred, the residual mixed bases having m. p. 
60—100°. 

2: 4-Di-iodoaniline, m. p. 95°, was obtained when aniline was iodinated by a similar process. 
On treatment with bromine in acetic acid at 100°, it gave free iodine and a residue of acetylated 
bases, m. p. 215—220°. 

3-Bromo-5-iodo-4-aminodiphenylmethane was obtained by a similar iodination of 3-bromo- 
4-aminodiphenylmethane. It crystallised from alcohol in needles, m. p. 91°, not depressed 
on admixture with 3: 5-dibromo-4-aminodiphenylmethane in varying proportions (Found : 
02038 g. gave 0-2231 g. AgBr + AgI. Calc.: AgBr + Agl, 0-2221 g.). 

lodination of 4-Acetamidodiphenylmethane.—20 G. of 4-acetamidodiphenylmethane in 
200 c.c. were treated with iodinating reagent [20 g. powdered KI added to 24 g. dichloramine-T 
(80%) in 200 c.c. acetic acid] and kept at room temperature for 3 days. The mixture was 
warmed to 100° for 3 hours and then poured into dilute sodium sulphite solution. The 
precipitate was washed with dilute sodium hydroxide, and repeated crystallisation from methyl 
alcohol afforded much original material together with small quantities of two isomeric monoiodo- 
4-acetamidodiphenylmethanes : A (2-iodo- ?) crystallised in needles, m. p. 201°, and B (3-iodo- ?) 
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in plates, m. p. 113° [Found: I, (A), 36-26; (B), 35-8. C,;H,,ONI requires I, 36-16%), 
Several iodinations at room temperature were completely unsuccessful; iodination at 100° 
produced decomposition. 

Chlorination of 4-acetamidodiphenylmethane with dichloramine-T in acetic acid was 
attempted, but, from the gummy reaction product, no crystalline substance could be isolated. 

Nitration of 4-Acetamidodiphenylmethane.—4-Acetamidodiphenylmethane in acetic acid at 
15—30° was not attacked by nitric acid, except on warming, which caused oxidation and 
decomposition. Dinitration was effected by adding nitric acid (d 1-5; 25 c.c.) to a solution of 
4-acetamidodiphenylmethane (40 g.) in a mixture of equal volumes (200 c.c. of each) of concen- 
trated sulphuric acid and glacial acetic acid, maintaining the mixture at 30—40° for } ‘hour, 
and then pouring it on ice. There resulted 3 : 4’-dinitro-4-acetamidodiphenylmethane (21 g.), 
yellow needles, m. p. 150°, from methyl alcohol (Found : N, 13-4. C,;H,;0;N, requires N, 13-3), 
together with more soluble, low-melting products which could not be purified. 

3 : 4’-Dinitro-4-aminodiphenylmethane, obtained by hydrolysis of the acetyl derivative, 
crystallised from aqueous alcohol in orange-red needles, m. p. 122° (Found: N, 15-4. 
C,;H,,0,N, requires N, 15-4%). Oxidation afforded p-nitrobenzoic acid (m. p. and mixed 
m. p. 240°). This established the orientation of the nitro-group as being in the ring not contain- 
ing the amino-group. Deamination of the dinitro-base by the usual method yielded 3: 4’- 
dinitrodiphenylmethane, m. p. 102° (Found: N, 11-1. Calc.: N, }0-9%), which was oxidised 
as usual to 3 : 4’-dinitrobenzophenone, m. p. 172° (Found: N, 10-5. Calc.: N, 10-3). These 
results are in accordance with the observations of Staedel (loc. cit.). In confirmation, his 
nitration of m-nitrodiphenylmethane was repeated, equal volumes of nitric and sulphuric 
acids being used at room temperature, and 3: 4’-dinitrodiphenylmethane, m. p. 102°, alone 
or mixed with the deamination product was formed. This confirms the orientation of the 
other nitro-group. 

On treating 3: 4’-dinitro-4-aminodiphenylmethane with bromine in cold acetic acid, a 
monobromo-derivative, almost certainly 5-bromo-3 : 4’-dinitro-4-aminodiphenylmethane, was 
obtained; it crystallised from acetone in orange needles, m. p. 181° (Found: Br, 22:7. 
C,3;H,,O,N,Br requires Br, 22-7%), and was not decomposed by refluxing with bromine 
in chloroform. 


The author thanks the Chemical Society for a grant from the Research Fund. 
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253. New Derivatives of p-Arsanilic Acid. Part V. p-Arsonomethyl- 
malonanilic Acid and Related Compounds. 


By GILBERT T. MorGAN and Eric WALTON. 


IT is now well established that, of the arsenicals of general type (I; where » = 1, 2, 3, or 4), 
a large proportion show marked trypanocidal activity, and since there are as yet no signs 
of decreasing activity with increasing numerical values for 1, synthetic experiments in this 


AsO,H, AsO H, 

(I.) (II.) 
(Hs 

NH-CO[CH,]},CO*NRR’ NH-CO-CH-CO-NRR’ 


direction are being continued. Variations of this structural type, however, are very numer- 
ous when alkyl and other substituent groups in both nucleus and side chain are considered, 
and examples of one such modification, namely, a series of methylmalonyl derivatives (II) 
of p-arsanilic acid, have now been prepared for therapeutic examination. 

For this purpose, pure methyl and ethyl methylmalonates were synthesised thus: 
«-Bromopropionic acid —-> «-cyanopropionic acid —> methyl or ethyl methylmalonate. 
The yield of the ethyl ester (58%, calculated on the «-bromopropionic acid used) obtained 
in this way was approximately double that afforded by the usual method employing 
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ethyl «-bromopropionate (Steele,* J. Amer. Chem. Soc., 1931, 58, 286); further, the 
conversion into the «-cyano-acid took place in about 3 minutes, as compared with 10 
hours required for the reaction ethyl «-bromopropionate —-> ethyl «-cyanopropionate. 

Methyl and ethyl hydrogen methylmalonates, from the corresponding di-esters, were 
converted into «-carbomethoxy- and a-carbethoxy-propionyl chlorides respectively, and 
these with atoxyl afforded methyl and ethyl p-arsonomethylmalonanilates (III), from which 
a series of amides (II; R,R’ = H,; H, Me; H, Et; H, m-Pr) was obtained in the usual 
manner. 

Additional compounds belonging to this group were prepared according to the following 
scheme (where X = *C,H,-NH*CO-CHMe:) : 


(11I.) Ethyl p-arsonomethylmalonanilate (AsO,H,*X°CO,Et) 


NaOH | then HCl and SO, 


Y 
p-Dichloroarsinomethylmalonanilic acid (AsCl,*X*CO,H) 
NaHCO, | S0cty| then NH,Ph 
p-Oxyarsinomethylmalonanilic acid p-Oxyarsinomethylmalonanilide 
(AsO-X-CO,H) (AsO:X:CO-NHPh) 
H,0, | | H,0, 
Y + 
(IV.) p-Arsonomethylmalonanilic acid Methylmalonanilide-p-arsonic acid 
(AsO,H,*X°CO,H) (AsO,H,*X*CO-NHPh) 


Owing to its excessive solubility in water, acid (IV) cannot well be obtained direct from 
the ester (III). 

A summary of recent pharmacological results from Prof. W. Yorke, M.D., M.R.C.P., 
F.R.S., including data for glutaranilodimethylamide-f-arsonic acid,t showing a further 
improvement on that recorded in Part IV (this vol., p. 91), is here appended. 


Sodium salts. M.L.D. M.C.D. C.R. Sodium salts. M.L.D. M.C.D. C.R. 
Ethyl ester (III) 6°25 6°25 1 x-Propylamide (II) 50 >50 <l 
Methyl ,, 10 >10 <1  Anilide (IT) 6 inactive — 
Amide (II) >100 50 >2 
Methylamide (II) 100 10—12 8—10 
Ethylamide (II) 50 15 3°3 tDimethylamide (I; m= 3) 100 6—10 10—16 


M.L.D. = Minimum lethal dose. M.C.D.= Minimum curative dose. (Both as mg. per 20 g. of 
mouse.) C.R. = Curative ratio. 


EXPERIMENTAL 


Ethyl Methylmalonate.—a-Bromopropionic acid (76-5 g.) and ice (75 g.), carefully neutralised 
with sodium hydroxide (20-5 g.) in water (50 c.c.), were treated in a beaker with sodium cyanide 
(35 g.) in water (60 c.c.), and the mixture heated to 100°, whereupon a fairly vigorous reaction 
occurred. After being maintained at 100° for 2 minutes, the mixture was cooled, acidified 
with concentrated hydrochloric acid, and rapidly extracted 5 times with ether (about 1500 c.c. 
altogether). The extract, after drying and removal of ether, yielded crude «-cyanopropionic 
acid (50 g.) as a residual syrup, b. p. (some decomp.) 142—145°/15 mm. (Found: N, 14-18. 
Calc. for C,H,O,N : N, 14-15%). 

A solution of the crude acid (50 g.) in ethyl alcohol (150 c.c.) and concentrated sulphuric 
acid (2 c.c.) was saturated at 0° with hydrogen chloride. After 24 hours at 0°, a further quantity 
of ethyl alcohol (75 c.c.) was added, the mixture refluxed for 30 minutes, and the alcohol removed 
from the ammonium chloride-free filtrate in a partial vacuum. The residue, treated with 
water and extracted with ether, afforded, on distillation, ethyl methylmalonate (51 g. or 58%), 
b. p. 192—198°. Methyl methylmalonate (37 g.), b. p. 172—175°, was prepared in the same 
way from crude «-cyanopropionic acid (50 g.), methyl alcohol (150 c.c.), and sulphuric acid 
(2 c.c.). 

Partial hydrolysis of ethyl methylmalonate (17-4 g.) and treatment of the ethyl 

* This author interprets 118 g. of ethyl methylmalonate from 127 g. of ethyl a-cyanopropionate as 
a 93% yield; actually it is 68°). 
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hydrogen methylmalonate (9-5 g.), b. p. 139°/16 mm., thus obtained with thionyl chloride 
according to the method of Marguery (Bull. Soc. chim., 1905, 33, 546) afforded a-carbethoxy- 
propionyl chloride (10-5 g.), b. p. 82°/16 mm. Similar hydrolysis of the methyl ester (14-6 g.) 
with potassium hydroxide (5-6 g.) in methyl alcohol (100 c.c.) gave methyl hydrogen methylmalon- 
ate (10 g.), b. p. 131°/16 mm. (Found: C, 44-9; H, 5-95. C,H,O, requires C, 45-4; H, 6-1%), 
and the latter (29 g.) with thionyl chloride (23 c.c.) yielded a-carbomethoxypropionyl chloride 
(31 g.), b. p. 73°/16 mm. (Found: Cl, 23-23. C;H,O,Cl requires Cl, 23-58%). 

Ethyl p-Arsonomethylmalonanilate (II1).—a-Carbethoxypropionyl chloride (0-5 c.c.) was 
shaken with atoxyl (1 g.) in N-sodium hydroxide (5 c.c.), and the solution poured into an excess 
of cold dilute hydrochloric acid and left for several hours at 0°. The precipitated ethyl p-arsono- 
methylmalonanilate crystallised from water in leaflets, soluble in alcohol and slightly so in cold 
water (Yield, recrystallised, 10 g. from 17 g. of atoxyl) (Found: As, 21-6. C,,H,,O,NAs requires 
As, 21-7%). The sodium salt crystallised from dilute alcohol in small leaflets, pg 6-0 (Found: 
As, 20-4. C,,H,,0,NAsNa requires As, 20-4%). 

Methyl p-arsonomethylmalonanilate (18-5 g.), prepared in the same way from a-carbometh- 
oxypropionyl] chloride (10 c.c.), crystallised from water in tufts of needles, soluble in alcohol 
and cold water (Found: As, 23-1. C,,H,,O,NAs requires As, 22-65%). The sodium salt 
separated from dilute alcohol as a granular precipitate, pg 8 (Found: As, 20-3. 
C,,H,,0,NAsNa,H,O requires As, 20-2%). 

Methylmalonanilamide-p-arsonic Acid (II; R,R’ = H,).—The ester (III) (4 g.) and con- 
centrated aqueous ammonia (10 c.c.) were heated at 70° under pressure for 4 hours. The 
ammonia was removed, the residue acidified, and, after 24 hours at 0°, the amide was collected, 
and crystallised from water in large prisms (1-7 g.), insoluble in alcohol but moderately soluble 
in cold water (Found : hydrolysable N, 4-34. C,)9H,,0;N,As requires hydrolysable N, 4-43°%). 
The sodium salt, pq 7-0—7-5, which separated from dilute alcohol is indefinitely crystalline 
(Found : hydrolysable N, 3-90. C,,H,,O;N,AsNa,H,O requires hydrolysable N, 3-94%). 

Methylmalonanilomethylamide-p-arsonic acid (Il; R= H, R’ = Me) was prepared by 
leaving the ester (III) (4-5 g.) and 33% aqueous methylamine (9 c.c.) at room temperature 
for 24 hours and working up the solution as described above for the amide. The methylamide 
crystallised from water in glistening rectangular prisms (2-3 g.), soluble in alcohol and moderately 
so in cold water (Found : hydrolysable N, 4-24. C,,H,,0O;N,As requires hydrolysable N, 4-25%),. 
The sodium salt, py 6-0, was prepared by evaporation of its aqueous solution (Found : hydrolys- 
able N, 4:03. C,,H,,O;N,AsNa requires hydrolysable N, 3-98%). 

Methylmalonanilethylamide-p-arsonic acid (Il; R = H, R’ = Et), from the ester (III)(12 g). 
and 33% aqueous ethylamine (25 c.c.), after 12 days at 0°, crystallised from water in small 
hexagonal plates (3-5 g.), soluble in alcohol and cold water (Found: hydrolysable N, 4-05. 
C,,.H,,0,;N,As requires hydrolysable N, 4:07%). The sodium salt, pg 7-0—7-5, was prepared 
by evaporation of its aqueous solution (Found: hydrolysable N, 3-68. C,,.H,,0;N,AsNa,H,O 
requires hydrolysable N, 3-65%). 

Methylmalonanilo-n-propylamide-p-arsonic acid (II; R=H, R’=~x-Pr), from either 
ester (III) (4 g.) or the corresponding methyl ester (4 g.) and 50% aqueous -propylamine 
(8 c.c.), after 6 days at room temperature, crystallised from water in tufts of minute needles 
(1 g.), moderately soluble in alcohol but not in cold water (Found: hydrolysable N, 3-94. 
C,3H,,0,;N,As requires hydrolysable N, 3-91%). The disodium salt crystallised from dilute 
alcohol in leaflets, pg 9-5 (Found: hydrolysable N, 3-35. C,,;H,,O;N,AsNa,,H,O requires 
hydrolysable N, 3-33%). 

p-Dichloroarsinomethylmalonanilic Acid.—The ester (III) (4 g.) and 6N-sodium hydroxide 
(4 c.c.) were boiled for about 1 minute, and, after addition of concentrated hydrochloric acid 
(50 c.c.) and removal of salt, the solution was saturated with sulphur dioxide at 0°, in the presence 
of a trace of iodine. After 15 hours at 0°, the dichloroarsino-derivative (2-5 g.) was collected, 
and crystallised from benzene in rectangular prisms, m. p. 158—160° (decomp.) (Found: 
Cl, 20-6. C,9H,,O,NAsCl, requires Cl, 21-0%). 

Acidification of a solution of this dichloride in sodium bicarbonate furnished p-oryarsino- 
methylmalonanilic acid, an ill-defined solid, almost insoluble in water and alcohol (Found : 
As, 26-8. C, 9H,,O,NAs requires As, 26-5%). On treatment with very dilute hydrogen per- 
oxide and evaporation to dryness, the arsine oxide was converted into p-arsonomethylmalonanilic 
acid, a fawn-coloured solid, readily soluble in water and alcohol (Found: As, 23-01. 
C,,H,,0,NAs requires As, 23-65%). 

Methylmalonanilide-p-arsonic Acid (Il; R=H, R=C,H;).—A solution of the crude 
dichloride (2-4 g.) in thionyl chloride (3 c.c.), after 15 hours at room temperature, was poured 
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into an excess of aniline, and the mixture acidified. The precipitated p-oxyarsinomethylmalon- 
anilide (1-2 g.), after purification through its sodium hydroxide solution, appeared as a cream- 
coloured solid, insoluble in water (Found: As, 20-95. C, ,H,,O,;N,As requires As, 20-95%). 
A warm suspension of the anilide in aqueous sodium bicarbonate was treated with hydrogen 
peroxide (100 vol.) (1 c.c.) and the filtered solution acidified. The precipitated methylmalon- 
anilide-p-arsonic acid recrystallised from water in microcrystalline leaflets (0-9 g.), soluble in 
warm alcohol (Found: As, 19-1. C,,H,,0;N,As requires As, 19-1%). The sodium salt, 
prepared by evaporation of its aqueous solution, is a cream-coloured solid, pg 9-0 (Found : 
As, 168. C,,H,,0;N,AsNa,2H,O requires As, 16-65%). 

Methylmalonanilide-pp’-diarsonic acid, ASO,H,*C,H,*NH*CO-CH(CH;)*CO*NH°C,H,°AsO3Hg, 
was prepared in small quantity by shaking an alkaline solution of atoxyl with methylmalonyl 
dichloride (Meyer and Bock, Annalen, 1906, 347, 104), followed by an excess of dilute hydro- 
chloric acid. It separated from water, in which it was only slightly soluble, as a micro- 
crystalline solid, sparingly soluble in hot alcohol (Found: As, 29-1. C,gsH,,0,N,As, requires 


As, 29-1%). 
CHEMICAL RESEARCH LABORATORY, TEDDINGTON, MIDDLESEX. [Received, June 29th, 1933.] 








254. A New Reaction of Certain Diazosulphonates derived from B- 
Naphthol-l-sulphonic Acid. Part XI. Constitution of the Phthal- 


azine Derivatives. 
By F. M. Rowe and A. T. PETERs. 


In Part I of this series (J., 1926, 695) it was considered that diazosulphonates derived 
from $-naphthol-l-sulphonic acid react in aqueous sodium carbonate solution to form 
sodium aryl-l-azo-8-naphthaquinone-1-sulphonates (I), certain of which (with R=nitroaryl) . 
are converted by sodium hydroxide into the carboxylic acids (II), and it was suggested 
that ring closure then occurred with formation of disodium 3-nitroaryl-1 : 3-dihydrophthal- 
azine-1-sulphonate-4-acetates, which were subsequently hydrolysed to 1-hydroxy-3- 
nitroaryl-1 : 3-dihydrophthalazine-4-acetic acids (III). 


NaO,S\, ,-N—=NR NaO,S\ /H HO, /H 
CH:CH:CO,Na 6 JNR (III.) 


(I.) (II.) 
CH,°CO,H 


[R = Nitroaryl.] 


In adopting the 1 : 3-dihydrophthalazine structure (III), we stated (ibid., p. 698) that 
formule such as (IV) were not definitely excluded, but we provisionally decided in favour 
of (III) owing to our failure to prepare an N-methyl ether from it and to the results of 
our reduction experiments. Subsequently, however, B. Garforth and J. D. Pask (un- 
published work) obtained N-methyl ethers (VI; R’ = H) from those compounds where 
R =o-nitrophenyl and 4-chloro-o-nitrophenyl. Our views on the constitution of the 
phthalazines are therefore modified (cf. Ann. Reports, 1931, 28, 125), and the new structures 
assigned are confirmed by a repetition of the reduction experiments (see p. 1068). 

The primary product of the action of sodium hydroxide on (I) may equally well be (IIa), 
but, in either case, ring closure occurs to give disodium 3-aryl-3 : 4-dihydrophthalazine- 
1-sulphonate-4-acetates (IV), which are hydrolysed to 1-hydroxy-3-aryl-3 : 4-dihydro- or 
1-keto-3-aryltetrahydro-phthalazine-4-acetic acids (V, or corresponding CO-NH form). 
In agreement with this view, all of the compounds (V) in potassium hydroxide solution 
react readily with methyl sulphate to give N-methyl ethers (VI; R’ = H), which are stable 
to hydrobromic acid at 180° and to hydriodic acid at 140°, and all of which form methyl 
esters (VI; R’=Me). On the other hand, the product of the action of methyl sulphate 
on the methyl esters (VII) in potassium hydroxide solution varies according to R. Where 
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R is o-nitropheny] and 4-chloro-o-nitrophenyl, the sole product is (VI; R’ = Me) (Garforth 
and Pask, unpublished), but where R is m- or p-nitrophenyl or f-nitrobenzeneazopheny| 


903Na 


CH:CH-CO,Na 


[R = Nitroaryl or benzeneazopheny].] 
the sole product is (VI; R’ =H), whilst where R is 4’-nitro-2’-methylphenyl, 2’-chloro- 
or 2’: 6’-dichloro(or dibromo)-4’-nitrophenyl, or benzeneazophenyl, the product is a 
mixture of the two compounds, the proportion depending upon the ease of hydrolysis 
oftheester. All ofthe N-methylethers (VI; R’ = H) are soluble in both sodium carbonate 
and hydroxide, the colours of the solutions being much less deep than those of corresponding 
solutions of (V), but their methyl esters (VI; R’ = Me) are insoluble. 

There is no doubt that the reduction products of (V) are not 1-hydroxy-3-aminoary]- 
tetrahydrophthalazine-4-acetic acids, as has been stated in the preceding parts of this 
series, but are 1-hydroxy-3-aminoaryl-3 : 4-dihydrophthalazine-4-acetic acids (V; R= 
aminoaryl). We have re-examined all the examples of this reduction and the products 
have been analysed by several independent workers. Moreover, the analyses by Bucherer 
and Frohlich of ‘‘ reduced yellow-II’”’ (J. pr. Chem., 1931, 132, 76), where R is p-amino- 
phenyl, provide further support. On this basis, the formation of nitro- and amino-3- 
arylphthalaz-l-ones with elimination of acetic acid by heating (V) and (V; R = aminoary)) 
respectively in acid solution, followed by treatment with alkali, is strictly analogous in 
each case and easily explained (J., 1928, 2553). 

“Soluble yellow-I”’ and “ yellow-II ” (Bucherer and Frdéhlich, /oc. cit.) are (IV) and 
(V) respectively, where R is p-nitrophenyl (cf. J., 1931, 1067). Those authors heated 
“ yellow-II ” with 10% hydrochloric acid in a sealed tube at 150° for 12 hours and obtained 
white needles, m. p. 229°, insoluble in acids and alkalis, for which they advanced the 
formula C,;H,,0,;N3, implying mere decarboxylation. They obtained from “ reduced 
yellow-II ” by similar treatment a base, leaflets, m. p. 255°, for which they give no analytical 
data, but which they obtained also by reducing the above substance, m. p. 229°. As 
mere decarboxylation is contrary to any of our results with compounds in this series, we 
heated (V) (R = f-nitro- and #-amino-phenyl) with dilute hydrochloric acid (1:2) as 
described by Bucherer and Frohlich, and obtained 4’-nitro- and 4’-amino-3-phenylphthalaz-1- 
one, m. p.’s 333° and 259°, respectively, as the sole products. Alteration of the conditions 
did not affect our result with the amino-compound, but by using weaker acid (1 : 7-5) at 
175° for 6 hours, we obtained from the nitro-compound pale straw-coloured needles, 
insoluble in acids and alkalis, of variable m. p. (222—230°) after repeated crystallisation. 
If this is the product described by Bucherer and Fréhlich, our analyses do not agree with 
their empirical formula, and the product appears to be a difficultly separable mixture of 
4’-nitro-3-phenyl- (J., 1928, 2555) and 4’-nitro-3-phenyl-1-methyl-phthalaz-4-one (J., 
1931, 1923). If so, it involves the possibility of the formation of phenylphthalaz-4-ones 
in a new way and also of the conversion of phenylphthalaz-l-ones into the latter. We 
intend to investigate these points fully. 
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EXPERIMENTAL. 


1-Keto-3-aryl-2-methylietvrahydrophthalazine-4-acetic Acids (VI; R’ = H).—A fine aqueous sus- 

pension of 1-hydroxy-3-aryl-3 : 4-dihydrophthalazine-4-acetic acid (3 g.; 1 mol.) (V) was treated 

adually and simultaneously with (i) a solution of potassium hydroxide (10 mols.) and (ii) 
methyl sulphate (1-4 mols.) during 15 mins. with continuous vigorous shaking. Methylation 
was complete when addition of (i) gave no further characteristic coloration. The mixture was 
poured on ice-water, neutralised with dilute hydrochloric acid, the pale yellow precipitate 
collected, dissolved in sodium carbonate, and the clear alkaline solution neutralised. Better 
yields are obtained if methy! alcohol is used as solvent, but it tends to combine with some of 
the products. Methyl iodide (2 mols.) may be used instead of the sulphate. 

Esters, etc —A solution of (VI) in the minimum of dry methyl alcohol was saturated with 
dry hydrogen chloride at 0° and left over-night (heating causes resinification). A series of 
N-methyl ethers (VI; R’ = H) and their methyl esters (VI; R’ = Me) was prepared by these 
methods, the former being in all cases soluble in sodium carbonate and hydroxide, and the 
latter insoluble. The description of compounds (V) and (VI; R’ =H) in brackets refers to 
the colour of solutions in (a) sodium carbonate and (6) sodium hydroxide. Methylation of the 
methyl 1-hydroxy-3-aryl-3 : 4-dihydrophthalazine-4-acetates (VII) under standard conditions 
(above) gave (VI; R’=H) or (VI; R’= Me), or mixtures of the two, according to the particular 
compound employed. 

1-Hydroxy-3-(4’-nitropheny])-3 : 4-dihydrophthalazine-4-acetic acid (V) crystallised from 
ethyl acetate in yellow prisms, m. p. 241° [(a), (b), deep wine-red]; its methyl ester (VII) 
crystallised from methyl! alcohol in large yellow prisms, m. p. 166° (not 153° as previously 
given; J., 1926, 700). 

1-Keto-3-(4’-nitrophenyl)-2-methylietrahydrophthalazine-4-acetic acid crystallised from methyl] 
alcohol in pale yellow prismatic needles, m. p. 207°, containing solvent which was difficult to 
remove (Found, in material dried in a vacuum: C, 57-9, H, 5-0; dried at 130°: C, 58-0, 58-1; 
H, 48, 4:95. C,,H,;0;N3,CH3°OH requires C, 57-9; H, 5-1%), or from glacial acetic acid in pale 
yellow prisms, m. p. 207° (yield, 2-7 g.; 86%), difficult to analyse satisfactorily (Found, in material 
dried at 130°: C, 59-5; H, 5-0; N, 12-2. C,,H,;0;N, requires C, 60-0; H, 4-4; N, 12-3%) 
[(a) orange-brown, (b) deep orange-brown]. It was unchanged after heating with hydrobromic 
acid (d 1-7) in a sealed tube at 180° for 40 mins. or with hydriodic acid (d 1-7) at 140° for 1 hour 
under Zeisel’s conditions. The methyl ester (VI; R’ = Me) crystallised from methyl alcohol, 
ethyl acetate, or glacial acetic acid in pale yellow prisms, m. p. 188° (Found, in material from 
ethyl acetate dried at 125°: N, 12-1. C,,H,,0;N, requires N, 11-85%). Methylation of 
(VII) gave solely (VI; R’ = H). 

R = 3’-Nitrophenyl (V) [(a) orange-yellow, (b) deep reddish-brown] (J., 1928, 2559). The 
corresponding methyl keto-acid (V1; R’ = H) crystallised from methyl alcohol in pale yellow 
needles, or from acetic acid or ethyl acetate in pale yellow prisms, m. p. 235° (yield, 2-7 g.; 
86%) (Found, in material from ethyl acetate dried at 140° : C, 59-6, 60-0; H, 4-8, 4-7; N, 12-25. 
C,,H,,0,N, requires C, 60-0; H, 4-4; N, 12-3%) [(a), (6), yellow]. The methyl ester (VI; R’ = Me) 
crystallised from dilute acetic acid or ethyl acetate in pale yellow prisms, m. p. 180° (Found : 
N, 12-05. C,gH,,0;N, requires N, 11-85%). Methylation of (VII) gave solely the acid (VI). 

R = 4’-Nitro-2’-methylphenyl (V) [(a), (6) deep red] (J., 1932, 477). The derived acid of 
type (VI) crystallised from acetic acid or ethyl acetate in straw-coloured prisms, m. p. 211° 
(yield, 2-9 g.; 93%) (Found, in material dried at 120°: C, 60-7; H, 5-2; N, 12-05. C,,H,,0O,;N, 
requires C, 60-8; H, 4-8; N, 11-8%) [(a) yellow, (b) orange-brown]. The methyl ester crystal- 
lised from ethyl] acetate in straw-coloured prisms, m. p. 201° (Found : C, 61-8; H, 5-3; N, 11-75. 
CigH,,O,N, requires C, 61-8; H, 5-15; N, 11-4%). Methylation of (VII) gave the ester 
(VI; R’ = Me) and a little of the acid. 

R = 2’-Chloro-4’-nitrophenyl [(a), (6), deep orange-red] (J., 1932, 14). The corresponding 
methylated acid (VI; R’ = H) crystallised from acetic acid in straw-coloured glistening prisms, 
m. p. 218° (yield, 2-7 g.; 87%) (Found: C, 54:6; H, 4-0; Cl, 9-3. C,,H,,0;N,Cl requires 
C, 54:3; H, 3-7; Cl, 9-45%) [(a) yellow, (b) brownish-yellow]. The methyl ester crystallised 
from ethyl acetate in pale yellow glistening prisms, m. p. 210—211° (Found: C, 55-7; H, 4:3; 
Cl, 9-0. C,,H,,0,;N,Cl requires C, 55-5; H, 4-1; Cl, 90%). Methylation of (VII) gave rather 
more ester than acid. 

R = 2’: 6’-Dichloro-4’-nitrophenyl [(a), (b), deep red] (J., 1931, 1079). The acid (VI; 
R’ = H) crystallised from acetic acid in straw-coloured prisms, m. p. 216° (yield, 2-6 g.; 84%) 
(Found: C, 50-3, 50-2; H, 3-2, 3-2; Cl, 17-1, 17-2. C,,H,,0,;N,Cl, requires C, 49-8; H, 3-2; 
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Cl, 17-3%) [(a@) yellow, (6) orange-yellow]. The methyl ester, large pale yellow prisms 
from ethyl acetate, m. p. 186° (Found: Cl, 16-55. C,,H,,O;N;Cl, requires Cl, 16-75%), is 
much more stable to alcoholic potassium hydroxide than the corresponding derivatives from 
p- and m-nitroaniline, which are hydrolysed readily to the N-methyl compounds. Methylation 
of (VII) gave the ester and a trace of acid. 

R = 2’: 6’-Dibromo-4’-nitrophenyl [(a), (b), brownish-red] (J., 1931, 1079). The acid 
(VI; R’=H) crystallised from acetic acid in pale yellow, transparent, rectangular prisms, 
m. p. 240°, containing 1 mol. of acetic acid removed at 140°, the crystals becoming opaque 
(yield, 2-7 g.; 87-5%) (Found, in material dried at 140°: C, 41-1; H, 2-9; N, 83; Br, 32-3, 
C,,H,,;0;N,Br, requires C, 40-9; H, 2-6; N, 8-4; Br, 32-1%) [(a), (6), orange]. The methyl 
ester crystallised from acetic acid in pale yellow prisms, m. p. 215° (Found: Br, 31:4. 
C,,H,,0;N,Br, requires Br, 31-2%). Methylation of (VII) gave mainly (VI; R’ = Me) with 
some acid (VI), the amount of the latter being greater than with the corresponding dichloro- 
compound, but less than with the 2’-chloro-4’-nitrophenyl derivative. 

R = Benzeneazophenyl (V) [(a) orange-brown, (b) deep red] (J., 1932, 1122). 1-Keito-3- 
(benzeneazophenyl)-2-methyltetrahydrophthalazine-4-acetic acid crystallised with difficulty from a 
small amount of dry ethyl acetate in yellow prisms, m. p. 189° (yield, 2-3 g.; 74%) (Found: 
C, 69-25; H, 5-3; N, 13-8. C,3H..O,N, requires C, 69-0; H, 5-0; N, 14-0%) [(a) yellow, 
(b) deep orange], soluble in concentrated hydrochloric acid with a deep magenta-red colour, 
but reprecipitated on dilution. The methyl ester (impure) was obtained as a pale yellow 
amorphous solid (methyl alcohol), insoluble in alkalis, decomposing at 105°. Methylation of 
(VII) gave almost wholly the acid (VI). 

R = p-Nitrobenzeneazophenyl (V) [(a) brownish-red, (b) deep blue] (ibid., p. 1124). The 
methyl ester (VII) crystallised from dilute acetic acid with difficulty and in small yield in 
red prisms, m. p. 105—109°, insoluble in sodium carbonate, but soluble in sodium hydroxide 
with a bluish-violet colour, becoming deep blue on warming owing to hydrolysis. 

1-Keto-3-(4’-nitrobenzeneazophenyl)-2-methyltetrahydrophthalazine-4-acetic acid crystallised from 
acetic acid in brownish-red prisms, m. p. 246° (yield, 2-4 g.; 77%) (Found: C, 61-8; H, 4:5; 
N, 15-35. C,3;H,,0;N, requires C, 62-0; H, 4:3; N, 15-7%), soluble in concentrated hydro- 
chloric acid with a magenta colour [(a) brownish-yellow, (b) brown to olive-brown, the latter 
colour being particularly evident in alcoholic solution and indicating the completion of methyl- 
ation in comparison with the blue colour of the unmethylated compound]. The methyl ester, 
obtained with difficulty and in minute yield, separated from dilute acetic acid on long standing 
as reddish-brown irregular prisms, becoming amorphous and insoluble in alkalis. Methylation 
of (VII) gave solely the acid (VI). 

1-H ydroxy-3-aminoaryl-3 : 4-dihydrophthalazine-4-acetic Acids (V).—R = 4’-Aminophenyl 
(J., 1926, 702). The analytical specimen was not recrystallised, but was obtained pure in 
colourless prisms, m. p. 239°, by addition of hydrochloric acid to a hot solution in sodium 
carbonate (Found: C, 64-6, 64-55, 64-7; H, 5-05, 5-05, 5-1; N, 14-2. C,,H,;O,N, requires 
C, 64-65; H, 5-05; N, 141%). 

R = 3’-Aminophenyl (J., 1928, 2560). The acid was purified similarly ; colourless prisms, m. p. 
252° (Found: C, 64:7; H, 5-05; N, 14:2. C,,H,,;0,N, requires C, 64-65; H, 5-05; N, 14:1%). 

R = 4’-Amino-2’-methylphenyl (J., 1932, 477). When purified similarly, the acid formed 
colourless prisms, m. p. 217° (Found: C, 65-4; H, 5-7; N, 13-6. C,,H,,0,N, requires C, 65:6; 
H, 5-5; N, 13-5%). 

The compounds with R = 2’ : 6’-dichloro(or dibromo)- and 2’-chloro -4’-aminopheny! also 
undoubtedly possess the constitution (V) (cf. analytical data, J., 1931, 1081; 1932, 15). 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. [Received, June 14th, 1933.] 





255. The Elimination of Tertiary Alkyl Groups from Alkylanilines 
by Hydrolysis. 
By W. J. HICKINBOTTOM. 


It has been shown (this vol., p. 946) that those alkylanilines with /ert.-alkyl groups have 
some unusual reactions, but the most striking is the elimination of this group under the 
influence of warm aqueous mineral acid. Each of the amines examined in the present 














Alkyl Groups from Alkylanilines by Hydrolysis. 1071 


investigation, viz., tert.-butyl- (I), amyl- (II), and hexyl-aniline (III), yields aniline when 
heated with 15N-sulphuric acid at 110—140°. Concentrated hydrobromic and hydriodic 
acids and moderately concentrated phosphoric acid have been found to have a similar 
action on ¢ert.-butylaniline. The experimental results are summarised below. 








Heated Yield, g. 
Acid. ‘ A — A ion 
we. « A . for Unchanged 
Amine. g- Concn. Vol., c.c. (hrs.) at Aniline. amine. 
tert.-Butylaniline ......... 2°60 15N-H,SO, 20 14:2 120—140° 0°74 0°87 
o. | iia 2°68 19N-H,SO, 15 85 135—145 0°49 1°57 
a 0°72 Aq. HBr, d 1-49 3 12°5 124—145 0°07 0°48 
Ci 2°73 Aq. HI, 21:7 15 5 130 0°5 0°87 
ie: , enn 0°98 70% HsPO, 15 14°5 140 0°3 0°29 
tert.-Amylaniline ......... 1:12 19N-H,SO, 5 11 110—120 0°08 
-....  ‘seennem 0°77 19N-H,SO, 6 14:3. 125—130 0°25 0°17 
tert.-Hexylaniline ......... 0°75 19N-H,SO, 4 1 125—130 0°13 
- wdneneien 168 15N-H,SO, 10°5 6 120—130 0°65 0°65 
2 hina 3°05 15N-H,SO, 14 10 110—120 0°92 


It is generally assumed that the alkyl groups of the alkylanilines are stable to hot 
aqueous mineral acids, and this is supported by the fact that, whereas many acyl- and 
aryl-sulphonyl derivatives of the alkylanilines have been hydrolysed by mineral acids, 
yet there is no record of the alkyl groups being split off during this operation, although 
this would certainly occur if the alkyl group were sensitive to acid hydrolysis. Further, 
determinations of the behaviour of methyl- and ethyl-anilines towards concentrated 
hydriodic acid under Zeisel’s conditions have shown that none of the ethyl groups is split 
off after 5 hours, while only 3-4% of the methylaniline yields methyl iodide (Goldschmiedt, 
Monatsh., 1906, 27, 849; 1907, 28, 1063). A more exact comparison was instituted by 
heating #-butylaniline with 19N-sulphuric acid at 120—140°. After 30 hours’ heating, 
no primary amine could be detected, and at least 80% of the secondary amine was re- - 
covered as its pure #-toluenesulphonyl] derivative. Further information on the relative 
stability of the tertiary alkyl groups was obtained by heating methyl-¢ert.-butylaniline (IV) 
with 19N-sulphuric acid. The tertiary butyl group was split off, and methylaniline 
obtained; no aniline could be detected in the product. 

There can be, therefore, no reasonable doubt that the tertiary alkyl group in alkyl- 
anilines is unusually sensitive to hot mineral acids and is eliminated under conditions 
which do not affect other alkylanilines. A confirmation of this is provided by the be- 
haviour of the #-toluenesulphony] derivative of ¢ert.-butylaniline (V). When it is heated 
with 15N-sulphuric acid, at least 85% of the ¢ert.-butyl group is eliminated in an hour, 
f-toluenesulphonanilide being formed. The m-nitrobenzenesulphonyl derivative be- 
haves similarly. 

Attempts were made to eliminate the tertiary alkyl group from phenyl-éert.-butyl- 
nitrosoamine by the action of sulphuric acid and so obtain a diazo-compound. The reaction 
was complicated by the elimination of the nitroso-group under the conditions employed, 
but there was evidence of the formation of a small yield of diazo-compound. It is of 
interest that the characteristic colour changes associated with the Liebermann reaction 
could be obtained when the nitrosoamine was treated with sulphuric acid under suitable 


conditions without the addition of phenol. 
Me,C-NH Me,EtC-NH MeEt,C-NH Me,C-NMe 


CO (I.) C) (II.) C) (III.) CO (IV.) 


Me,C*N-SO,"C,H, NH-SO,°C,H, | NHMe 


(V.) (VI.) 
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It was hoped to examine the stability of the nitrated derivatives of ¢ert.-butylaniline 
towards acid hydrolysis. According to the usual views of the effect of the nitro- 
group, they should more readily lose the alkyl group by hydrolysis than the 
unsubstituted amine. It has not yet been possible to test this directly owing to 
difficulties encountered in the nitration of ¢ert.-butylaniline and to lack of material. 
It is, however, possible to obtain evidence on this point from the observations of Morgan 
and Hickinbottom (J. Soc. Chem. Ind., 1924, 48, 307T), who found that di- and tetra- 
nitrodi-p-tolylaminobutanes fairly easily yielded nitrotoluidines by the action of hot dilute 
sulphuric acid, whilst By-di-p-tolylaminobutane is not decomposed under these conditions 
(compare Morgan, Hickinbottom, and Barker, Proc. Roy. Soc., A, 1926, 110, 518, footnote). 


EXPERIMENTAL. 


Action of Aqueous Mineral Acids on Alkylanilines with tert.-Alkyl Groups.—A weighed 
quantity of the amine was heated under reflux with a known amount of the acid specified in the 
above table. When sulphuric acid was used, the elimination of the alkyl group was accom- 
panied by a production of carbonaceous matter and the gradual evolution of sulphur dioxide. 
With phosphoric acid, there was scarcely any darkening, and the solution finally had a strong 
odour of ¢ert.-butyl alcohol. 

After a definite period of heating, the solution was cooled, diluted, filtered (this was only 
necessary with sulphuric acid, see above), and made up to a known volume; an aliquot portion 
was then tested for the presence of aniline by diazotisation. The remainder of the solution 
was rendered alkaline with a slight excess of ammonia, extracted several times with ether, 
the extract dried (potassium carbonate), and the solvent removed at as low a temperature as 
possible. The residual amines were suspended in water, and acetic anhydride was added in 
small quantities till its odour persisted after 2 or 3 minutes. The mixture was then kept for 
some hours, treated with a slight excess of very dilute hydrochloric acid, and extracted several 
times with ether. The ethereal solution thus obtained was washed twice with very dilute 
hydrochloric acid, then with water, and finally dried (magnesium sulphate). Evaporation of 
the solvent left acetanilide, usually contaminated with a trace of the acetyl derivative of the 
secondary amine. It was purified by dissolving it in hot water, and evaporating the filtered 
solution. The weight of acetanilide thus obtained was used to calculate the yield of aniline 
recorded in the table. The purity of the product from each hydrolysis was checked by m. p. 
(112—114°) and mixed m. p. A number of specimens from several experiments were mixed 
and analysed (Found: C, 71-4; H, 6-6. Calc.: C, 71-1; H, 6-7%). 

The aqueous acid solutions remaining after ether extraction of acetanilide yielded the 
unchanged secondary amines on addition of excess of aqueous alkali. In experiments with 
tert.-butyl- and -amyl-aniline, the identity of the secondary amine was determined by conversion 
into the corresponding nitrosoamine. /fert.-Hexylaniline was identified by its picrate 
(this vol., p. 950). The results, for which no high order of accuracy is claimed, are sum- 
marised in the table. The yields of aniline and secondary amine are calculated from the 
weights of pure substances or their derivatives which have been isolated; they represent, 
therefore, minimum amounts present in the mixture. 

For comparison, ”-butylaniline (1-42 g.) was heated with 10 c.c. of 19N-sulphuric acid 
at 120—135° (chiefly at 130—135°). After 30 hours’ heating, the solution was diluted to 
50 c.c., whereupon 1 c.c. gave no test for a primary amine on treatment with nitrous acid and 
alkaline R-salt. After addition of excess of alkali and then p-toluenesulphonyl chloride in 
ether to the remainder, the -toluenesulphonyl derivative of n-butylaniline was obtained 
(2-27 g., m. p. 52—54°), corresponding to 80% of the theoretical amount. A trace of a product 
(0-01 g.) soluble in aqueous alkali was formed, but it could not be crystallised. 

Action of Aqueous Sulphuric Acid on Methyl-tert.-butylaniline—The base (0-64 g.) was 
heated with 2 c.c. of 19N-acid for 13 hours at 120—140° (chiefly at 130—140°). A dark 
solution with a strong odour of sulphur dioxide was obtained. It was diluted to 25 c.c., and 
1 c.c. gave a strong test for a secondary amine. The amine was liberated from a portion of the 
remainder (an undetermined amount was lost accidentally) and p-toluenesulphonated. #- 
Toluenesulphonmethylanilide (0-35 g.), m. p. 92—93°, was obtained. The m. p. was raised to 
94° by two crystallisations from alcohol, and was not depressed by admixture with an authentic 
specimen. A trace (0-01 g.) of a -toluenesulphonyl derivative soluble in aqueous alkali was 
also obtained; unchanged methyl-/ert.-butylaniline amounted to 0-015 g. 
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Action of Aqueous Sulphuric Acid on p-Toluenesulphon-tert.-butylanilide (V): Formation 
of p-Toluenesulphonanilide.—The p-toluenesulphonyl derivative (V) (0-60 g.) was heated with 
4c.c. of 15N-sulphuric acid at 135—145°. There was a brisk frothing during the first 20 mins. 
After 1 hour, the product consisted of an almost colourless lower acid layer covered with a 
brownish viscous oil. It was diluted with water, the oil taken up in ether, and the extract 
shaken several times with dilute aqueous alkali. Evaporation of the ethereal solution left 
0-01 g. of unchanged #-toluenesulphonyl derivative. Acidification of the alkaline extracts 
furnished 0-41 g. of crystalline solid, m. p. 98—100°, raised to 101—102° after 3 crystallisations 
from aqueous alcohol. It was identified as p-toluenesulphonanilide by analysis (C, 63-2; 
H, 5-2; N, 5-6. Calc. : C, 63-1; H, 5-3; N, 5-7%), m. p., and mixed m. p.; yield 85%. 

Action of Aqueous Sulphuric Acid on m-Nitrobenzenesulphon-tert.-butylanilide : Formation 
of m-Nitrobenzenesulphonanilide.—15N-Sulphuric acid (4 c.c.) and 0-40 g. of the m-nitrobenzene- 
sulphonyl derivative were heated together for 35 mins. at 100—120°, then at 120—130° for 
20 mins., and thereafter for 3 hours at 130—135°. The dark oil floating on the surface of the 
acid was taken up in ether after dilution with water. Treatment of the ethereal solution with 
aqueous alkali and subsequent acidification of the alkaline extract yielded 0-27 g. of m- 
nitrobenzenesulphonanilide, m. p. 121—122°, raised to 122—123° (also mixed m. p.) after 
crystallisation from alcohol; yield 82%. 0-02 G. of unchanged material was recovered. 

Action of Sulphuric Acid on Phenyl-tert.-butylnitrosoamine.—When the powdered nitroso- 
amine is treated with concentrated sulphuric acid, it masses together and assumes a deep 
brown colour. It gradually dissolves with a slight evolution of gas to give a solution which is 
only feebly tinted. When it is poured on ice, a brownish solution is obtained, which becomes 
turbid on shaking and then deposits the crystalline nitrosoamine, m. p. 59—61°, mixed m. p. 
with phenyl-iert.-butylnitrosoamine 60—62°. The aqueous solution gives a slight test for a 
diazo-compound and contains free nitrous acid. 

When the nitrosoamine (0-56 g.) is added to concentrated sulphuric acid (3 c.c.) without any 
external cooling, the solution becomes warm and green, nitrous fumes being evolved; addition 
of 3 c.c. of 19N-sulphuric acid and warming to 45° for 1 hour produced a deep reddish-brown © 
colour. This solution was poured on ice and extracted several times with ether, and when the 
extract was shaken with aqueous alkali, the aqueous layer assumed an intense green colour 
which changed to red on acidification and became green again on adding excess of alkali. 

The acid aqueous layer remaining after this ethereal extraction gave a deep red colour when 
poured into alkaline B-naphthol. The precipitate thus formed was collected, dissolved in 
ether, and the solution filtered from inorganic matter. Evaporation yielded an azo-compound 
(0-05 g.). 

Many attempts were made to find more satisfactory conditions for the preparation of a 
diazo-compound from the nitrosoamine, but the yield was always small. 


UNIVERSITY OF BIRMINGHAM. [ Received, June 29th, 1933.) 





256. Synthetical Experiments in the Chromone Group. Part VIII. 
Derivatives of o-Hydroxy-, 2: 5-Dihydroxy-, and 2: 4: 5-Trthydroxy- 
acetophenone. 

By TarA C. CHADHA and KRISHNASAMI VENKATARAMAN. 


AN earlier statement of Bhullar and one of us (J., 1931, 1165), that Robinson’s chromone 
condensation is inapplicable to o-hydroxyacetophenone, must be modified because the 
action of benzoic anhydride and trimethylgallic anhydride on the ketone has now given small 
amounts of flavone and 3’: 4’ : 5’-trimethoxyflavone respectively. More satisfactory results 
were obtained with 2: 5-dihydroxyacetophenone: benzoylation, anisoylation, and tri- 
methylgalloylation, followed by vigorous hydrolysis, led to 6-hydroxyflavone, 6-hydroxy- 
4'-methoxyflavone, and 6-hydroxy-3' : 4’ : 5'-trimethoxyflavone respectively. Demethylation 
of the last compound gave 6: 3’ : 4’ : 5’-tetrahydroxyflavone. Similarly, by the action of 
benzoic anhydride on 2 : 4 : 5-trihydroxyacetophenone, was obtained 6 : 7-dihydroxyflavone, 
very pale cream-coloured needles, m. p. 254°, described by Reigrodski and Tambor (Ber., 
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1910, 43, 1964) as microscopic prisms, m. p. 135° (with loss of 1H,O), and by Hattori (Acta 
Phytochim., 1932, 6, 131) as melting at 250°. Primetin, its 5: 6-isomeride, has been 
isolated from Primula modesta by Nagai and Hattori (b7d., 1930, 5, 1). 

For reasons explained in Part VII (J., 1932, 1108) the dyeing properties and colour 
reactions of 6 : 3’ : 4’ : 5’-tetrahydroxy- and 6 : 7-dihydroxy-flavone are recorded. Although 
the dihydroxyflavone is a definitely weaker dye than the 7 : 8-isomeride (J., 1929, 2219), 
doubtless owing to the proximity to the pyrone oxygen of the hydroxyls of the latter, its 
dyeing properties compare favourably with those of 6:3’: 4’ : 5’-tetrahydroxyflavone, 
which has two more hydroxyls: hydroxyl groups in the fused benzene ring in a flavone 
appear to have greater auxochromic effect than hydroxyls in the 2-pheny] ring. 

2: 4: 5-Trihydroxyacetophenone, previously prepared by Bargellini and Avrutin (Gaz- 
zetta, 1911, 40, ii, 342, 347), and Badhwar and Venkataraman (J., 1932, 2420), has now been 
obtained by the methods of (a) Hoesch, (b) Friedel and Crafts, (c) Nencki. Mauthner (J. 
pr. Chem., 1933, 136, 213) has prepared it by the Fries and by the Hoesch method, but has 
ascribed to it the structure of 2:3: 5-trihydroxyacetophenone. It is undoubtedly the 
2:4: 5-trihydroxy-compound, because (1) quinol does not undergo the Hoesch or the 
Nencki reaction (we have found that the interaction of quinol with acetic acid and zinc 
chloride, in the presence or absence of acetic anhydride, leads only to the O-diacetyl deriv- 
ative; see also Baker and Eastwood, J., 1929, 2900), and (2) the Robinson reaction with 
the ketone yields a flavone which has the properties of a catechol derivative and is rightly 
represented as 6 : 7-dihydroxyflavone. 

The possibility of 3-acylation during the Robinson reaction with hydroxypheny] methyl 
ketones has been the source of confusion and experimental difficulty in recent syntheses of 
chromones (Bhullar and Venkataraman, Joc. cit.; Anderson, Canadian J. Research, 1932, 
7, 285). In order, therefore, to devise a modification of the procedure which would preclude 
3-acylation and to provide incidentally a preliminary test of the commonty assumed 
mechanism of the reaction (see also Wittig, Baugert, and Richter, Annalen, 1925, 446, 155) 
attempts were made to effect closure to the y-pyrone ring in O-acyl derivatives of 2-acetyl- 
l-naphthol. Heating 2-acetyl-l-naphthyl benzoate with sodium benzoate or with zinc 
chloride did not lead to any crystalline material. 2-Acetyl-l-naphthol was recovered after 
hydrolysis when its benzoate was treated with phosphorus oxychloride and chloroform or 
heated with (a) sodium acetate and (b) acetic anhydride and sodium acetate. On treat- 
ment of the benzoate with sodium benzoate and benzoic anhydride, 3-benzoyl-«-naphtha- 
flavone was obtained. 2-Phenylacetyl-l-naphthyl acetate, in which the w-phenyl may be 
expected to facilitate chromone formation (Cheema and Venkataraman, J., 1932, 918), 
gave no chromone on treatment with zinc chloride, was unchanged by acetic anhydride, 
and was converted into 2-phenylacetyl-l-naphthol by sodium acetate. Other negative 
results obtained with a variety of dehydrating agents and experimental conditions are not 
recorded. 

EXPERIMENTAL. 


2:4: 5-Trihydroxyacetophenone.—(a) Dry hydrogen chloride was passed for 8 hours into a 
mixture of hydroxyquinol (2-4 g.), acetonitrile (1 g.), zinc chloride (1 g.), and dry ether (20 c.c.) 
cooled in ice. After 4 days’ keeping at 0°, the ether was decanted, and the solid washed with 
ether and boiled with water (50 c.c.) for 2 hours in a current of carbon dioxide. From the cooled 
solution, ether extracted 2: 4: 5-trihydroxyacetophenone, which crystallised from water in 
golden-yellow, stout, long, prismatic needles (0-8 g.), m. p. 206—207° (Bargellini and Avrutin, 
200—202°; Mauthner, 206—207°) (Found: C, 57-0; H, 4:8. Calc.: C, 57-1; H, 48%). 
The triacetyl derivative crystallised from alcohol in colourless needles, m. p. 110° (Mauthner, 
106—107°) (Found: C, 57-0; H, 4-6. Calc.: C, 57-2; H, 4:8%). 

(b) To a mechanically stirred mixture of hydroxyquinol triacetate (15 g.), aluminium chloride 
(15 g.), and nitrobenzene (100 g.), heated on the steam-bath till no more hydrogen chloride was 
evolved and then cooled to room temperature, acetyl chloride (5 g.) was added drop by drop. 
The mixture was finally heated on the steam-bath for 4 hours, cooled, and treated with ice— 
hydrochloric acid, and the nitrobenzene removed by steam-distillation. The ketone was isolated 
from the aqueous residue as in the previous case (3 g.). 

(c) Fused powdered zinc chloride (6 g.) was dissolved in acetic acid (8 g.) at 140°, and acetic 
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anhydride (8 g.) added, followed by hydroxyquinol (10 g.). The solution was kept at 145—150° 
for 1 hour, finally becoming claret-red, and was then poured into a saturated solution of sodium 
hydrogen sulphite. Ether (250 c.c.) extracted the trihydroxyacetophenone, which was crystal- 
lised from sulphurous acid and then from water (yield, 4-2 g.). 

Flavone.—o-Hydroxyacetophenone (2 g.), benzoic anhydride (20 g.), and sodium benzoate 
(4 g.) were heated together at 180—185° for 6 hours, the product boiled with 10% alcoholic 
potassium hydroxide (100 c.c.) for } hour, most of the alcohol removed in a vacuum, and the 
residue poured into water. Pale yellow needles (0-3 g.), m. p. 99°, from light petroleum (b. p. 
30—50°) (Found: C, 81:2; H, 4-4. Calc. for C,;H,,O,: C, 81-1; H, 45%). 

3’: 4’ : 5’-Trimethoxyflavone.—This was prepared from trimethylgallic anhydride by the 
above method. The product was dissolved in hot acetic acid, and a few drops of concentrated 
sulphuric acid and then hot water added. Repeated crystallisation from alcohol gave a very 
small amount of pale yellow needles, m. p. 150—151° [Found (microanalysis by Schoeller) : C, 
61-9; H, 5-9; loss at 120°, 10-5. Calc. for C,,H,,0,;,2H,O: C, 62-1; H, 5-7; H,O, 10-4%]. 
The m. p. of the dehydrated substance was 174—175° (Hattori, Acta Phytochim., 1932, 6, 131, 
gives m. p. 174—175°). 

6-Hydroxyflavone, prepared from 2: 5-dihydroxyacetophenone (4 g.), benzoic anhydride 
(35 g.), and sodium benzoate (7 g.) and purified through the acetyl derivative (1-8 g.), m. p. 159°, 
formed colourless needles, m. p. 234° (Kostanecki, Levi, and Tambor, Ber., 1899, 32, 331, describe 
dark yellow needles, m. p. 231—232°) (Found: C, 75-5; H, 4:3. Calc. for C,;H 4,03: C, 75-6; 
H, 42%). 

6-Hydroxy-4’-methoxyflavone, prepared from 2: 5-dihydroxyacetophenone (1-5 g.), anisic 
anhydride (10 g.), and sodium anisate (3 g.), formed, after two crystallisations from alcohol, 
long colourless needles (0-6 g.), m. p. 249° (Found: C, 71-6; H, 4:5. C,gH,,O, requires C, 71-6; 
H, 45%). The yellow solution in sulphuric acid has a green fluorescence, and an alcoholic 
solution gives no coloration with ferric chloride. The acetyl derivative crystallises from alcohol 
in colourless needles, m. p. 161° (Found: C, 69-7; H, 4:4. C,gH,,0,; requires C, 69-7; H, 
45%). 

6-Hydroxy-3’ : 4’ : 5’-trimethoxyflavone——The product obtained from 2 : 5-dihydroxyaceto- 
phenone (5 g.), trimethylgallic anhydride (40 g.), and sodium trimethylgallate (7 g.), after alkaline 
hydrolysis and precipitation with carbon dioxide, was redissolved in cold 3% aqueous sodium 
hydroxide (charcoal; } hour) and again precipitated by carbon dioxide. The acetyl derivative, 
after repeated crystallisation from alcohol, formed colourless needles (0-4 g.), m. p. 185° [Found 
(micro) : C, 64-9; H, 5-0. C,,.H,,0, requires C, 64-9; H, 4-9%]. Hydrolysis with 5% alcoholic 
potassium hydroxide and acidification, followed by two crystallisations from aqueous alcohol, 
gave very pale orange plates, m. p. 232—233° [Found (micro): C, 65:5; H, 4:8. Cy gH 1.0, 
requires C, 65-9; H, 4:9%]. The bright yellow solution in sulphuric acid has a weak green 
fluorescence, and an alcoholic solution gives no coloration with ferric chloride. 

6:3’: 4’: 5’-Tetrahydroxyflavone.—The preceding acetate was demethylated with boiling 
hydriodic acid—acetic anhydride. The crude product was purified via the acetyl derivative, 
which crystallised from alcohol—acetic acid in colourless needles, m. p. 258—259° [Found (micro) : 
C, 60°6; H, 4:1. C,3H,,04, requires C, 60-8; H, 40%]. Hydrolysis with alcoholic potassium 
hydroxide and crystallisation from aqueous alcohol gave 6: 3’: 4’ : 5’-tetrahydroxyflavone in 
yellow needles, m. p. 347° [Found (micro) : C, 55-6; H, 4:4; loss at 150°, 11:3. C,;H4)90.,2H,O 
requires C, 55-9; H, 4:3; H,O, 11-2%]. The substance forms a bright yellow, non-fluorescent 
solution in sulphuric acid and a bright red solution in aqueous sodium hydroxide; an alcoholic 
solution gives an intense green colour with ferric chloride (changing to reddish-brown with 
aqueous ammonia), a deep yellow with magnesium and hydrochloric acid, and a deep reddish- 
brown (changing slowly to pale greenish-brown and finally to a brown precipitate) with sodium 
amalgam. The shades produced on wool mordanted with aluminium, chromium, iron, and tin 
are cream, yellowish-brown, dark green, and lemon-yellow respectively. 

6 : 7-Dihydroxyflavone.—The crude flavone (1-1 g.), obtained from 2: 4: 5-trihydroxyaceto- 
phenone (2 g.), benzoic anhydride (25 g.), and sodium benzoate (4 g.), was boiled with 5% 
aqueous sodium hydroxide for 20 minutes (in order to eliminate a by-product, isolable by frac- 
tional crystallisation ; m. p. 278—281°, probably the 3-benzoyl derivative), and carbon dioxide 
passed through the deep orange solution. The orange-brown precipitate, after two crystallis- 
ations from aqueous acetic acid—alcohol (charcoal), formed very pale cream-coloured, silky 
heedles, m. p. 254° [Found (micro) : C, 70-7; H, 4:1. Calc. for C;;H,,O,: C, 70-9; H, 3-9%]. 
The substance gives a colourless non-fluorescent solution in sulphuric acid (Reigrodski and 
Tambor, Joc. cit., record green colour and green fluorescence) and a bright yellow solution in 
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aqueous sodium hydroxide: An alcoholic solution gives an intense green colour with ferric 
chloride (turning violet-brown with aqueous ammonia), a bright yellow with magnesium and 
hydrochloric acid, a pale orange with sodium amalgam, and a greenish-yellow gelatinous preci- 
pitate with lead acetate. With aluminium, chromium, iron, and tin mordants, the shades pro- 
duced on wool are cream, yellowish-brown, chocolate, and pale yellow respectively. 

The acetyl derivative crystallised from aqueous alcohol in colourless needles, m. p. 201° 
(Reigrodski and Tambor give 195°) [Found (micro) : C, 67-2; H, 4:1. Calc. for C,,H,,0, : C, 
67-5; H, 4:1%]. 


FORMAN CHRISTIAN COLLEGE, LAHORE. [Received, May 8th, 1933.] 





257. Walden Inversion in the Glucose Series. Derivatives of Alltrose. 
By Davip S. MATHERS and GEORGE J. ROBERTSON. 


THE exact means by which Nature effects fundamental transformations in the sugar 
group remains shrouded in obscurity, but a little light has been thrown on the subject 
by Robinson (Nature, 1927, 120, 44), whose conception of Walden inversion within 
the sugar molecule gives a rational explanation of such changes as the interconver- 
sion of isomeric sugars. The conversion of glucose into galactose by the mammary glands 
during lactation is thus attributed to a Walden inversion on carbon atom number 4, 
which is conditioned by the enzymatic hydrolysis of a glucose-4-phosphoric acid. Direct 
experimental corroboration of this hypothesis is lacking, but it is strongly supported by 
the results now communicated. We have succeeded in transforming a derivative of 
glucose smoothly and in one operation into a derivative of altrose. It is not yet clear 
how far our method is of general application, but the whole problem is being explored 
in this laboratory. 

The suitability of the 4:6-benzylidene methylglucosides as starting points in the 
synthesis of partially methylated glucoses was first demonstrated by Irvine and Scott 
(J., 1913, 103, 585) in their synthesis of 2 : 3-dimethyl glucose. It was considered desirable 
to extend this work to the preparation of 4: 6-dimethyl glucose. The general line of 
approaching the problem is illustrated in the following scheme. 


CH-OCH, CH-OCH, CH-OCH, CH-OCH, H-OCH, 
CH-OH | Gor Acid CH-OR | GOR Alkaline | CH-OH 
mn = 
CH-OH —> QCH-OR ijarnipe OCH-OR —> OCH-OR bdrolysis  CH-OH 
| <0 b=, | CH-OH | CH-OCH, boom 
CH cHPh CH HPh LCH LCH CH 
CH,:0 CH,-O CH,-OH CH,OCH, CH,:OCH, 


The main difficulty in this apparently straightforward process lies in the discovery 
of a substituent which will act as a temporary but adequate protection for the hydroxyl 
groups in positions 2 and 3. The acetyl group cannot be used for this purpose because 
of complications which ensue through catalytic migration of the acetyl groups during 
the subsequent methylation. For the same reason, it was considered doubtful if the use 
0: the benzoyl group would prove satisfactory, and this doubt was fully substantiated by 
experiment. 2 : 3-Dibenzoyl 4 : 6-benzylidene «-methylglucoside is a crystalline substance 
which, on partial hydrolysis, yields 2 : 3-dibenzoyl «-methylglucoside as a clear golden- 
yellow glass. The methylation of this substance was accompanied by a serious loss in 
benzoyl content. The impure 2: 3-dibenzoyl 4: 6-dimethyl a-methylglucoside was sub- 
mitted to alkaline hydrolysis, precautions being taken to eliminate unchanged material, 
and also tetra- or penta-methyl glucoses, which might have originated through the loss 
of benzoyl groups and subsequent methylation of the hydroxyl groups thus exposed. A 
syrup was isolated which had the empirical composition of a dimethyl methylglucoside. 
This syrup was condensed with -toluenesulphonyl chloride and crystalline 2 : 3-di-p- 
toluenesulphony] 4 : 6-dimethyl «-methylglucoside was isolated in 54% yield. From this 
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result, it is apparent that although 4: 6-dimethyl «-methylglucoside is present to the 
extent of 54%, the final product is a mixture of isomeric dimethyl «-methylglucosides. 
In all probability the loss of benzoyl content during methylation is accompanied by catalytic 
migration of the benzoyl groups. 

In a subsequent series of experiments, #-nitrobenzoyl chloride was used in place of 
benzoyl chloride in condensations with 4: 6-benzylidene «-methylglucoside. 2 : 3-Di-p- 
nitrobenzoyl 4 : 6-benzylidene «-methylglucoside is a crystalline substance which gives a 
crystalline 2 : 3-di-p-nitrobenzoyl «-methylglucoside on partial hydrolysis. The methylation 
of this substance was, however, attended by complications similar to those described in 
the case of the analogous dibenzoyl derivative, and the investigation was abandoned. 

A third series of experiments, in which the hydroxyl groups in positions 2 and 3 were 
protected by means of condensation with #-toluenesulphony! chloride, gave unexpected 
results. When 2: 3-di-f-toluenesulphonyl 4 : 6-benzylidene «-methylglucoside (I) (Ohle 
and Spencker, Ber., 1928, 61, 2387; Mathers and Robertson, this vol., p. 696) was submitted 
to gentle hydrolysis, the benzylidene residue was readily removed, with the production of 
2: 3-di-p-toluenesulphonyl a-methylglucoside (II), which could not be obtained in a crystalline 
state but was readily converted into crystalline 2 : 3-di-p-toluenesulphonyl 4 : 6-dimethyl 
a-methylglucoside (III), in almost theoretical yield. The yield of this compound is important, 
as it excludes the possibility of p-toluenesulphonyl rearrangement during the methylation. 
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The alkaline hydrolysis of 2 : 3-di-p-toluenesulphony]l 4 : 6-dimethyl «-methylglucoside 
followed an unexpected course, and two distinct products were isolated: a crystalline 
dimethyl anhydromethylhexoside, (A), in 66% yield, and a syrup, (B), which had the 
empirical composition of a dimethyl methylhexoside, in 26% yield. Part of the syrup (B), 
which was expected to consist essentially of 4 : 6-dimethyl a-methylglucoside, (IVa), was 
recondensed with #-toluenesulphonyl chloride and yielded a crystalline di-f-toluenesul- 
phony] derivative in 75% yield, which, however, was not identical with the starting material, 

4B 
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2 : 3-di-f-toluenesulphonyl 4 : 6-dimethyl «-methylglucoside (III). If the possibility of 
the migration of methyl groups is discounted, the production of this isomeric di-p-toluene- 
sulphonyl derivative may only be explained on the assumption that a Walden inversion 
has taken place during the alkaline hydrolysis of the original ester, with the consequent 
production of a derivative of an isomeric hexose. The work of Phillips (J., 1923, 123, 
44; 1925, 127, 399), who has shown that the alkaline hydrolysis of #-toluenesulphonic 
esters may be accompanied by almost complete Walden inversion, supplies good confirmatory 
evidence for this view. 

In the case under discussion, two #-toluenesulphonyl residues are involved in the 
hydrolysis, from which it follows that inversion may occur at position 2 or 3 or at both. 
Three configurations therefore come under consideration, (IV), (I[Vc), and (IVd); i.<., 
the syrup, (B), consists essentially of a derivative of mannose, allose, or altrose. The 
possibility of a mixture is to a large extent excluded by the yield of the new isomeric 
di-p-toluenesulphonyl derivative. Further evidence was obtained by submitting the 
syrup, (B), to methylation, whereupon a syrup corresponding with a tetramethyl methyl- 
hexoside was isolated. The fully methylated substance showed [«]p + 145-6° in absolute 
alcohol. Tetramethyl «-methylmannoside shows [«]p + 75-5° in the same solvent. 
Hydrolysis of the glucosidic methyl group yielded a syrup which partially crystallised, and 
from which a crystalline tetramethyl hexose was isolated in small amount. The new 
sugar melted at 76—78° and showed [«]) + 97-4° in absolute alcohol. Tetramethyl 
mannose is a syrup and is almost inactive, but the above physical constants indicated 
tetramethyl glucose, an idea which was definitely disproved by the fact that a mixture 
of the new sugar derivative with an authentic specimen of tetramethyl glucose (m. p. 82°) 
melted at 65—70°. Glucose and mannose may therefore be dismissed from consideration, 
and of the remaining possibilities the altrose configuration is preferred for reasons which 
are developed below. The crystalline di-f-toluenesulphonyl derivative is tentatively 
described as 2 : 3-di-p-toluenesulphonyl 4 : 6-dimethyl «-methylaltroside, and the tetramethyl 
hexose as 2: 3: 4: 6-tetramethyl altrose. 

The crystalline product of alkaline hydrolysis, (A), was proved by analysis to correspond 
with a dimethyl anhydromethylhexoside. This was confirmed by the fact that when 
submitted to repeated methylation it was recovered entirely unchanged. Moreover, it 
reacted neither with acetic anhydride nor with #-toluenesulphonyl chloride. When the 
complication due to the Walden inversion is admitted, it becomes clear that this anhydro- 
compound may be related to any one of the four configurations indexed as (IVa), (IV), 
([Vc), and (I[Vd). The anhydro-linkage is obviously between positions 2 and 3, and is 
therefore of the ethylene oxide type. From a consideration of the strain involved in 
such a linkage, it is reasonable to suggest that the elimination of the elements of water 
is much more likely to take place in the cases in which the hydroxyl groups in question 
are in the cis-position, 7.e., anhydro-formation is more probable in cases (IVb) and (IVc). 
It follows that the substance under discussion is either 4: 6-dimethyl 2 : 3-anhydro- 
a-methyl-mannoside (V) or -alloside (Va). This argument may also be used to emphasise 
our preference for the altrose configuration proposed for the crystalline substances derived 
from the syrup (B). Our previous argument narrowed the choice to allose and altrose, 
but since anhydro-formation has also been proved to take place during the reaction, it 
seems probable that if the allose configuration were produced it would immediately undergo 
dehydration to give the anhydro-derivative. 

It is now possible to suggest a mechanism for the alkaline hydrolysis of 2 : 3-di-p- 
toluenesulphony] 4 : 6-dimethy]l «-methylglucoside which is in harmony with the argument 
developed above. Hydrolysis of the f-toluenesulphonyl groups is accompanied by a 
complete inversion of hydrogen and hydroxyl on carbon atom number 2, simultaneously 
with a partial inversion on carbon atom 3, so that a mixture of derivatives of mannose 
and altrose results. The mannose derivative immediately undergoes dehydration to 
give an anhydro-compound, while the altrose derivative, in which the hydroxyl groups 
are in the ¢vans-position, is unaffected. The preponderance of the anhydro-compound 
over the simple sugar derivative may be quoted as confirmation of this view. It is recog- 
nised, however, that an alternative explanation does exist. Complete inversion on carbon 
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atom 3 accompanied by partial inversion on carbon atom 2 leads to similar results, with 
the essential difference that the anhydro-compound becomes a derivative of allose. Further 
research is necessary before a definite configuration can be ascribed to this crystalline 
dimethyl anhydro-methylhexoside. 






EXPERIMENTAL. 


2: 3-Dibenzoyl 4: 6-benzylidene a-methylglucoside was prepared by a variation of the 
method due to Ohle and Spencker (Ber., 1928, 61, 2392; cf. Mathers and Robertson, Joc. cit.). 

2 : 3-Dibenzoyl a-Methylglucoside.—2 : 3-Dibenzoy] 4 : 6-benzylidene «-methylglucoside (10 g.) 
was dissolved in acetone (200 c.c.) containing 0-25% hydrogen chloride, and the solution boiled 
until the rotation became constant (6$ hours): [«]p + 150-1° (calculated on weight of starting 
material), or + 183° (calculated on theoretical amount of dibenzoyl «-methylglucoside formed). 
The solution was neutralised with barium carbonate, the acetone and liberated benzaldehyde 
were removed by distillation in steam, and the residue was thoroughly extracted with chloroform. 
After drying (sodium sulphate) and removal of the solvent, 2 : 3-dibenzoyl a-methylglucoside was 
obtained as a yellow glass in theoretical yield. It was insoluble in light petroleum, but easily 
soluble in ether, acetone, benzene, and chloroform. It showed [a«]p + 154:4° (c = 1-202 in 
absolute alcohol); + 102-5° (c = 2-966 in chloroform) (Found: OCH;, 7:2; C,H,°CO, 53-7. 
Cy,;H.,O, requires OCH;, 7-7; CgH,°CO, 52-2%). 

Methylation of 2 : 3-Dibenzoyl «-Methylglucoside.—The material obtained above was methylated 
in the usual way with methyl iodide and silver oxide. One methylation raised the methoxyl 
content to 17-3% (C,3;H,,O, requires OCH,, 21-6%), and three further methylations raised it 
to 20-5%, but a benzoyl estimation on the product thus obtained gave the value 43-3% (Calc. : 
488%). Methylation is therefore accompanied by a partial displacement of benzoyl groups, 
and the impure product, which was a yellow glass, could not be crystallised. 

Alkaline Hydrolysis of Impure 2: 3-Dibenzoyl 4 : 6-Dimethyl a-Methylglucoside.—The material 
(14:2 g.) was dissolved in alcohol (190 c.c.) and an equal volume of 0-5N-potassium hydroxide 
was gradually added to the boiling solution. After 3 hours’ boiling, the alcohol was removed 
by distillation under diminished pressure, and the residue just acidified with hydrochloric acid, 
then neutralised with barium carbonate. After filtration, the solution was thoroughly extracted 
with chloroform. The extract yielded a brown gum (2:3 g.), which consisted of unhydrolysed 
material together with any trimethyl and tetramethyl a-methylglucosides which may have 
resulted through the loss of benzoyl content during the methylation. The aqueous solution 
was now evaporated to dryness, and the residue extracted with boiling chloroform. This 
extract yielded a thick syrup (4:5 g.; 61%) which was distilled in a vacuum; b., p. 155° (bath 
temperature) /0-03 mm. This colourless viscous syrup, which had mp 1-4731, [a]p + 165-7° 
(¢ = 1-865 in chloroform), neither reduced Fehling’s solution nor decolorised a solution of 
bromine in carbon tetrachloride (Found: OCH;, 39-5. C,H,,0, requires OCH;, 41-9%). 
Part of this syrup (1-4 g.) was condensed with p-toluenesulphony] chloride in pyridine (Ohle, 
loc. cit.), and yielded a yellow gum (3-0 g.; 90%), which slowly crystallised on treatment with 
methyl alcohol. The yield of crystalline material was 1-8 g. (54%). It had m. p. 113—115° 
(t]p + 55-0° (c = 2-689 in chloroform) ; a mixture with 2 : 3-di-p-toluenesulphony] 4 : 6-dimethyl 
a-methylglucoside, m. p. 116—117°, melted at 114—116°. The final product therefore contains 
at least 54% of 4: 6-dimethy] «-methylglucoside. It is probable that the remainder consists 
of isomeric sugars formed by the catalytic rearrangement of benzoyl groups during the 
methylation. 

2: 3-Di-p-nitvobenzoyl 4: 6-Benzylidene a-Methylglucoside—Benzylidene a-methylglucoside 
(5-2 g.) was dissolved in pyridine (10 c.c.), and a solution of p-nitrobenzoyl chloride (10-3 g.) 
in chloroform added gradually. After 4 days, more chloroform was added, and the solution 
was washed with dilute hydrochloric acid, dilute sodium carbonate solution, and finally with 
water; after drying (sodium sulphate) and removal of the solvent, it yielded 9-0 g. (85%) of 
crystalline material, m. p. 165—167°. Crystallisation from alcohol—chloroform (10:1) raised 
the m. p. to 169—170°. 2: 3-Di-p-nitrobenzoyl 4: 6-benzylidene a-methylglucoside crystallises 
in colourless needles, [«]p -+ 127-7° (c = 2-635 in chloroform) (Found : OCHsg, 5-37. C,gH,O,,N, 
requires OCHs, 535%). 

2: 3-Di-p-nitrobenzoyl a-Methylglucoside——The removal of the benzylidene residue was 
effected in the manner described for the analogous dibenzoyl derivative. 10-0 G. of starting 
material gave 8-5 g. of a hard glass which crystallised from alcohol in white needles, m. p. 
143—155°, not sharp after recrystallisation (Found: OCHs;, 6-25. C3,;H»,O,,N, requires 


OCH,, 6-30%). 
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Methylation of this glucoside in the usual way gave a product which contained 18-4% of 
methoxyl as compared with a theoretical value of 17-9%. A second methylation raised the 
methoxyl content to 20-5%. 

2 : 3-Di-p-toluenesulphonyl 4 : 6-benzylidene «-methylglucoside was prepared by a variation 
of the method due to Ohle (loc. cit.). The benzylidene residue was removed as described for 
the corresponding dibenzoate, and 2: 3-di-p-toluenesulphonyl a-methylglucoside was obtained 
in theoretical yield as an uncrystallisable glass; [a], + 58-5° (c = 3-026 in chloroform) (Found: 
OCH;, 6-36. C,,H,.0. 5, requires OCH;, 6-2%). Methylation with methyl iodide and silver 
oxide gave a theoretical yield of 2: 3-di-p-toluenesulphonyl 4: 6-dimethyl a-methylglucoside; 
colourless needles, m. p. 116—117°, from methyl alcohol; [a]p + 54-7° (¢ = 3-027 in chloro- 
form); + 63-8° (c = 1-538 in acetone) (Found: OCHs, 17-2. C,3H3gQi9S, requires OCH,, 
17-55%). 

Alkaline Hydrolysis of 2: 3-Di-p-toluenesulphonyl 4:6-Dimethyl a-Methylglucoside.—The 
crystalline material (50 g.) was dissolved in hot alcohol containing an equal volume of 2N- 
potassium hydroxide, and the solution was boiled for 3 hours. A dark brown coloration rapidly 
developed, and it was impossible to follow the reaction polarimetrically. The cooled solution 
was neutralised with sulphuric acid and evaporated to dryness under low pressure. The 
residue was thoroughly extracted with hot chloroform, and removal of the solvent from the 
filtered extract yielded a syrup (29 g.); this was again dissolved in chloroform, and the solution 
thoroughly extracted with water. The aqueous extract yielded a syrup (5-5 g.); the chloroform 
solution was again evaporated to dryness, the residue was dissolved in benzene, and the solution 
thoroughly extracted with water. This: extract yielded a syrup (A), which crystallised 
spontaneously (9 g.). The benzene solution was now found to contain unchanged 2: 3-di-p- 
toluenesulphonyl 4 : 6-dimethyl a-methylglucoside (11-1 g.). 

The syrup (5-5 g.) was distilled in a vacuum. A small first fraction (1 g.), b. p. 121—130° 
(bath temperature) /0-8 mm., crystallised in the receiver, and proved to be identical with the 
crystalline material mentioned above. The remainder distilled at 150—155° (bath temperature) / 
0-8 mm. and formed a colourless syrup, (B) (4-2 g.). The material (A) proved to be a dimethyl 
anhydro-methylhexoside, and (B) to have the empirical composition of a dimethyl methyl- 
hexoside. The yields of (A) and (B) calculated on the basis of 39 g. of starting material are 
approx. 66% and 26% respectively. 

Examination of the Syrup (B).—This substance had ny 1-4730, [«]p + 138-9° (c = 2-225 in 
water) (Found: OCHs, 41-1. C,H,,0, requires OCH;, 41-9%); it did not reduce Fehling’s 
solution nor did it decolorise a solution of bromine in carbon tetrachloride. Part of the syrup 
(1 g.) was condensed with p-toluenesulphonyl chloride in the usual way. The product was a 
glass (2-2 g.; 92%) which slowly crystallised. Recrystallisation from methyl alcohol gave 
1-8 g. (75%) of a crystalline 2: 3-di-p-toluenesulphonyl 4: 6-dimethyl «-methylhexoside, 
m. p. 132—134°, [a] + 103-3° (c = 1-133 in chloroform). On admixture with 2: 3-di-p- 
toluenesulphonyl 4 : 6-dimethyl «-methylglucoside, m. p. 116°, the m. p. was depressed to 
101—105° (Found : OCHs, 17-36. C,3H 390495, requires OCH;, 17-55%). The new substance 
is considered to be 2: 3-di-p-toluenesulphonyl 4 : 6-dimethyl a-methylaltroside. 

Methylation of the Syrup (B).—The syrup (2 g.) was methylated with methyl iodide and 
silver oxide. After three treatments, the product (2 g.) had mp 1-4476 and a methoxyl content 
of 58-7% as compared with mp 1-4464 and 62% for tetramethyl methylglucoside. The low 
methoxyl content is without doubt due to the presence of slight traces of the anhydro-derivative 
from which it was separated. The fully methylated syrup showed [«]p + 145-6° (c = 5-013 in 
alcohol) (cf. tetramethyl «-methylmannoside, which shows [a]) + 75-5° in alcohol; Irvine and 
Moodie, J., 1905, 87, 1467). Hydrolysis of the glucosidic methyl group was effected by boiling 
with 7% hydrochloric acid until the rotation became constant; 1-5 g. yielded 1-4 g. of a colourless 
mobile syrup, [«]p + 65° (¢ = 4-014 in alcohol). On standing, this syrup partially crystallised 
and the mixture was pressed on a porous tile. In this way, 0-1 g. of clean crystals was obtained, 
which melted sharply at 76—78°, and had [«]p + 97-4° (c = 0-770 in alcohol) (Found: OCH;, 
51-1. CygH gO, requires OCH;, 52-5%). When mixed with an authentic specimen of tetra- 
methyl glucose, m. p. 82°, it melted at 65—70°. The tile was powdered and extracted with 
ether, and the syrup thus recovered again partly crystallised. The new sugar is believed to 
be 2: 3:4: 6-tetramethyl a-methylaltrose. 

Examination of the Crystalline Material (A).—The material (10 g.) was distilled in a vacuum 
and crystallised immediately in the receiver. It appeared still to be contaminated with traces 
of the syrup (B), and was therefore crystallised from light petroleum. The pure substance 
separated in long colourless needles, m. p, 63—64°, [a] + 188-9° (c = 1-017 in chloroform). 
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It neither reduced Fehling’s solution nor decolorised a solution of bromine in carbon tetra- 
chloride. Analysis proved that it was a dimethyl anhydro-a-methylhexoside (Found: OCHs, 
43-6; C, 52-6; H, 7-7. C,H,,O, requires OCH, 45-6; C, 52-9; H, 7-9%). 

An attempt to methylate the purified substance (2g.) by means of methyl iodide and silver oxide 
failed, the original material being recovered quantitatively unchanged after three treatments. 
The purified material (0-5 g.) was dissolved in pyridine and treated with acetic anhydride 
(0-7 c.c.). After standing for two days, the mixture was dissolved in benzene and thoroughly 
washed with water, but the benzene layer yielded nothing on evaporation. 

The purified crystals (0-15 g.) were treated with p-tolunesulphonyl chloride (0-4 g.) in 
pyridine solution. After four days, the mixture, which had become pale yellow, was dissolved 
in benzene, and the solution washed with water. The washings showed optical activity which 
corresponded with 0-13 g. of starting material, but the benzene layer was practically inactive. 
The configuration of this 4 : 6-dimethyl 2 : 3-anhydro-«-methylhexoside is still uncertain. 


The authors acknowledge their indebtedness to the Carnegie Trust for the grant of a 
Scholarship which enabled one of them (D. S. M.) to take part in the work. They also express 
their appreciation of the kindly interest and help accorded them by Sir James C. Irvine, C.B.E., 
F.R.S. 
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258. Syntheses of Polycyclic Compounds Related to the Sterols. Part I. 
By G. A. R. Kon. 


THE object of the present series of investigations is the synthetic preparation of polycyclic 
structures related to the sterols and polyterpenes. Our knowledge of this important 
group is based almost wholly on the study of degradation products, but the time is now 
tipe for supplementing this by synthesis. 

As a preliminary step it was proposed to study the formation of hydrocarbons possessing 
an appropriate skeleton, especially those consisting of a five-membered ring combined 
with a naphthalene or phenanthrene residue, and to examine the possibility of introducing 
methyl groups in the positions assigned to them in the sterol formule current at the moment ; 
with this object in view the following have been prepared : 


Me 
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The preparation of other compounds is in progress, but in view of be aie of a 
paper by Cook and Hewett (Chem. and Ind., 1933, 52, 451; see this vol., p. 1098) it was 
thought desirable to publish the results obtained without delay, having regard to their 
bearing on the problem of the structure of “‘ Diels’s hydrocarbon ”’ C,H, (or C,zH,,). 

The elucidation of the structure of this hydrocarbon was one of the objects of this 
work, and for this purpose the dehydrogenation of the hydrocarbons (I)—(VI) has been 
carried out. 

For the preparation of the compounds themselves, the phenanthrene synthesis of 
Bardhan and Sengupta (J., 1932, 2520) by the cyclisation of «-phenylethylcyclohexanols 
has been extended and adapted. In‘the first place, it was found that cyclopentanols 
could be used just as readily as cyclohexanols, the compounds (III)—(VI) being obtained 
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in this way; and the «-naphthyl grouping could be introduced in place of phenyl (com- 
pounds V and VI). The hydrolysis of the esters of the type (VIII) to the ketones con- 
stituted the principal obstacle, as the method originally used gives a poor yield and some- 
times fails altogether (Bardhan and Sengupta, 7bid., p. 2798). It has now been found that 
the esters can be hydrolysed to the corresponding adipic or pimelic acids (IX) and that these 
undergo cyclisation with ease : 


(CH,) — CO,Et (CH,) —t (CH,°CH,Ar)CO,Et (CHy) x CH (CH,*CH,Ar)-CO,H 


CO,H 
(VII.) "wee. (IX.) 
os *CH,Ar CH-CH,° -CH,Ar 
(CHa) (CHa)e<C (OH) Me 
berg nang 


(Ar = Ph or a-C,,H,; » = 3 or 4.) 


The ketones are then reduced to the secondary alcohols and dehydrated. 

For the introduction of the methyl group on a carbon atom common to two rings, the 
ketones are converted into the tertiary alcohols (XI), which undergo ring closure just 
like the secondary alcohols, giving the compounds (I) and (IV). To obtain the alternative 
structure (II), advantage was taken of the observations of Haller and Cornubert (Bull. 
Soc. chim., 1927, 41, 367) on the alkylation of a-substituted cyclic ketones with sodamide. 
The second alkyl group enters almost entirely in the «, not the «’, position; in this way 
the introduction of the phenylethyl group into 2-methylcyclohexanone should yield the 
ketone (XII), which on reduction and cyclisation should pass into the hydrocarbon (II), 
as was indeed the case; the ketone (XII) can also be prepared by the methylation of 
a-phenylethylcyclohexanone and the same reaction can doubtless be applied to the corre- 
sponding cyclopentanones. The structure of the ketone (XII) follows from the fact that 
the hydrocarbon (II) gives phenanthrene, and not methylphenanthrene, on dehydro- 
genation. 


CH, CH, H,C Me CH, 
Hie/\ cum > i NG cup, —> BY Yoh _, ay 
“eo PhCH -CH,Br a H,C C-OH | 
Hy Hy HC H Z\ 
(XII) | Il 
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The reduction of the naphthylated ketones to the corresponding cyclopentanols is 
abnormal, inasmuch as two additional atoms of hydrogen appear to be taken up; the re- 
sulting hydrocarbons also appear to be the dihydro-derivatives of (V) and (VI) re- 
spectively. Other methods of reduction are now under investigation. 

The dehydrogenation of the compounds (I)—(VI) is of considerable interest. It may 
be stated at once that whilst the dehydrogenation of (I) and (II) readily gives phenanthrene 
in good yield, that of the cyclopentane compounds proceeds much less smoothly, especially 
with the two simplest. Both (III) and (IV) yield, as the only isolable product, the same 
liquid 4 : 5-benzohydrindene (XIII), although this is doubtless only one of the products 
in a complex reaction. The compound (V), on the other hand, yielded exclusively the 
corresponding indene, 1 : 2-A?**(or Al :*)-5’-methylcyclopentadienophenanthrene (X1V or 
XV): 





CH 
(i ci re oY) 
(XIIL.) (Y Hy aaa 1.) oY i 
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Now, the compound (V) was originally prepared because it was expected to give on de- 
hydrogenation the dihydro-derivative of (XIV), which would be identical with Diels’s 














(ae ee a ek. ae 2 a a. 








(com- 
5 con- 
ome- 
| that 
these 


°0,H 


, the 

just 
itive 
Bull. 
lide. 
way 

the 
(Il), 
n of 
rTe- 
that 
dro- 


II.) 


ay 
ne 
lly 
me 
cts 
he 


or 


le- 
3's 








Related to the Sterels. Part I. ; 1083 


hydrocarbon if the latter has the structure considered probable by Ruzicka and Thomann 
(Helv. Chim. Acta, 1933, 16, 216); it has not yet been possible to effect the reduction of 
(XIV) to the hydrindene, and the work has been postponed in view of recent developments. 

The compound (VI) gave on dehydrogenation a product very similar at first sight to the 
indene (XIV or XV), but it soon became apparent that it could not be a pure compound, 
although its high m. p. appeared to preclude the presence of a hydrindene. Ultimately, 
a separation was effected by means of the picrates; that of 1 : 2-cyclopentenophenanthrene 
(XVI), although present in relatively small amount, is the less soluble and can be recognised 
by its beautiful crystalline form; it melts at 133—134° and the pure hydrocarbon 
regenerated from it at 135—136°. 


“a ON/\ ON/\ 
| | neg | I | i 
(XVI.) 2e 4 | \ " oN (XVII.) 
WN\F WF WF 


These compounds therefore appear to be identical with the cyclopentenophenanthrene 
and its picrate, the preparation of which has been announced by Cook and Hewett (loc. 
cit.).* A comparison of the new hydrocarbon has been made with a specimen of Diels’s 
hydrocarbon, m. p. 126—128°, for the loan of which the author is greatly indebted to Dr. 
0. Rosenheim. An approximately equimolecular mixture of the two melts at 130— 
132°, and a mixture of the picrates also shows an intermediate m. p. There is therefore a 
considerable probability that Diels’s hydrocarbon is somewhat impure cyclopentenophen- 
anthrene ; it is hoped to make a more exhaustive comparison of the two in the near future. 
It must, however, be borne in mind that Jacobs and Fleck (J. Biol. Chem., 1932, 97, 57) 
have found that the m. p. of Diels’s hydrocarbon is not depressed by the admixture of a 
possible dimethylphenanthrene isolated by them from strophanthidin, although they 
succeeded in demonstrating that the two compounds were not identical. Clearly, there- 
fore, the greatest caution is necessary in this case, especially when it is remembered that 
the compounds (XVI) and (XVII) also form mixtures of intermediate m. p. 

Note.—Since the above was written, Ruzicka, Ehmann, Goldberg, and Hésli (Helv. 
Chim. Acta, 1933, 16, 833) have described the synthesis of cyclopentenophenanthrene and 
two of its methyl derivatives ; the properties of the former agree perfectly with those given 
in the present paper and their theoretical conclusions are essentially the same. 


EXPERIMENTAL. 


Ethyl 1-8-Phenylethylcyclohexan-2-one-1-carboxylate (with Z. T. Linc).—This was prepared 
as described by Bardhan and Sengupta (/oc. cit.); the yield is improved (65%) by carrying 
out the reaction in xylene solution at the b. p. of the latter (paraffin-bath). 

a-(8-Phenylethyl)pimelic acid (IX; n= 4, Ar = Ph). The above ester was boiled with 
twice its weight of baryta in 4 volumes of water over-night; the cooled solution was strongly 
acidified with hydrochloric acid, and the precipitated oil taken up in ether. The new acid 
could be separated from the small amount of 1-8-phenylethylcyclohexanone formed by shaking 
with aqueous sodium carbonate and reprecipitation; it solidified after some weeks, forming 
rosettes of crystals, m. p. 64—65°, but it could not be satisfactorily recrystallised (Found : 
C, 67-9; H, 8-0. C,;H.».O, requires C, 68-2; H, 7-7%). For the preparation of the ketone 
this separation is unnecessary; the ethereal extract is roughly dried, evaporated, and the residue 
slowly distilled at atmospheric pressure from an air-bath. The distillate is taken up in ether, 
washed with alkali, dried, and evaporated, the residue being distilled, giving a 70% yield of the 
ketone, which can be purified through the semicarbazone with very little loss. 

The same ketone was also obtained, though in very poor yield, by the action of phenylethyl 
bromide on the sodio-derivative of cyclohexanone (see p. 1084); it was identified by its semi- 
carbazone, m. p. 179—180° (Bardhan and Sengupta, /oc. cit.) (Found : C, 69-3; H, 8-3. Calc. : 
C, 69-5; H, 81%). 

1-Methyl-2-8-phenylethylcyclohexanol (XI; n = 4,Ar= Ph). 50G. of the ketone regenerated 

* Dr. J. W. Cook has informed the author that his pure hydrocarbon melts at 135° and not 153° 
as originally stated (see this vol., p. 1109). 
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from the semicarbazone were slowly added to an excess of methylmagnesium iodide cooled 
in ice; after standing over-night the mixture was warmed for 0-5 hour, decomposed with ice 
and dilute acetic acid, and the product isolated by means of ether, 36 g. of crude alcohol being 
obtained. This was freed from unchanged ketone by shaking for 0-5 hour with semicarbazide 
acetate solution, 7 g. of semicarbazone being recovered. The alcohol boiled at 140°/3 mm. asa 
slightly viscous oil with a lemon-like odour (Found: C, 82-7; H, 9-9. C,;H,,O requires C, 
82-6; H, 10-1%). 

12-Methyl-1:2:3:4:9:10: 11: 12-octahydrophenanthrene (1).—The dehydration of the 
alcohol with phosphoric oxide was carried out as described by Bardhan and Sengupta (loc. cit.), 
The hydrocarbon was twice boiled with sodium and had b. p. 157°/16 mm., di** 1-0082, n, 
1-55437, [Rz]p 63-66 (Calc., 63-47, on the basis of Auwers’s value for tetralin). It was stable 
to alkaline permanganate and did not decolorise bromine in chloroform (Found: C, 89°5; H, 
98. C,,;Hg requires C, 89-9; H, 10°1%). 

Dehydrogenation. The hydrocarbon was heated with twice its weight of selenium to 260° 
for 2 hours and to 320—340° for 20 hours. A part of the product sublimed into the condenser, 
whilst the rest was recovered by extraction with ether, and solidified on removal of the solvent. 
It was converted into the picrate, which was identified as phenanthrene picrate (m. p. and mixed 
m. p. 144—145°), and from which the hydrocarbon was recovered by boiling with ammonia; 
it had m. p. and mixed m. p. 99—100° after crystallisation from acetic acid (charcoal) (Found : 
C, 94-3; H, 5-7. Calc.: C, 94-4; H, 5-7%). 

2-Methyl-2-B-phenylethylcyclohexanone (XII).—A suspension of 20 g. of finely powdered 
sodamide in 300 c.c. of benzene was warmed in a three-necked flask provided with a condenser 
and stirrer, whilst 56 g. of 2-methylcyclohexanone were slowly run in, the stirring being continued 
until no more ammonia was evolved (2—3 hours). A slight excess of B-phenylethyl bromide 
was then added, and the mixture boiled over-night. After addition of water, the washed and 
dried benzene solution was distilled under reduced pressure with a column. Most of the starting 
material was recovered unchanged, but some 15 g. of a fraction, b. p. ca. 152°/4 mm., were obtained 
and converted into the semicarbazone. This formed somewhat indefinite nodules after two 
crystallisations from methyl alcohol, m. p. 178° (sharp), unaltered on further crystallisation 
(Found: C, 70-2; H, 8-8. C,,H,,ON, requires C, 70-3; H, 85%). The ketone regenerated 
from it had b. p. 150°/2-8 mm.,* 4}? 1-0085, mp 1-51042. 

2-Methyl-2-8-phenylethylcyclohexanol (with W. E. BatTEN). The ketone was reduced as 
described by Bardhan and Sengupta (/oc. cit.), giving a 90% yield of the alcohol, b. p. 159°/3-0 
mm. (Found: C, 82-4; H, 10-4. C,;H,,O requires C, 82-5; H, 10-2%). 

11-Methyl-1:2:3:4:9:10: 11: 12-octahydrophenanthrene (II).—The dehydration of the 
alcohol and the purification of the hydrocarbon were carried out as before; the product, obtained 
in very good yield, had b. p. 133°/2-8 mm., di? 1-0054, mp 1-55254, [Rz]p 63-66 (calc., 63-47) ; 
it was stable to permanganate and did not decolorise bromine (Found: C, 89°7; H, 10°0. C,;Ho» 
requires C, 89°9; H, 10-1%). 

Dehydrogenation. This proceeded exactly as with the 12-methyl compound and gave a 
good yield of phenanthrene, identified as before. 

Ethyl 2-B-Phenylethylcyclopentan-1-one-2-carboxylate (VIII; » = 3, Ar = Ph) (with Z. T. 
Linc).—Ethyl] cyclopentanonecarboxylate gave a 70% yield of the phenylethyl derivative even 
in benzene solution; the crude ester boiled at 180—195°/6 mm., mainly at 192°/6 mm. on re- 
distillation (Found: C, 73-7; H, 8-0. C,,H,,.O, requires C, 73-8; H, 7:8%). The semi- 
carbazone crystallised from methyl alcohol in plates, m. p. 163° (Found: C, 64-2; H, 7:1; 
N, 13-7. C,,H,30,N, requires C, 64-4; H, 7-2; N, 13-3%). 

a-(8-Phenylethyl)adipic acid (IX; n= 3, Ar = Ph). Hydrolysis of the above ester with 
10% aqueous potash (Bardhan and Sengupta, /oc. cit.) was tedious and gave a very poor yield 
of ketone (20%); boiling with 10% sulphuric acid was even less successful. The method 
described on p. 1083 was then adopted; only a small amount of ketone was obtained, and an 
85—90% yield of the acid, m. p. 97—98° after repeated crystallisation from dilute alcohol and 
finally from benzene—petroleum (Found: C, 67:0; H, 7:4. C,,H,,O, requires C, 67-2; H, 
7-2%); the acid showed little tendency to crystallise. 

2-8-Phenylethylcyclopenitanone (X; n = 3, Ar = Ph). This ketone was formed in small 
amount as described above, also in over 80% yield by the cyclisation of the acid (p. 1083) ; yields 
of 70% of ketone are readily obtained from the crude ketonic ester. The ketone purified by 
distillation boiled at 146°/6 mm. and was sufficiently pure for all purposes; a specimen re- 


* The accurate pressures recorded were read with a Leybold vacuoscope. 
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generated from the semicarbazone, which formed very sparingly soluble plates from methyl 
alcohol, m. p. 213° (decomp.) (Found : C, 68-7; H, 7-9; N, 17-4. C,,H,,ON, requires C, 68-6; 
H, 7-8; N, 17-1%), had b. p. 163°/13 mm., di?" 1-0026, mp 1-52840. 
1-Methyl-2-8-phenylethylcyclopentanol (XI; n= 3, Ar=Ph). The ketone was treated 
with methylmagnesium iodide, and the product purified as described on p. 1084, giving an 80% 
yield of the alcohol, b. p. 134—135°/5 mm. (Found: C, 82-4; H, 9-7. C,H» O requires C, 
82-4; H, 9-8%), a little ketone being recovered as semicarbazone. The alcohol possesses a rose- 
like odour and is very readily dehydrated on heating. The product is an unsaturated hydro- 
carbon which is rapidly attacked by permanganate and instantly decolorises bromine in chloro- 
form; after repeated boiling with sodium, it had b. p. 120°/7 mm., di? 0-93701, mp 1-52662, 
[Rz]p 61-11 (calc., for |-, 61-07) (Found : C, 90-2; H, 9-6. C,,H,, requires C, 90-3; H, 9-7%). 

1 : 2-cycloPentano-1-methyl-1 : 2: 3: 4 : tetrahydronaphthalene (IV).—On dehydrating the 
alcohol with phosphoric oxide, a saturated hydrocarbon was obtained; after the usual puri- 
fication it had b. p. 128°/12 mm., di?" 0-99798, up 1-54790, [Rz]p 59-23 (calc., 59-11). Some 
specimens contained small amounts of the unsaturated isomeride, as shown by a higher molecular 
refraction and a reaction with bromine and permanganate; the pure hydrocarbon (IV) is, 
however, definitely less stable to these reagents than either (I) or (II) (Found: C, 90°0; H, 9°7. 
C,,Hy, requires C, 90°3; H, 9°7%). 

Dehydrogenation. In contrast to the compounds (I) and (II), the dehydrogenation of (IV) 
proceeds with some difficulty. The hydrocarbon was kept vigorously boiling with twice its 
weight of selenium for 24 hours, after which the temperature rose slowly to 360° and remained 
constant for 18 hours. The black pitch produced was very intractable; attempts to distil it 
led to much decomposition, only a few drops of a yellow liquid containing much red selenium 
being obtained. The liquid was taken up in ether, repeatedly filtered, evaporated, and the 
residue converted into the picrate, orange needles, m. p. 108°, which could not be recrystallised 
and gave only approximate figures on analysis (Found : C, 55-9; H, 5-8. Cj ,ygH,;0,N; requires 
C, 57-7; H, 37%). The hydrocarbon recovered by boiling with ammonia was evidently the _ 
pure 4: 5-benzohydrindene (XIII), b. p. 118°/0-5 mm., di?“ 1-0569, mp 1-62649, [Rz]p 56-35 © 
(Found : C, 92-4; H, 7-3. C,;H4, requires C, 92-8; H, 7-2%). . 

In other experiments, the original black product was extracted with ether in a Soxhlet 
extractor for some days, an intensely fluorescent solution being obtained. This gave on 
evaporation an oil containing a sparingly soluble red solid; the only product obtained on dis- 
tillation was the above hydrocarbon, 

2-8-Phenylethylcyclopentanol (with W. E. BattENn).—The ketone was reduced as described 
by Bardhan and Sengupta (loc. cit.), giving an 85% yield of the alcohol, b. p. 131°/1-5 mm. ; 
the reduction was complete, as the product did not react with semicarbazide (Found: C, 81-3; 
H, 9-4. C,,;H,,O requires C, 82-1; H, 95%). Attempts to effect reduction as described by 
Nenitzescu and Ionescu (Bull. Soc. chim. Romania, 1933, 14, 65) were unsuccessful, most of the 
ketone being recovered unchanged. 

1 : 2-cycloPentano-1 : 2 : 3 : 4-tetrahydronaphthalene (III).—The hydrocarbon obtained by the 
dehydration of the above alcohol boiled after purification at 138°/19 mm., dj" 1-0054, np 
1:55297, [Rz]p 54°78 (calc., 54:49) (Found: C, 90-3; H, 9-4. C,3H,,. requires C, 90-7; H, 
9-3%). 

Dehydrogenation. This was carried out in the same way and with the same result as with 
the 1-methyl compound (above), but the yield of the hydrocarbon (XIII) was better. After 
regeneration from the picrate (m. p. and mixed m. p. 108°), it boiled at 146°/6 mm., dii* 1-0679, 
Np 1-63328, [Rz]p 56-25 (Found: C, 92-8; H, 7-3. Calc.: C, 92-8; H, 7-2%). 

B-(a-Naphthyl)ethyl Bromide.—8-(«-Naphthyl)ethyl alcohol, prepared from «-bromonaphthal- 
ene and ethylene chlorohydrin, phenylmagnesium bromide being used to block the hydroxyl 
group of the latter (Grignard, Compt. rend., 1905, 141, 44), was converted into the bromide by 
heating with 5 volumes of 30% hydrobromic acid in acetic acid in a soda-water bottle to 100° 
for 14—16 hours; the product (73% yield) isolated by means of ether boiled at 172°/20 mm. 

Ethyl 5-Methylcyclopentanone-2-carboxylate (with E. C. H. LawreEncE).—This ester was 
prepared from ethyl adipate essentially as described by Cornubert and Borrel (Bull, Soc. chim., 
1930, 47, 304), except that the methylation of ethyl cyclopentanonecarboxylate was carried out 
with the aid of molecular sodium in benzene; the alternative method using sodium ethoxide 
is uncertain in spite of all precautions. 

Ethyl 6-methyl-2-B-(a-naphthyl)ethylcyclopentanone-2-carboxylate (as VIII; »=3, Ar= 
a-C,9H,). Attempts to condense the potassio-derivative of the above ester with naphthyl- 
ethyl bromide in benzene solution gave a very poor yield of the desired high fraction. The 
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condensation was therefore conducted in xylene solution at the b. p. of the latter for 40 hours, 
The product gave on fractionation a 65% yield of a dark amber-coloured oil, b. p. 190—240°/3 
mm.; the pure ester boils at about 227°/4 mm. 

a-Methyl-x’-[B-(a-naphthyl)ethyljadipic acid. The above crude ester was hydrolysed without 
further purification ; hydrolysis with baryta was slow and incomplete, but it was readily achieved 
by adding the ester to twice its weight of potassium hydroxide in 3 volumes of water with enough 
alcohol to give a clear solution and boiling gently, the alcohol being allowed to distil off through 
a column; the last traces were removed in a vacuum, the mixture diluted, and worked up as 
described on p. 1083. A little crude ketone was obtained and some 70% of the acid, small 
prisms, m. p. 155—156° after two crystallisations from dilute alcohol and one from acetone- 
benzene (Found: C, 72-2; H, 6-8. C,,H,.O, requires C, 72-6; H, 7-0%). 

5-Methyl-2-B-(«-naphthyl)ethylcyclopentanone. The acid was slowly distilled under a pressure 
of 100—200 mm. until only a small carbonaceous residue remained in the flask, and the ketone 
isolated as before, a yield of 70% being obtained, b. p. 222—225°/10 mm., 188—190°/3 mm. 
This was sufficiently pure for subsequent operations (Found: C, 85-3; H, 7-9. C,,H. 0 
requires C, 85-7; H, 7-9%). The semicarbazone formed with some difficulty and was first 
obtained as a sticky solid; it was rubbed with ether and formed thick crystals from methyl 
alcohol, m. p. 171—172° (Found: C, 73-4; H, 7-5. C,gH,,ON; requires C, 73-8; H, 7-4%). 

5-Methyl-2-B-(«-naphthyl)ethylcyclopentanol(?). The reduction of the ketone (27-5 g.) 
gave 22 g. of the alcohol, b. p. 177°/4-5 mm.; the b. p. is somewhat uncertain owing to the extreme 
viscosity of the compound (Found: C, 84-3, 84-3; H, 9-0, 9:1. C,,H,..O requires C, 85-0; 
H, 8-7%. C,gH,O requires C, 84-3; H, 9-4%). 

1 : 2-(5’-Methylcyclopentano)-1 : 2 : 3 : 4-tetrahydrophenanthrene(?) (V).—The alcohol was 
heated to 200° with twice its weight of phosphoric oxide for 30 minutes under reduced pressure. 
The mass was cooled in ice, and a little ice cautiously added with shaking, then sufficient ice- 
water to dissolve the solid; the hydrocarbon was extracted with ether, the extract washed 
with alkali, dried, and evaporated, the crude hydrocarbon being purified by boiling with sodium. 
It then boiled at 141—145°/2 mm. and had d/’* 1-0302, mp 1-57307, and was stable to per- 
manganate and bromine (Found: C, 91-0; H, 9-2. C,,H,. requires C, 90-8; H, 9-2%). 

Dehydrogenation. This was carried out as before (p. 1085); the product on distillation gave 
a yellow oil with a green fluorescence, which rapidly solidified ; the solid on crystallisation from 
petroleum (b. p. 40—60°) gave fine plates, m. p. 182°, consisting of the indene (XIV or XV) 
and a careful search failed to reveal the presence of the corresponding hydrindene even in traces 
(Found : C, 93-8, 93-8; H, 6-3, 6-3. C,,H,, requires C, 93-9; H, 6-1%). The picrate formed 
characteristic dark red needles from benzene—petroleum, m. p. 199—200° (decomp.); it cuuld 
not be recrystallised from alcohol owing to partial dissociation (Found: C, 62-6; H, 3-6. 
C,4H,,0,N, requires C, 62-7; H, 3-7%). 

The reduction of the hydrocarbon with sodium in 95% alcohol, although causing a fall in 
the m. p., did not yield a pure product; other methods of reduction are under investigation. 

Ethyl 2-B-(«-Naphthylethyl)cyclopentanone-2-carboxylaie (VIII; n= 3, Ar = a-C,)H,).— 
This ester was obtained from ethyl cyclopentanonecarboxylate exactly as described on p. 1085, 
the yield of crude ester, b. p. 210—235°/2 mm., being 65%; a little high-boiling fraction was 
also collected, and found to consist mainly of the same ester. 

a-[B-(a-Naphthyljethyljadipic acid (IX; n = 3, Ar = a-C,)H,). The hydrolysis of the ester 
with potassium hydroxide (above) gave but little ketone and a good yield of the acid, m. p. 
152—153° after two crystallisations from dilute alcohol and one from acetone—benzene- 
petroleum (Found: C, 72-0; H, 7-0. C,,H,»O, requires C, 72:0; H, 6-7%). 

2-f-(a-Naphthylethyl)cyclopentanone (X; n = 3, Ar = a-CyH,). This ketone, obtained in 
45% yield by the pyrolysis of the above acid as described above, boiled at 178°/2 mm. 
The serzicarbazone formed readily but was somewhat caseous, forming spherical nodules from 
methyl] alcohol, m. p. 192—193° (Found : C, 72-8; H, 7-1. C,gH,,ON, requires C, 73-2; H, 7:1%). 

2-f-(a-Naphthyl)ethylcyclopentanol(?). The reduction of the ketone gave an extremely 
viscous, colourless oil, b. p. ca. 180°/2-2 mm., in about 80% yield; the reduction was complete, 
as no trace of semicarbazone could be obtained from the product (Found: C, 84:3; H, 8-9. 
C,,H,,O requires C, 84-3; H, 9-1%). 

1 : 2-cycloPentano-1 : 2 : 3 : 4-tetrahydrophenanthrene(?) (V1).—The alcohol was dehydrated 
as described above and gave a moderate yield of the hydrocarbon, which after purification 
had b. p. 142°/2 mm., d}?" 1-0336, np 1-57446, and was a colourless oil with a fine violet fluor- 
escence; it was stable to permanganate and to bromine in chloroform (Found : C, 90-8; H, 
9-0. C,,H,, requires C, 91-1; H, 8-9%). 
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Dehydrogenation. ‘This proceeded in the same way as that of the higher homologue, but 
there was very little decomposition on distillation, and the yield of hydrocarbon was con- 
sequently better. After one crystallisation, this had m. p. 169—170°, rising to about 180° on 
further crystallisation, but analysis showed that it was a mixture (Found: C, 93-7, 93-8, 93-7; 
H, 6-2, 6-0, 6-0. C,,H,, requires C, 94-4; H, 5-6. C,,H,, requires C, 93-6; H, 64%). It was 
therefore converted into the picrate in benzene solution; the latter on cooling deposited two 
kinds of crystals, which were roughly separated by hand. One variety, which appeared to be 
the less soluble though present in smaller quantity, formed fine long orange needles, m. p. 
133—134° after repeated crystallisation from benzene—petroleum; great care is required in 
recrystallising this compound as it tends to decompose. This proved to be the picrate of 
1: 2-cyclopenienophenanthrene (XVI) (Found: C, 61-4, 61-4, 61:9; H, 4-0, 4-1, 4-0. 
Cy3H,,0,N, requires C, 61-7; H, 3-8%). The hydrocarbon regenerated from the picrate with 
ammonia was pure, because both the crystals obtained by recrystallisation from petroleum 
and those from the mother-liquor melted sharply at 135—136°; the compound crystallises 
particularly well from light petroleum (Found: C, 93-5, 93-4; H, 6-5, 65%). The ¢rinitro- 
benzene derivative formed yellow needles from methyl alcohol, m. p. 165-5° (Found: C, 64-0; 
H, 4:1. C,3H,,O,N, requires C, 64-0; H, 40%). The picrate remaining after the removal of 
the picrate of m. p. 133—134° was recrystallised several times from benzene, but its crystalline 
form remained indefinite and the m. p. about 124°. The hydrocarbon was regenerated from 
it and formed fine plates from acetone m. p. 182—183°, consisting of 1 : 2-A!’:*(or Al':*’)-cyclo- 
pentadienophenanthrene (XVII) (Found: C, 94:5; H, 5-8. C,,Hy4, requires C, 94-4; H, 5-6%). 
A mixture of equal amounts of (XVI) and (XVII) melted at about 155°. 


The author’s thanks are due to the Royal Society for a grant and to Dr. E. F. Hartree for his 
assistance. 
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259. Quinoline Derivatives. Part I. Furanoquinolines. 
By M. Asput Hag, MapANn L. Kapur, and JNANENDRA N. Ray. 


A BASE, C,,H,O.N, isolated from Skimmia repens (Ber., 1930, 68, 2045) and an alkaloid 
skimmianine from Skimmia japonica (Asahina and Inubuse, ibid., p. 2052) have been 
formulated as 2 : 3-furano-(2’ : 3’)-quinoline derivatives, and a simple synthesis of substances 
having this skeleton is now described. 

8-3 : 4-Dimethoxybenzoylpropionic acid (I) (Bargellini and Giua, Gazzetta, 1912, 42, 
197) when treated with acetic anhydride passes into the lactone (II), the structure of 
which is proved by the fact that it can be hydrolysed to the acid (I) and oxidised to 
veratric acid. 


H,—CH H,—CH P AHA. , CH, 
Sate fest % CR ad ‘Gf Re YE FH 
2 SY R _ COCR R \yHt CR 
O 2 Cv N ‘oO 


(I.) (IT.) (III), (IV.) 
(R = 3: 4-Dimethoxyphenyl.) 


The acid (I) easily condenses with aromatic aldehydes to give the highly coloured 
arylidene derivatives (III) of the lactone (II), the structure following from the fact that 
these derivatives can be converted into the related keto-acids by fission of the ring with 
alkali, showing that the «- (and not the 8-) carbon atom is involved in the condensation. 
The keto-acids are only very faintly coloured owing to the destruction of the long 
conjugated chain. 

The substances of type (III) from o-nitrobenzaldehyde, 6-nitropiperonal, and 6-nitro- 
veratraldehyde, give furanoquinolines (IV) when reduced with zinc dust and acetic acid. 

The acid (I), on nitration furnishes $-3 : 4-dimethoxy-6-nitrobenzoylpropionic acid ; 
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on reduction, this gives the related amino-acid (V), which forms substituted quinoline- 
4-propionic acids (VI) by condensation with acetaldehyde, acetophenone, acetylacetone, 


[CH,],°CO,H 


MeO O\'cH,],.CO,H 
MeO.) nu, 


(V.) 


or dibenzoylmethane. The antimalarial properties of these compounds in alkaline solution 


are being studied. 
EXPERIMENTAL. 


8-3 : 4-Dimethoxybenzoylpropionic Acid.—To a cold solution of anhydrous aluminium 
chloride (27 g.) in nitrobenzene (65 c.c., freshly distilled), a solution of succinic anhydride 
(11 g.) and veratrole (14 g.) in the same solvent (20 c.c.) was slowly added during 30 minutes 
(stirring), and the mixture was kept at 0—10° for 24 hours with occasional shaking, then at 
45° for 1 hour. Ice and hydrochloric acid were added, the nitrobenzene removed in steam, 
and the aqueous solution filtered hot. The acid crystallised, and after being purified by 
dissolution in sodium carbonate solution (10%) and reprecipitation, it had m. p. 165° (Bargellini 
and Giua, Joc. cit., give 160—161°); yield 22-5 g. (93%) (cf. Barnett and Saunders, this vol., 
p. 436) (Found: C, 60-4; H, 5-7. Calc. for C,,H,,O,: C, 60-5; H, 59%). The methyl ester 
had m. p. 89°. 

The Jactone (II) was prepared by heating the acid (1-2 g.) in acetic anhydride (3 c.c.) at 
100° for 2 hours and pouring it into water (20 c.c.); it was washed successively with ice-cold 
1% sodium carbonate solution and 1% acetic acid, and crystallised from hot water in pale 
orange-yellow, silky needles, m. p. 114—115° (Found: C, 65-5; H, 5-5. Cj ,,H,,O,4 requires C, 
65-5; H, 55%). It gives no ferric chloride reaction and is slightly soluble in cold dilute alkali 
giving a brownish solution, but in 5% sodium carbonate solution it dissolves very slowly, the 
colour deepening to a purple violet on exposure to air. In weaker sodium carbonate (0-5%) 
at 60°, it dissolves with a deep green colour, which slowly fades and vanishes completely at 40°, 
giving a pale orange solution which regains the green colour at 60°; at 100° hydrolysis occurs 
with formation of the acid, m. p. and mixed m. p. 164° (Found: C, 60-8; H, 5-9%). Oxidation 
with 5% permanganate solution at 60° gave veratric acid (m. p. and mixed m. p. 178°). 

Lactone of a-Piperonylidene-B-3 : 4-dimethoxybenzoylpropionic Acid (as III; R’, R’= 
CH,O,:).—A mixture of the acid (I) (1-2 g.), piperonal (0-8 g.), and acetic anhydride (5 c.c.) 
was heated at 100° for 1} hours, and the purple-red solution poured into water. The viscous 
precipitate was treated with cold sodium carbonate solution (10%), stirred with cold acetic 
acid, and crystallised from acetic acid; yellow silky needles, m. p. 226° (Found: C, 68-2; H, 
4-7. CygH,,O0, requires C, 68-2; H, 46%); the Jactone is sparingly soluble in alcohol and 
ethyl acetate. 

Similarly, o-nitrobenzaldehyde furnishes the Jactone of «-2-nitrobenzylidene-8-3 : 4-dimeth- 
oxybenzoylpropionic acid, dark red needles, m. p. 200° (Found: N,* 4:0. C,,H,;O,N requires 
N, 40%). Hydrolysis of this lactone by alcoholic potash yielded the corresponding acid, m. p. 
262°, nearly colourless needles from aqueous alcohol (Found: N, 4-0. Cj gH,,O,N requires 
N, 38%). 

The lactone of «-6-nitro-3 : 4-methylenedioxybenzylidene-8-3 : 4-dimethoxybenzoylpropionic 
acid (III; R’, R’ = CH,O,°), chocolate-coloured needles, prepared in an analogous manner, 
had m. p. 232° after crystallisation from acetic acid or pyridine (Found: N, 3-7. CygH,;0,N 
requires N, 3-5%). The Jactone of «-6-nitroveratrylidene-8-3 : 4-dimethoxybenzoylpropionic 
acid, vermilion-red needles, was crystallised from benzene, m. p. 206° (Found: N, 3:5. 
C,,H,,0,N requires N, 3-4%). 

Reduction of the Lactones to the Related Furanoquinolines (I1V).—The following is a typical 
example. Toa mixture of zinc dust and boiling acetic acid, the lactone of «-o-nitrobenzylidene- 
8-3 : 4-dimethoxybenzoylpropionic acid was added in small portions with vigorous shaking, 
and the mixture then boiled until almost decolorised. The diluted filtered solution was basified 
with ammonia (ice-cold), and the precipitate washed with benzene and crystallised from methyl 
alcohol; colourless needles, m. p. 172° (Found: N, 4-8. C,gH,,O,N requires N, 46%). 

In the reduction of the 6-nitropiperonylidene compound, the filtered solution of the reduced 
product in acetic acid was treated with concentrated hydrochloric acid and cooled; the 
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hydrochloride of the base, which partly crystallised, was separated, and from the filtrate, the 
base (IV; R’,R’ = CH,O,:) was isolated in the usual manner. It crystallised from much 
acetone and had m. p. 262° (Found: N,* 4:1. C,.H,,0,;N requires N, 4.0%). The base (IV; 
R’ = R’ = OMe) derived from the 6-nitroveratrylidene compound had m. p. 245° (from 
acetone) (Found: C, 68-6; H, 4:8; N, 4:2. C,,H,,0;N requires C, 69-0; H, 5-2; N, 3-8%); 
picrate, golden-yellow needles, m. p. 241° (from benzene) (Found: N,* 9-4. C,,H,,0;N,C,gH,0,N, 
requires N, 9-4%). 

8-6-Nitro-3 : 4-dimethoxybenzoylpropionic Acid.—A hot solution of the acid (I) (1-0 g.) in 
acetic acid (4 c.c.) was quickly cooled, and into it nitric acid (d 1-42; 1-2 c.c.) was stirred. 
The solution became dark green but the colour faded on standing. Sulphuric acid (d 1-84; 4 
drops) was added, and the mixture cooled. The mnitro-acid which crystallised was collected 
after an hour and recrystallised from acetic acid, m. p. 212° (Found: N,* 5-2. C,,H,,;0,N 
requires N, 50%). The methyl ester had m. p. 118° (greenish-yellow needles) (Found: N, 
5-1. C,3;H,,0,N requires N, 4:7%). 

8-6-A mino-3 : 4-dimethoxybenzoylpropionic acid (V) was prepared by reducing a solution of 
the nitro-acid (1-0 g.) in ammonia (d 0-88; 8 c.c.) and water (7-5 c.c.) at 100° with a solution 
of hydrated ferrous sulphate (9-8 g.) for ? hour. After being filtered, the solution was partly 
neutralised with hydrochloric acid and acidified with acetic acid; a pale brown crystalline 
precipitate was formed, and the mother-liquor yielded a further amount to chloroform. 
Crystallised from hot water (charcoal), the acid had m. p. 118° (Found: N,* 5:5. C,,H,;0;N 
requires N, 5:5%); benzoyl derivative, m. p. 225° (from methyl alcohol) (Found: N, 3-9. 
CygHygO,N requires N, 3-8%); acetyl derivative, m. p. 187° (Found: N, 5-0. C,,H,,0,N 
requires N, 4-8%); methyl ester, m. p. 127° (from methyl alcohol) (Found: N, 5-5. C,,;H,,0;N 
requires N, 5:3%). 

6 : 7-Dimethoxy-3-acetyl-2-methylquinoline-4-propionic Acid (VI; R = Me, R’ = CH,°CO).— 
A mixture of the acid (V) (0-72 g.) and acetylacetone (0-3 g.) was heated at 110° for 1 hour. 
The resulting acid was washed with tepid water (2 x 5 c.c.), and crystallised successively from 
aqueous alcohol and methyl alcohol; m. p. 245° (decomp.) (Found: C, 64-0; H, 5-9; N,* 4-5. 
C,,H,0,;N requires C, 64-35; H, 6-0; N, 4-4%). 

The acid from dibenzoylmethane, similarly condensed at 115°, was isolated by suspending 
the mixture in dilute alcohol and treating it with hydrochloric acid (15%). The residue was 
dissolved in sodium carbonate solution (10%) and then precipitated by acetic acid. 6: 7-Di- 
methoxy-3-benzoyl-2-phenylquinoline-4-propionic acid crystallised in cream-coloured needles from 
aqueous methyl alcohol (50%) (charcoal), m. p. 229° (decomp.) (Found: N, 3-4. C,,H,,;0,;N 
requires N, 3-2%). 

A mixture of the amino-acid (V) (1-6 g.) and acetophenone (0-6 g.) was heated at 110° for 
} hour, then zinc chloride (1-0 g.) was added, and the heating continued for 8 hours. 6: 7-Di- 
methoxy-2-phenylquinoline-4-propionic acid (VI; R=C,H;, R’ =H), isolated as in the 
previous case, crystallised from alcohol in colourless needles, m. p. 231—232°, showing a strong 
bluish-violet fluorescence in solution (Found: N,* 4:3. C,.9H,,0,N requires N, 4:2%). 

6 : 7-Dimethoxyquinoline-4-propionic acid (VI; R = R’ = H) was prepared by heating the 
acid (V) (1-0 g.) with acetaldehyde (1-5 g.) in alcohol (10 c.c.) with sodium hydroxide solution 
(3 c.c. of 50%) for 10 hours. After removal of the solvent, the residue was dissolved in hot 
water, and the acid isolated by acidification with acetic acid. It crystallised from water 
(charcoal) in glistening needles, m. p. 120—121° (m. p. 141° after drying at 100°) (Found, in 
dry material: N,* 6-4. C,,H,,0O,N requires N, 5-4%), a non-acidic portion (not investigated) 
remaining undissolved in the water. 


THE UNIVERSITY, LAHORE. (Received, June 19th, 1933.] 





260. The Molecular Structure of Some Co-ordination Compounds 
of Platinum and Palladium. 
By E. G. Cox and G. H. PREsTON. 


In extension of our previous work (J., 1932, 1912, 2527), we have carried out X-ray ex- 
aminations of the following crystalline substances: bisethylenediaminoplatinous chloride, 
[Pten,]Cl,; bisethylenediaminopalladous chloride; tetramminopalladous chloride, 


* Microanalysis. 
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[Pd(NH;),)Cl,,H,O; and the «- and §-diamminoplatinic tetrachlorides, [Pt(NH,),Cl,]. 
We have also re-examined tetramminoplatinous chloride and ammonium chloropalladite. 
These compounds have given further evidence of the planar distribution of platinous and 
palladous valencies, but, in addition, the results have led to the conclusion that the 
valencies of the metal atom are not all crystallographically equivalent, but are differentiated 
into pairs. More precisely, only those valencies which are ¢rans to each other are equiva- 
lent; this applies to all the compounds mentioned with the exception of ammonium 
chloropalladite, 7.e., to all those in which the metal atom is the centre of a positive or neutral 
complex. The differentiation of valencies is undoubtedly intimately connected with the 
distribution of shared electrons, and is presumably due to slight differences in energy 
between the various sub-groups in the same principal quantum group of the central atom. 
Thus the difference between the pairs of valencies lies in the strength of the bond, and is 
not a difference of type, so that it cannot be expected to give rise to isomerism, but should 
be of importance in problems of elimination and substitution. This assumes that these 
purely crystallographic results are significant for chemical reactions; this is not an im- 
portant point, however, since pairing of valencies has already been suggested (Drew, 
Pinkard, and Wardlaw, J., 1932, 1006) as the most satisfactory way of explaining the 
reactions of the simple and mixed tetramminoplatinous halides. The present work 
confirms this suggestion, and, by showing that it is the ¢vans-valencies which are equivalent, 
affords a physical basis for Werner’s hypothesis of ¢vans-elimination. Whether this pairing 
is general or is confined to the ammines, is a matter for further investigation. 

The examination of the «-diamminoplatinic tetrachloride shows that the ammonia 
groups must be ¢rans to each other, the six bonds to the platinum atom being distributed 
octahedrally. For the @-tetrachloride, the results are not so definite on account of the 
poor quality of the crystals, but they are most simply explained by an octahedral distribu- 
tion of valencies, the ammonia radicals being in cis-positions. 

The more detailed arguments on which the above statements are based are now set 
out for each substance in turn. 

Bisethylenediaminoplatinous Chloride—This substance, in which two chelate groups 
are attached to the platinum atom in cis-positions, crystallises in the triclinic system and the 
complex ion is found to possess a centre of symmetry only. It follows immediately that 
the four nitrogen atoms are coplanar with the platinum atom, and further, that only the 
trans platinum-nitrogen bonds are equivalent. (For brevity, a condition in which ¢rans- 
valencies only are equivalent will be referred to in future as “ ¢vans-pairing.’’) If all four 
bonds were equivalent, the ion would possess at least an axis of symmetry, for Burgers 
has shown (Proc. Roy. Soc., A, 1927, 116, 553) that the ion [NH,°C,H,°’NH,]” in ethylene- 
diamine sulphate possesses a two-fold axis (i.e., the two nitrogens are equivalent), so that 
we may reasonably assume that the same applies to the neutral molecule. Thus, in the 
present case the pairing is to be ascribed to the central atom itself, and not to the attached 
groups. 

Bisethylenediaminopalladous Chloride.—This substance is isomorphous with the preceding, 
and precisely the same considerations apply. 

Tetramminopalladous Chloride—This substance is tetragonal, and the examination 
shows that there are four molecules in the unit cell, the symmetry of the complex being 
either three mutually perpendicular planes or a four-fold axis. The latter would mean 
that the four Pd—N valencies were equivalent, but that the ion would be arranged un- 
symmetrically in the lattice relative to the chlorine ions. This is unlikely, since it would 
imply distortion of the chlorine ions, resulting in colour and reduced solubility (as, ¢.g., 
in Magnus’s salt), whereas actually the tetrammines are typical ionic substances, colourless 
and highly soluble. Thus we conclude that the tetrammine ion has three planes of 
symmetry, so that again the four nitrogens must be coplanar with the central atom, and 
the valencies must be paired. The required symmetry can be obtained with either of the 
arrangements (I) or (II). Of these, (II) (¢vans-pairing) is much to be preferred on various 
grounds; (I) represents four equal groups held by bonds of equal strength but distributed 
unequally with respect to each other, 7.e., we have in effect a pairing of valency angles. 
Apart from the fact that there is no very plausible theoretical reason for this arrangement, 
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it is clear that if there were any tendency towards it, symmetrical chelate groups such as 
ethylenediamine would be the most favourable for its development. Actually, as we have 


NH, 


NH; NH, | 
(1, pa NH,——Pd——NH, 
NH,“ NH, 
(i) NH, 


seen, the only possible arrangement in [Pden,]Cl, is that corresponding to (II). For 
[Pd(NHs),]Cl,,H,O, therefore, the evidence points strongly to “ /vans-pairing.” 

Tetramminoplatinous Chloride-—This substance is completely isomorphous with the 
preceding, but the earlier investigation (J., 1932, 1912) showed that the unit cell contained 
only one molecule, which therefore possessed full ditetragonal symmetry. In view of the 
preceding results, the work on the platinum compound was repeated, and it was found 
that the photographs with exceedingly long exposures showed weak reflexions corresponding 
to a larger cell containing four molecules. Thus the two tetrammines have exactly the 
same structure, although in the platinum compound the differentiation of the valencies 
must be very slight. (In this connexion it is significant that whereas two cis- and trans- 
isomerides of most platinous compounds, PtA,X,, are known, apparently only one corre- 
sponding palladous compound can be obtained; evidently, the difference in the strength 
of the two pairs of bonds in palladium makes the one isomeride much less stable than the 
other.) The previously published description of tetramminoplatinous chloride needs 
modification as a result of this later work, although the earlier description is still very 
nearly correct. The principal correction (loc. cit., p. 1918) is that “each platinum atom 
is surrounded by four ammonia groups in a rhombus, the angle of which is very slightly 
different from 90° ” (instead of “in a square ”’). 

a-Diamminoplatinic Tetrachloride-—This substance also crystallises in the tetragonal 
system, and the molecule has three mutually perpendicular planes of symmetry. Con- 


sequently, the two ammonia groups must be érans to each other as shown (III), while the 
four chlorines may be arranged in a plane round the central atom in either of the ways (I) 
or (II). Here again, the second arrangement is much more satisfactory, 7.e., only the 
valencies which are trans to each other are equivalent. 

Since this tetrachloride is obtained by direct chlorination of the «-diamminoplatinous 
dichloride, which in turn can be recovered by reduction of the tetrachloride, it seems 
highly probable that the dichloride has the planar ¢vans-configuration (IV). 


NH, Cl _ 
3 


(IV.) 
NH, 


8-Diamminoplatinic Tetrachloride.—This substance crystallises in orthorhombic plates ; 
on account of experimental difficulties, it was not possible to determine the molecular 
symmetry unequivocally. It appears that the molecule has not more than one element 
of symmetry, 7.e., a plane, an axis, ora centre. The usually accepted formulation for this 
substance is the un-ionised cis-structure (V), and this will satisfy the experimental re- 
quirements, if there is “‘ trans-pairing”’ of valencies. With the same proviso, a planar 
cis-configuration with two chlorines ionised off would also be satisfactory, but the symmetry 
will not admit either of the ¢vans-configuration (III), or of a tetrahedral arrangement with 
two chlorines ionised off. Thus, the @-dichloride obtained by reduction of this tetra- 
chloride almost certainly has a planar cis-configuration, with the possibility of its being 
lonised, 

Ammonium Chloropalladite——This substance was investigated by Dickinson (J. Amer. 
Chem. Soc., 1922, 44, 2404), who found that the PdCl,” ion consisted of four chlorine 
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atoms in a square round the palladium atom. In view of the results for the other substances 
described in this paper, we re-examined this salt but could find no evidence of any “ pairing.” 
The reason for this is evidently to be sought in the different distribution of shared electrons 
consequent upon the introduction into the central atom of two extra electrons from the 
ammonium ions. 

The conclusions reached in this paper are in harmony with the majority of previous 
work on platinous and palladous ammines; in particular, they offer an independent demon- 
stration of the reality of the phenomena underlying Werner’s hypothesis of “ érans- 
elimination.” The fact that corresponding palladous and platinous compounds apparently 
do not always react in the same way is probably merely a question of degree; our own 
results have shown that the differentiation of valencies does not occur to the same extent 
in the two metals. 

A suggestion which has been made in the past (e.g., Drew, J., 1932, 2328) is that in 
the complex ion of the tetrammine, the positive charges are located definitely on two 
nitrogen atoms. The differentiation of Pt-N or Pd—N bonds which we have described 
in this paper might, in certain cases, be ascribed to the supposed existence of positive 
charges on two of the nitrogen atoms only. This idea, however, is immediately invalidated 
by the fact that we find a differentiation of Pt—Cl bonds in the neutralcomplex[Pt(NH3).Clj]. 
There is also the objection that localisation of charges in complex ions should, if it exists, 
be a phenomenon of very general occurrence, ¢.g., it should be observed in K,[Pt(SCN),] 
or [Co(NH,),]Cl,, both of which have been examined by X-rays without any differentiation 
of valencies being observed. On the other hand, if the differentiation is ascribed to different 
distribution of electrons in the central atom, it is clear that the phenomenon will be entirely 
dependent on the nature of the central atom and its state of ionisation. 


EXPERIMENTAL. 


The X-ray investigations were carried out chiefly by means of single-crystal rotation and 
oscillation photographs, using Cu, radiation. Laue photographs were taken when necessary 
to confirm the symmetry. 

Bisethylenediaminoplatinous Chloride.—Ethylenediaminoplatinous chloride was dissolved 
in ethylenediamine, and alcohol added. The precipitate was dissolved in the minimum of 
water, and evaporation over phosphoric oxide yielded colourless anhydrous crystals [Found : 
Pt, 50-5. Calc. for Pt(C,H,N,),Cl,: Pt, 50-5%]. They formed triclinic combinations of 
ed b{010}, c{001}, and Q{O0I1}, usually elongated in the b direction, sometimes tabular on 
a{100}. By a combination of X-ray and goniometric measurements, the elements were found 
to be a = 8-37, b = 4-95, c = 6-86 A.U.; « = 100° 46’, 8 = 111° 40’, y = 81° 56’; a:b:c= 
1-692 : 1: 1-387. Theclassification angles are a(100) : c(001) = 69° 21’, a(100) : b(010) = 94°30’, 
b(010) : g(011) = 30° 53’, and g(011) : c(001) = 50° 40’; with one molecule in the unit cell, 
d (calc.) = 2-47 g./c.c. (Found: 2-3 approx.). 

The pinakoidal symmetry was confirmed by the absence of pyroelectricity when tested by 
Martin’s method (Min. Mag., 1931, 22, 519). (A control experiment with a fragment of tourm- 
aline showed a strong effect.) The space-group is therefore PI (C!) and the complex ion 
[Pt 2en]*" possesses a centre of symmetry. 

The corresponding palladous salt is isomorphous with the above salt and has almost identical 
celldimensions. It was prepared ina similar way [Found : Pd, 36-1. Calc. for Pd(C,H,N,),Cl,: 
Pd, 35-85%]. 

Tetvamminopalladous Chloride——The diammino-chloride was dissolved in hot aqueous 
ammonia, and the solution evaporated to dryness. Colourless prisms of the monohydrate, 
isomorphous with the corresponding platinum compound, were obtained [Found: Pd, 40°6. 
Calc. for Pd(NH,),Cl,,H,O: Pd, 40-45%]; they are tetragonal combinations of a{100} and 
o{111}, and from their development they appear to be either ditetragonal bipyramidal (Dy) 
or trapezohedral (D,). Laue photographs show full D,, symmetry. Cell dimensions: 4 = 
14-30, c = 4-27 A.U. With four molecules to the cell, d (calc.) = 2-01 g./c.c. (Found: 1-94 
approx.). 

On rotation photographs about the a-axis the odd layer lines are very weak, indicating that 
the structure approximates to one based on a unit cell with a = 7-15 A.U. and containing only 
one molecule. From the analysis of suitable oscillation photographs, it is found that the follow- 
ing planes do not reflect: (hkl) for (4 + k) odd, and (Ah/) for h odd. The former indicates 
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that the c-face is centred. The space-groups giving these halvings are D},, Ci, and Djq, 
and of these, only D3, (P4/mbm) is in agreement with the observed external symmetry. With 
this space-group and four molecules in the (base-centred) cell, the molecular symmetry (and 
therefore that of the complex ion) is either Q, or C,, i.e., three mutually perpendicular planes 
or a four-fold axis. 

Tetramminoplatinous Chloride.—This was prepared in the same way as, and is isomorphous 
with, the palladium compound [Found: Pt, 55-1. Calc. for Pt(NH;),Cl,,H,O: Pt, 55-4%). 
Previous work (J., 1932, 1912) had shown that the symmetry is D,,, and the cell dimensions 
a= 7°38, c = 4-21 A.U. Prolonged exposures have now been found to give very faint inter- 
mediate layer lines on the a-axis rotation photographs, so that the cell dimensions are a = 
14-76, c = 4-21 A.U., corresponding closely with the palladium compound, the space-group 
and molecular symmetry being apparently the same. The deviation from D,y, symmetry in 
the platinum compound is, however, very small. 

a-Diamminoplatinic Tetrachloride.—This compound was prepared by the action of chlorine 
on an aqueous solution of the corresponding dichloride [Found: Pt, 52-5. Calc. for 
Pt(NH,),Cl,: Pt, 526%]. Lemon-yellow tetragonal crystals, sometimes bipyramids, usually 
tabular on {001}, showing a positive uniaxial interference figure. The crystal class appears 
to be Dy, or Dy. Rotation photographs gave a = 5-72, c = 10-37 A.U., so, with two molecules 
in the unit cell, d (calc.) = 3-61 g./c.c. (Found: 3-3<d<3-9). 

From the analysis of oscillation photographs, the absent reflexions were found to be (ok/) 
for (k + 1) odd; the space-group is therefore D}j (P4,/mnm) and with two molecules in the cell 
the molecular symmetry is Q,, (three mutually perpendicular planes). 

It was found that all (Ak/) reflexions for which (4 + k + 2) is odd are either very weak or 
absent, showing that the lattice is very nearly body-centred. With this structure, each 
ammonia group is surrounded by eight chlorine atoms belonging to its own or adjoining mole- 
cules, and each chlorine is surrounded by four ammonias. 

From a microscopic examination it appears that the bromide is isomorphous with the 
chloride. 

8-Diamminoplatinic Tetvachloride-—This was prepared in a similar way to the a-compound 
[Found : Pt, 52-65. Calc. for Pt(NH,),Cl,: Pt, 52-6%]. It forms lemon-yellow orthorhombic 
plates, tabular on {010}, bounded by {101} and sometimes {100}. Owing to their thinness, the 
crystals are usually distorted, and on this account the cell dimensions could only be measured 
with an accuracy of about 2%, and the space-group was not determined. The cell dimensions 
are a = 10-0, b = 11-2, c = 6-0 A.U. With four molecules to the cell, d (calc.) = 3-6 g./c.c. 
(Found : 3-3<d<3-9). 

Reflexions were observed from the planes (101), (111), and (110), so that the lattice is not 
centred in any way; since the crystals appear to be holohedral, each of the four molecules in 
the cell thus possesses one element of symmetry, 7.e., a plane, an axis, oracentre. A rotation 
photograph about the [101] axis showed very weak odd layer lines, indicating that the lattice 
is very nearly (010)-centred. 

Microscopic examination suggests that the dibromide dichloride is isomorphous with the 
tetrachloride, as would be expected if the ammonias are in cis-positions. 

Ammonium Chloropalladite.—The previous measurements (Dickinson, Joc. cit.) were confirmed ; 
the rotation photographs showed no intermediate layer lines even with prolonged exposures. 


SUMMARY. 


An X-ray examination has been made of several platinum and palladium ammines. 

Further proof of the planar configuration of these compounds has been obtained, and 
in addition it has been found that the valencies of the metal atom are not all equivalent, 
but are differentiated into pairs, those of each pair being ‘rans to each other. This result 
supports the suggestion of paired valencies made by Drew, Pinkard, and Wardlaw (J., 
1932, 1006), but shows that this suggestion is not incompatible with Werner’s hypothesis 
of ¢rans-elimination, which appears to have a definite physical basis. 


The authors thank Dr. W. Wardlaw for his interest, and for numerous helpful discussions. 
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261. Molecular Dissymmetry and Physiological Activity. 


By Lestie H. Easson and EpGAR STEDMAN. 


In connexion with an investigation on the subject of the title (see Chem. and Ind., 1932, 
51, 910), it became necessary to prepare a number of methylurethanes of the general formula 
m-NHMe-CO-0-C,H,°CHR:NMeg, as well as the urethane m-NHMe-CO-O0-C,H,°CMe,"NMe,. 
The preparation and properties of these and related compounds are now described. The 
results obtained in the more biological experiments, together with a discussion of the 
theoretical aspect of the subject, will be published elsewhere. 

With the exception of the methylurethane of «-m-hydroxyphenyl:sopropyldimethyl- 
amine, the above compounds were prepared from m-methoxybenzaldehyde. By inter- 
action with the appropriate alkyl-(or aryl-)magnesium halide, this yielded the carbinol 
m-MeO-C,H,°CHR:OH, from which the bromide m-MeO-C,H,°CHRBr was obtained by the 
action of hydrogen bromide in a suitable solvent. On treatment with dimethylamine the 
bromide was converted into the amine m-MeO-C,H,°CHR:NMeg, from which the urethane 
was obtained by demethylation and direct interaction of the resulting phenol with methyl- 
carbimide. The excepted methylurethane (above) was obtained from the carbinol 
m-MeO-C,H,°CMe,°OH by a similar series of reactions. 


EXPERIMENTAL. 


Preparation of m-Methoxybenzaldehyde.—This was effected by methylating technical 
m-hydroxy benzaldehyde with sodium hydroxide and methyl sulphate according to the procedure 
of Chakravarti, Haworth, and Perkin (J., 1927, 2269). When, however, this preparation was 
used in certain of the reactions described below, products were obtained the formation of which 
could only be explained on the assumption that the methoxybenzaldehyde contained appreciable 
quantities of methoxybenzyl alcohol, no doubt produced by a Cannizzaro reaction during the 
methylation process. In order to prevent the formation of this alcohol, the addition of the 
reagents was so regulated that the solution was never allowed to become alkaline, as occurred 
in the original process. Nevertheless, the formation of a small quantity of this alcohol could 
never be wholly suppressed, nor could it be entirely eliminated from the product by careful 
fractionation. : 

m-Methoxyphenylethylcarbinol.—To the ethylmagnesium iodide prepared from 12 g. of 
magnesium, 75 g. of ethyl iodide, and 250 c.c. of ether, were added 60 g. of m-methoxybenzalde- 
hyde. After about an hour, the product was poured on ice and acidified with 50 c.c. of con- 
centrated hydrochloric acid. The ethereal layer was separated, dried over potassium carbonate, 
the solvent evaporated, and the residue distilled under diminished pressure; 62 g. of m-methoxy- 
phenylethylcarbinol were obtained as a colourless oil, b. p. 135—138°/11 mm. (Found: C, 71-6; 
H, 8-3. Cy 9H,,O, requires C, 72-3; H, 8-5%). 

a-m-Methoxyphenyl-n-propyldimethylamine.—The above carbinol (62 g.) was dissolved in 
about 250 c.c. of benzene, and the solution saturated with dry hydrogen bromide. The water 
liberated was removed with calcium bromide, and the dark solution evaporated to a small 
bulk under diminished pressure and at low temperature (35°) in order to remove the bulk of the 
hydrogen bromide. The residual oil containing the crude m-methoxyphenylethyl bromide 
was dissolved in 150 c.c. of cooled benzene, and then added to a solution of 33 g. of anhydrous 
dimethylamine in 150 c.c. of ice-cold benzene. The separation of dimethylamine hydrobromide 
soon started, and continued for a few days. When this process appeared to be complete, the 
solid was filtered off, and the filtrate extracted with dilute hydrochloric acid (from 50 c.c. of 
acid, d 1:19). The extract was washed with ether, made alkaline with sodium hydroxide, and 
the resulting oil shaken out with ether. After drying over potassium carbonate, the ether 
was removed, and the residual oil distilled under diminished pressure. The main fraction 
(40 g.) consisted of a-m-methoxyphenyl-n-propyldimethylamine, a colourless oil, b. p. 119°/11 mm. 
(Found: C, 74:3; H, 9-9. C,,H,gON requires C, 74-6; H, 9-9%). A small quantity of a 
lower-boiling fraction was also collected. This had been obtained in larger amounts in some 
earlier experiments, and was identified as m-methoxybenzyldimethylamine by conversion into 
its hydrochloride, m. p. 173° both alone and after admixture with an authentic specimen. Its 
formation can no doubt be attributed to the presence of some methoxybenzy]l alcohol in the 
aldehyde used in these experiments (see above). 
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The hydrochloride of «a-m-methoxyphenyl-n-propyldimethylamine crystallises from methyl 
ethyl ketone in clusters of small needles, m. p. 149° (Found: Cl, 15-6. C,,H,gON,HC1 requires 
Cl, 155%); it is somewhat deliquescent. The methiodide separates slowly from a solution 
of the base in acetone to which methyl iodide has been added; it crystallises from acetone in 
plates, m. p. 187° (Found: I, 38-1. C,,H,gON,CH,I requires I, 37-9%). The picrate crystal- 
lises from alcohol or aqueous alcohol in stout yellow prisms, m. p. 117°. 

a-m-Hydroxyphenyl-n-propyldimethylamine.—The above methoxy-base (20 g.) was boiled 
under reflux with constant-boiling hydrobromic acid (80 c.c.) for 5—6 hours. The acid was 
removed by distillation under diminished pressure, and the residual syrup dissolved in water. 
Addition to this of a saturated solution of sodium carbonate precipitated the phenolic base as 
an oil, which was extracted with ether. The brown oil which remained after evaporation of 
the ether solidified on standing. It was purified by distillation under diminished pressure, 
149—150°/8 mm. On recrystallisation from ligroin, «-m-hydroxyphenyl-n-propyldimethylamine 
forms flat prisms, m. p. 103° (Found: C, 73-8; H, 9-4. C,,H,,ON requires C, 73-7; H, 9°6%). 

The hydrochloride crystallises from acetone in prisms, m. p. 163° (Found: Cl, 16:3. 
C,,H,,ON,HCI requires Cl, 16-49%); the methiodide from acetone in flat prisms, m. p. 150° 
(Found: I, 39-3. C,,H,,ON,CH,I requires I, 39-6%); and the picrate from aqueous alcohol 
in long yellow prisms, m. p. 141°. 

Methylurethane of a-m-Hydroxyphenyl-n-propyldimethylamine.—The interaction between 
the foregoing base and methylcarbimide was very slow in benzene or ethereal solution. The 
phenolic base (4 g.) was therefore dissolved directly in excess (3 c.c.) of freshly-prepared methyl- 
carbimide, the mixture being cooled in ice. After standing over-night, the excess methyl 
carbimide was removed under diminished pressure without the application of heat. The 
residual syrup was stirred with a relatively large volume of dry ether, but a considerable amount 
failed to dissolve. The solution was therefore decanted through a filter, and the clear filtrate 
treated with alcoholic hydrogen chloride, avoiding excess. This caused the hydrochloride to 
separate as an oil. The solvents were decanted, and the oil washed with dry ether and dissolved 
in warm acetone. Crystalline material (3-5 g.) slowly separated from this solution. The 
hydrochloride of the methylurethane of a-m-hydroxyphenyl-n-propyldimethylamine crystallises 
from acetone in triangular pyramids, m. p. 153° (Found: Cl, 13-0. C,,;H20,N.,HCl requires 
Cl, 13-0%). 

The methiodide, similarly prepared with methy] iodide in place of alcoholic hydrogen chloride, 
crystallises from alcohol-ether or from acetone in stout prisms, m. p. 111° (efferv.) 
(Found, in air-dried material: I, 31-9, 32-1; loss on drying in vacuum at 70—80°, 4:5. 
CisHygO.N.,CH;I,H,O requires I, 32-0; H,O, 45%. Found, in material dried in vacuum : 
I, 33-7. Cy3;HggO.N,,CH,I requires I, 33-5°%). 

All attempts to prepare the free urethane in a crystalline condition, either directly from the 
reaction product or after recovery from the pure hydrochloride, failed. The salts described 
above were, moreover, not obtained originally without considerable difficulty. This was due 
to the presence of the above-mentioned oil in the reaction product, which could not be completely 
removed with ether unless a large volume of this solvent was employed. Subsequent examin- 
ation of this oil, the origin of which is discussed below (p. 1096), showed that it was soluble in 
water and was, in fact, salt-like. Its aqueous solution was therefore treated with sodium 
carbonate, which caused precipitation of an oil. This was extracted with ether, but failed to 
crystallise on evaporation of the dried extract. It readily formed, however, a hydrochloride 
which proved to be identical with that of the urethane described above. The recovery of this 
material rendered the yield of the urethane practically theoretical. 

Preparation of m-Methoxyphenyldimethylcarbinol.—Béhal and Tiffeneau (Bull. Soc. chim., 
1908, 3, 316) state that this carbinol can be prepared by the action of 2 mols. of methyl- 
Magnesium iodide on ethyl m-methoxybenzoate, and it was eventually obtained by this method 
in the present investigation. Attempts were first made to prepare it, however, by the inter- 
action of methylmagnesium iodide and m-methoxyacetophenone. m-Methoxyphenylmethy]l- 
carbinol, prepared according to Stedman and Stedman (J., 1929, 609) except that no acid was 
employed in decomposing the product of the Grignard reaction, was oxidised by Klages and 
Eppelsheim’s method (Ber., 1903, 36, 3584) to m-methoxyacetophenone. The latter (81 g.) 
Was run into a solution of methylmagnesium iodide (15 g. Mg; 85 g. Mel) in 500 c.c. of ether, 
and the Grignard compound decomposed with ice without the use of acid. The ethereal layer 
Was syphoned from the product, dried over potassium carbonate, and the residue obtained by 
evaporation of the ether distilled under diminished pressure, 70 g. of a colourless oil, b. p. 
1022—105°/13 mm., being obtained. From its odour, this was evidently not the required carbinol ; 
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moreover, it decolorised a cold solution of potassium permanganate, and absorbed bromine 
immediately. It thus clearly consisted of slightly impure m-methoxyisopropenylbenzene, 
which, according to Béhal and Tiffeneau (loc. cit.), is obtained if 3 mols. of methylmagnesium 
iodide are used in their method. 

In view of this result, the carbinol was prepared from ethyl m-methoxybenzoate. m-Meth- 
oxybenzoic acid was obtained by the slow addition of the corresponding aldehyde to a slight 
excess of aqueous potassium permanganate, and the excess of the latter finally destroyed by 
warming the solution with a little methyl alcohol. The solution was filtered, acidified with 
hydrochloric acid, and the acid which separated was filtered off and recrystallised from water; 
m. p. 106-5°. (The m. p.’s given in the literature range from 104-5° to 110°; these preparations 
were, however, made by methods different from the above.) It was then esterified with ethyl 
alcohol in the presence of sulphuric acid, and the ethyl m-methoxybenzoate (40 g.) converted 
into m-methoxyphenyldimethylcarbinol, b. p. 130°/13 mm. (yield 31 g.), by interaction with 
methylmagnesium iodide according to the usual procedure but avoiding the use of acid. 

a-m-Methoxyphenylisopropyldimethylamine.—This was first prepared by the successive 
action of hydrogen bromide and dimethylamine (40 g.) on m-methoxyisopropenylbenzene (70 g.) 
under the conditions described above (p. 1094), 3 days being allowed for the interaction between 
the bromide and the dimethylamine. On working up the product, only 10 g. of a-m-methoxy- 
phenylisopropyldimethylamine, b. p. 125—127°/13 mm., were obtained. The hydrochloride, 
m. p. 96°, crystallises from acetone; the methiodide, octagonal tablets which decompose without 
melting at about 180° (Found: I, 37-8. C,.H,,ON,CH,I requires I, 37-9%) from acetone; 
and the picrate, yellow hexagonal plates, m. p. 138°, from alcohol. 

The same base was similarly prepared from m-methoxyphenyldimethylcarbinol. From 
31 g. of the carbinol and 22 g. of dimethylamine only 5 g. were obtained. In order to discover 
the cause of the poor yield, the benzene solution from which the base had been extracted was 
dried over potassium carbonate and the benzene removed by distillation. The residue was 
distilled under diminished pressure, and 17 g. of a colourless oil, b. p. 102°/13 mm., were obtained. 
This was evidently pure m-methoxyisopropenylbenzene for which von Auwers (Annalen, 1917, 
413, 309) gives b. p.99°/12mm. Itisclear that dimethylamine removes hydrogen bromide from 
the greater portion of the a-m-methoxyphenylisopropyl bromide with the formation of a 
styrene. 

a-m-Hydroxyphenylisopropyldimethylamine, obtained by demethylation of the above 
methoxy-base with hydrobromic acid, crystallises from benzene in flat prisms, m. p. 129° 
(Found : N, 7-8, 7:7. C,,H,,ON requires N, 7-8%). The methiodide crystallises from alcohol- 
ether in prisms, m. p. 151° (Found: I, 39-7. C,,H,,ON,CH,I requires I, 39-6%), and the 
hydrochloride from alcohol in long needles, m. p. 213° (Found: Cl, 16-6. C,,H,;ON,HCI 
requires Cl, 16-5%). 

Methylurethane of a-m-Hydroxyphenylisopropyldimethylamine.—The above phenolic base 
(1 g.) was treated with methylcarbimide (1-5 c.c.), in which it slowly dissolved with some evolution 
of heat. By the next day a mass of crystals had separated. After removal of the excess 
methylcarbimide, the crude urethane was treated with ether, in which the crystals dissolved; 
the solution was decanted from the sticky residue (A, see below), and the solvent evaporated. 
The crystalline product was dissolved in not light petroleum, the solution cooled rapidly, and 
filtered from a little oil which separated. The methylurethane of a-m-hydroxyphenylisopropyldi- 
methylamine crystallised from the filtrate in hexagonal plates, m. p. 96° (Found : C, 65-8, 65:6; 
H, 8-5, 8-4; N, 11-5. C,,H.,O,N, requires C, 66-1; H, 8-5; N, 119%). The hydrochloride 
crystallises from methyl alcohol in prisms, m. p. 234° (efferv.) (Found : Cl, 13-1. C ,,;H,..0,N,,HCl 
requires Cl, 13-0%), and the methiodide from alcohol-ether in clusters of needles, which melt at 
160° on rapid heating, but immediately resolidify (Found: I, 33-7. C,3;H..O.N,,CHsI requires 
I, 33-5%). 

The residue (A) crystallised from acetone, and on recrystallisation by addition of ether 
to its alcoholic solution, it formed hexagonal plates, m. p. 143°. Like the substance obtained 
during the preparation of the isomeric urethane, it was salt-like in nature, and on treatment 
with sodium carbonate yielded the pure urethane. It contained sulphur, but although possessing 
the appearance of a pure substance gave analytical results (Found: C, 48-1; H, 6-7; N, 10-9, 
11-0; S, 8-5, 8-3%) from which no satisfactory formula could be deduced. It is clear, however, 
that the sulphur must have originated from an impurity present in the methylcarbimide, which 
was prepared from methyl sulphate and potassium cyanate. One would presume, further, 
that the impurity was acidic were it not for the fact that the formation of this compound could 
not be suppressed even when the methylcarbimide was redistilled from quick-lime. 
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Except where details are given, the following compounds were prepared by methods similar 
to those described above. 

a-m-Methoxyphenyl-n-butyldimethylamine (36 g. from 66 g. of the corresponding carbinol), 
b. p. 129—130°/11-5 mm. (Found: C, 75-0; H, 10-2. C,sH,,ON requires C, 75-4; H, 10-2%). 
The hydrochloride crystallises in fine needles from methyl] ethyl ketone but is very deliquescent. 
The methiodide crystallises from acetone in triangular platelets, m. p. 119-5° (Found: I, 36-3. 
C,s3H,,ON,CH,I requires I, 36-4%). The picrate forms yellow needles from alcohol, m. p. 
99—100°. 

a-m-Hydroxyphenyl-n-butyldimethylamine, slender prisms, m. p. 107°, from ether or ligroin 
(Found : C, 74-9; H,9-9. C,,H,,ON requires C, 74-6; H, 9-9%). It was purified by distillation 
under diminished pressure, and then had b. p. 170°/12 mm.; yield 93%. The hydrochloride 
crystallises from methyl ethyl ketone in tablets, m. p. 86° (Found, in air-dried material: Cl, 
14-4, 14-5; loss in weight when dried in a vacuum at 60°, 7-2. C,,H,;,ON,HCI1,H,O requires 
Cl, 14:3; H,O, 7:3%); the methiodide crystallises from acetone in thick hexagonal tablets, 
m. p. 191—192° (rapid heating) (Found: I, 37-7. C,,.H,,ON,CHgI requires I, 37-9); and the 
picrate separates from alcohol as yellow rhombs, m. p. 154°. 

Phenylurethane of a-m-hydroxyphenyl-n-butyldimethylamine. The phenolic base (4 g.) 
and phenylcarbimide (2-5 g.) were dissolved in benzene (20 c.c.). After 2 days, a crystalline 
deposit (probably diphenylurea) was removed by filtration, and light petroleum added to the 
filtrate, causing crystalline material (5-7 g.) to separate. When recrystallised from ligroin, 
this phenylurethane forms stout prisms, m. p. 96° (Found: C, 73-2; H, 7-7. CyH,O.N, 
requires C, 73-1; H, 7-8%). The Aydrochloride crystallises from acetone containing a little 
alcohol in small rectangular tablets, m. p. 201° (efferv.; rapid heating) (Found: Cl, 10-2. 
CigH.4,O.2N2,HCl requires Cl, 10-2%). The methiodide crystallises from acetone-ether in prisms, 
m. p. 146°. 

Methylurethane of a-m-hydroxyphenyl-n-butyldimethylamine.—The free urethane could not 
be obtained crystalline, but the hydrochloride crystallised from acetone in prisms, m. p. 143° 
(Found : Cl, 12-4. C,,H,,0,N,,HCl requires Cl, 12-3%), and the methiodide from the same solvent 
in slender flat prisms, m. p. about 176° (efferv.) (Found : I, 32-6, 32-2. C,,H..O,N,,CH,I requires 
I, 32-4%). 

m-Methoxyphenyl-n-butylcarbinol, b. p. 130—133°/3 mm.; yield 88% (Found: C, 73-6; 
H, 9-2. C,,H,,O0, requires C, 74-2; H, 94%)... 

a-m-Methoxyphenyl-n-amyldimethylamine, b. p. 146—148°/13 mm. (Found: C, 75-6; H, 
10-5. C,,H,,ON requires C, 76-0; H, 10-5%); yield 50%. The hydrochloride crystallises from 
ethyl acetate or acetone in flat prisms, m. p. 130-5° (Found: Cl, 13-9. C,,H,,O0N,HCl requires 
Cl, 13-8%). The picrate, m. p. 91°, forms flat yellow prisms from alcohol. The methiodide 
could not be crystallised. 

a-m-Hydroxyphenyl-n-amyldimethylamine, b. p. 173°/10 mm., pyramid-shaped crystals, 
m. p. 91° from ligroin or ether (Found: C, 75-3; H, 10-1. C,,;H,,ON requires C, 75-4; H, 
10-2%); yield 87%. The hydrochloride could not be crystallised. The methiodide crystallised 
from acetone-ether in hexagonal plates, m. p. 141° (Found: I, 36-5. C,,H,,ON,CH,I requires 
I, 36-4%). The picrate, m. p. 126°, separates from alcohol in yellow rhombs. Neither the 
methylurethane nor its salts could be obtained crystalline, but the phenylurethane crystallises 
from ligroin in stout prisms, m. p. 103° (Found: C, 73-9; H, 8-1. C,. ,H,,O.N, requires C, 
73-6; H, 8-0%). The hydrochloride, m. p. 166°, crystallises in long prisms from acetone con- 
taining a little alcohol (Found: Cl, 9-9. C.9H,.0,N,,HCl requires Cl, 9-8%). 

m-Methoxydiphenylmethyldimethylamine, a thick colourless oil, b. p. 179°/12 mm. (Found : 
C, 79-5; H, 81. C,,H,,ON requires C, 79-7; H, 7:9%); hydrochloride, rectangular prisms, 
m. p. 182° (Found: Cl, 12-8. C,,H,gON,HClI requires Cl, 12-8%), from acetone. 

m-Hydroxydiphenylmethyldimethylamine, b. p. 205—207°/10 mm., crystallises from ligroin 
in tablets, m. p. 94°. The hydrobromide separates from the reaction mixture, in the demethy]l- 
ation process, as a crystalline mass. It was recrystallised from water and from acetone-ether 
(Found, in air-dried material: Br, 24-8; loss in weight on drying in a vacuum at 100°, 5-5. 
C,;H,,ON,HBr,H,O requires Br, 24-5; H,O, 55%. Found, in dried material: Br, 26-1. 
C,;H,,ON,HBr requires Br, 26-0%). The picrate forms yellow prisms, m. p. 129°, from alcohol. 
The phenylurethane crystallises from ligroin in needles, m. p. 119° (Found: C, 76-3; H, 6-4. 
C,.H.»O,N, requires C, 76-3; H, 64%), and the methiodide of the latter from acetone in 
pyramids, m. p. 186° (efferv.; rapid heating). 

Methylurethane of m-Hydroxydiphenyldimethylamine.—After removal of the excess methyl- 
carbimide from the product of its interaction with the phenolic base, the residual syrup was 
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stirred with ether, and the solution decanted from some insoluble material. The methylurethane 
was obtained as an oil on evaporation of the ether. It separated from benzene-light petroleum 
in square crystals, m. p. 80° (Found: N, 9-75, 9-8. C,,H,,O,N, requires N, 9-9%). The 
hydrochloride crystallises from alcohol—ether in prisms, m. p. 204° (efferv.) (Found: Cl, 11-2, 
C,7H»O,N,,HCl requires Cl, 11-1%); the methiodide from alcohol-ether in rectangular prisms 
which decompose above 140° without melting (Found: I, 29-95. Cj ;H2O,N,,CH,I requires 
I, 29-8%), and the picraie from acetone in yellow double pyramids, m. p. 182° (Found: N, 13-4, 
C,7H»O,N,,C,H,O,N, requires N, 13-7%). The last salt was prepared before the urethane 
had been obtained crystalline, and the base could be recovered from it without decomposition 
by shaking it with ammonia and ether. 

The material, insoluble in ether, which was formed in the preparation of this urethane 
crystallised from alcohol—ether and had m. p. 124° (efferv.). Like the similar material obtained 
in the preparation of the other methylurethanes, it yielded the required methylurethane on 
treatment with sodium carbonate. Analyses (Found: C, 54-7; H, 6-6; N, 8-7, 8-65; S, 68%) 
could not, however, be interpreted. 


Most of the expenses of this investigation have been met by grants from the Earl of Moray 
Research Fund of this University. 


DEPARTMENT OF MEDICAL CHEMISTRY, 
UNIVERSITY OF EDINBURGH. [Received, August 15th, 1932.) 





262. The Synthesis of Compounds related to the Sterols, Bile Acids, and 
Oestrus-producing Hormones. Part I. 1: 2-cycloPentenophenanthrene. 


By J. W. Cook and C, L. HEwETT. 


THE structures of the two dimerides of as.-diphenylethylene have been conclusively 
established by Bergmann and Weiss (Anmnalen, 1930, 480, 49) as aayy-tetraphenyl- 
A*-butene (I) and 1:3: 3-triphenyl-l-methylhydrindene (II), and the remarkable ease 
with which (I) is converted into (II) suggested to us that this type of cyclisation of aromatic 
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olefins might prove of general application as a synthetic method for compounds containing 
condensed ring systems. Such a method would be adaptable to the synthesis of com- 
pounds closely related to the sterols, bile acids, and oestrins, for which existing methods of 
phenanthrene-ring synthesis are unsuitable. The synthesis of naphthalene derivatives by 
a method similar to that now described has been accomplished by Darzens (Com#t. rend., 
1926, 183, 748; 1930, 190, 1562). 

With stannic chloride as a condensing agent (cf. idem, ibid., 1910, 150, 707), phenyl- 
acetyl chloride reacted with cyclohexene, and 1l-naphthylacetyl chloride with 1-methyl- 
A}-cyclopentene, to give addition products which were converted by hot dimethylaniline 
into 1-phenylacetyl-Al-cyclohexene (III) and 1-«-naphthylacetyl-2-methyl-A-cyclopentene 
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(IV) respectively. The conditions used for the preparation of these ketones might well 
have given the corresponding phenanthrene derivatives, and perbenzoic acid titrations 
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were used to distinguish between these alternative structures. The titrations clearly 
indicated the presence of a double bond in each case, so structures (III) and (IV) are 
correct. Further evidence was provided by the fact that selenium dehydrogenation of 
the product of the action of methylmagnesium iodide on (III) furnished no 9-methyl- 
phenanthrene, which should have been smoothly formed if the tricyclic structure were 
correct. 

All attempts to effect direct conversion of (III) into the corresponding keto-octa- 
hydrophenanthrene have failed (see p. 1106). The inhibiting influence of the ketonic group 
was undoubtedly responsible for this failure, for when the ketone (III) was reduced by 
Clemmensen’s method, and the product dehydrogenated with selenium, phenanthrene was 
formed. Hence cyclisation had occurred at some stage of the process. 

Accordingly, oxygen-free compounds analogous to (III) and (IV) were next inves- 
tigated, with very successful results. 1-8-Phenylethyl-A'-cyclohexene (V) was obtained by 
dehydration of the carbinol resulting from cyclohexanone and £-phenylethylmagnesium 
chloride. This hydrocarbon was readily converted under a variety of conditions into 
1:2:3:4:9:10:11:12-octahydrophenanthrene (VI),* the constitution of which 
followed from the fact that it was saturated towards bromine and was smoothly dehydro- 
genated to phenanthrene. This octahydrophenanthrene had been obtained by Bardhan 
and Sengupta (J., 1932, 2520) by a somewhat similar method (we are indebted to Dr. R. D. 
Haworth for drawing our attention to this paper which we had overlooked), but as Bogert 
(loc. cit.) has pointed out, the present method is much simpler than that of Bardhan and 
Sengupta, and also demonstrates the true nature of the cyclisation process, which was 
apparently unsuspected by the Indian authors. 

In a similar manner, the Grignard compound of 8-1-naphthylethyl chloride was condensed 
with cyclopentanone to yield a carbinol (VII) which was dehydrated by potassium hydrogen 
sulphate to give 1-(8-1’-naphthylethyl)-A'-cyclopentene (VIII), and this olefin was isomerised 


aan ae 4 ya fiche én 
EY OQ \ £eé (VIII.) 


| 
OY J (1X.) WAC 


by aluminium chloride or stannic chloride into 1 : 2-cyclopentano-1 : 2: 3 : 4-tetrahydro- 
phenanthrene (IX).t Cyclisation of both of the hydrocarbons (V and VIII) takes place 


* After the publication of our preliminary communication (Chem. and Ind., May 26th, 1933), de- 
scribing the work now recorded, Col. M. T. Bogert was good enough to send us a copy of his note 
(Science, March 17th, 1933) announcing the synthesis of this octahydrophenanthrene by a method 
apparently identical with our own, except that phenylethyl bromide was used where we used the 
chloride. No experimental details have been published by Col. Bogert, and we therefore include an 
account of our own experiments in the present communication. 

+ In consequence of Richter’s use of the term “ naphthindene’’ for what would now be called a 
benzindene, our hydrocarbon (IX) cannot be called, as it should be, a hexahydronaphthindene. 
Moreover, it seems undesirable to perpetuate any of the numerous anomalies of this type intro- 
duced by Richter, so we refrain from using the term benzonaphthindene. Since (X) is a fusion of a 
cyclopentene and a phenanthrene ring, Ruzicka’s use (Helv. Chim. Acta, 1933, 16, 833) of the name 
cyclopentanophenanthrene for this compound seems illogical, and we adhere to the nomenclature 
already used by one of us (J., 1931, 2529) for similar fused cyclopentene rings. 
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with the utmost ease, and it is of interest that every stage of the synthesis of (IX) from 
a-bromonaphthalene may be effected at room temperature. The ring system of (IX) is 
that which is now known to be present in the sterols, the bile acids, and the ovarian 
hormone. 

The cyclisation of naphthylethylcyclopentene (VIII) by anhydrous aluminium chloride 
was effected under conditions which suffice for the complete conversion of cis- into trans- 
decalin (Zelinsky and Turowa-Pollak, Ber., 1932, 65, 1299; cf. ibid., 1929, 62, 1658), so 
the chief product of the reaction, readily obtained pure through the medium of its well- 
crystallised picrate, is probably the trans-isomeride of (IX), in which the five-membered 
ring is joined to the adjacent six-membered ring by /rans-linkages. The configuration of 
these two rings appears to be the same, therefore, as that of the corresponding rings in the 
sterols and bile acids (Wieland and Dane, Z. physiol. Chem., 1933, 216, 91). Thestructures 
assigned to the compounds (VIII) and (IX) are in agreement with their chemical behaviour 
and optical properties, although at present there is no positive evidence that (IX) is not 
the alternative spirocyclic compound which might be formed by six-membered ring-closure 
at position 8 of the naphthalene system. This possibility in no way invalidates the 
structure assigned to 1: 2-cyclopentenophenanthrene (below). 

Ring closure of 1-8-phenylethyleyclohexene (V) was most conveniently effected by 
sulphuric acid in acetic acid at 100°, but when this procedure was adopted with (VIII) the 
acid caused dehydrogenation, sulphur dioxide being liberated with the formation of 
1 : 2-cyclopentenophenanthrene (X). It was not necessary to isolate the hydrocarbon 
(VIII), for (X) was obtained directly from the carbinol (VII) by warming with sulphuric 
acid in acetic acid. Indeed, this operation forms an extremely convenient method of 
preparation of 1 : 2-cyclopentenophenanthrene. 

The selenium dehydrogenation of condensed-ring compounds of known structure 
containing five-membered rings has not hitherto been studied, and the behaviour of the 
compounds now described presents many points of interest. The following are briefly 
the facts. 

(i) The pure ¢vans-hydrocarbon (IX) was scarcely attacked by selenium at 300— 
320° during 24 hours. Above 330°, hydrogen selenide was readily liberated, and at 
330—340° dehydrogenation proceeded smoothly with the formation of a hydrocarbon, 
C,,H 4, probably (XI) or (XII). There was no evidence of the intermediate formation of 
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the cyclopentenophenanthrene (X), for when the selenium treatment was curtailed, only 
the indene compound (XI or XII) and the original hydrocarbon (IX) were isolated, and a 
careful search failed to reveal the presence of any of the hydrindene compound (X). 

(ii) Selenium dehydrogenation (at 305—325°) of the mixture of hydrocarbons obtained 
by the action of stannic chloride on 1-(8-1’-naphthylethyl)cyclopentanol (VII) or of the 
saturated, but non-picrate-forming, constituents of the crude mixture containing the 
trans-cyclopentanotetrahydrophenanthrene (IX) formed by the action of aluminium 
chloride on (VIII) led to crystalline hydrocarbon mixtures from which 1 : 2-cyclopenteno- 
phenanthrene (X) was readily isolated by purification through the s-trinitrobenzene 
complex. 

(iii) Pure 1: 2-cyclopentenophenanthrene (X) was recovered completely unchanged 
after treatment with selenium at 340° for 12 hours. There was no trace of the indene 
compound (XI or XII), which forms a characteristic sparingly soluble dark red picrate, 
and should have been readily detected if present. This is in agreement with the observ- 
ations of Ruzicka and Thomann (Helv. Chim. Acta, 1933, 16, 224), who were unable to 
dehydrogenate the “C,,H,,” hydrocarbon from cholesterol, for it is shown (p. 1103) 
that this hydrocarbon probably consists essentially of 1 : 2-cyclopentenophenanthrene. It 
may be remarked that similar failure to dehydrogenate such a five-membered ring-system 
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had been anticipated and observed by one of us (J. W. C.) in the analogous case of 
5 : 6-cyclopenteno-1 : 2-benzanthracene before he suggested to Dr. Rosenheim and his 
collaborators at a meeting of the Biochemical Society (December 16th, 1932) that the 
“(C,gH,,” compound from cholesterol was 1 : 2-cyclopentenophenanthrene. 

At first sight, these three sets of observations seem somewhat conflicting, but we believe 
that there is a simple stereochemical explanation which we advance provisionally as seeming 
the only satisfactory interpretation of the facts. The mixtures referred to under (ii) 
probably contain cis-cyclopentanotetrahydrophenanthrene (IX) which readily loses the 
two hydrogen atoms attached to the tertiary carbon atoms, giving a tetrahydro- 
indene compound, which smoothly passes into the hydrindene compound (X). With 
the ¢rans-cyclopentanotetrahydrophenanthrene the case is rather different. Here, 
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the two tertiary hydrogen atoms are remote from one another; elimination is less 
readily effected, but when it does take place, four hydrogen atoms are eliminated in 
pairs (e.g., at 2’: 3’ and 1’: 5’) to give a compound such as (XIII), whjch subsequently 
undergoes further dehydrogenation and rearrangement. The important point is that in 
this way removal of hydrogen from the five-membered ring is initiated. Differences in 
chemical behaviour between cyclic stereoisomerides are, of course, well known, one 
interesting example having been previously observed by one of us in the case of cis- and 
trans-1 : 5-dichloro-9 : 10-dihydroanthraquinols (Barnett, Cook, and Matthews, Rec. trav. 
chim., 1925, 44, 728). 

The obvious objection to this explanation, viz., that cholesterol, which apparently 
contains the corresponding rings also locked in the ¢rans-position (Wieland and Dane, 
loc. cit.), gives the hydrindene (X) and not the indene (XI or XII), is readily answered when 
it is realised that in this case the middle six-membered ring is reduced so that the hydrogen 
atom (or methyl group) at position 1 may be eliminated with the methyl group (or hydrogen 
atom) at position 11 (scheme of numbering on p. 1099). Hence there is no necessity for 
the five-membered ring to be involved. 

The prototropic mobility of the indene system, definitely established by the identity 
of 5- and 6-methoxyindenes (Ingold and Piggott, J., 1923, 123, 1469), would suggest that 
(XI) and (XII) represent tautomeric forms of the same substance. It is now recognised, 
however, that the #-methoxy-group greatly facilitates such prototropic changes (compare 
Shoppee, J., 1931, 1225), so that the system (XI) == (XII) is probably less mobile than 
the one investigated by Ingold and Piggott, and the two structures may represent different 
substances, one of them possibly convertible into the other as in the case of 1- and 3-benzyl- 
indenes (Courtot, Compt. rend., 1915, 160, 523), and 1:2- and 1: 3-diphenylindenes 
(Garcia Bantis and Calvet, Anal. Fis. Quim., 1929, 27, 49). This may be the explanation 
of the fact that, in addition to the hydrocarbon C,,Hj,, m. p. 143° (picrate, m. p. 192°), 
there was also formed by the dehydrogenation of the /vans-tetrahydro-compound (IX) a 
smaller yield of a substance, m. p. 68—70° (picrate, m. p. 208—209°). Both compounds 
gave the same series of colour and fluorescence changes with concentrated sulphuric acid, 
and their inter-relationship is being further examined. If it be accepted that these two 
substances are represented by formule (XI) and (XII), then it follows that neither the 
hydrocarbon, m. p. 239—240°, obtained from cholesterol by Ruzicka and Thomann (loc. 
cit.), nor the hydrocarbon, m. p. 243°, obtained from oestrin by Butenandt (Angew. Chem., 
1932, 45, 655) can have these structures. 

Analogous reactions to those described above have been carried out using cyclohexanone 
instead of cyclopentanone. Thus, the action of sulphuric acid in acetic acid on 1-(8-1’- 
naphthylethyl) cyclohexanol (corresponding with VII) resulted in an oil from which chrysene 
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was obtained by dehydrogenation with selenium. Moreover, the action of aluminium 
chloride on the dehydration product of this carbinol (corresponding with VIII) led to a 
mixture from which the sparingly soluble, highly coloured picrate (m. p. 141—142°), pre- 
sumably of /vans-as.-octahydrochrysene, was obtained. These experiments, which are not 
yet complete, will be described in a future communication. 

The ease with which the formation of the six-membered ring takes place with the 
hydrocarbons (V) and (VIII) suggested that a similar reaction might be utilised for the 
synthesis of fluorene derivatives. Two examples of this have already been given by 
Wallach (Ber., 1896, 29, 2962; Annalen, 1899, 305, 261), who obtained saturated hydro- 
carbons by dehydration of 6-benzyl-3-methylcyclohexanol and benzylmenthol. He failed 
to recognise the true nature of the reaction and represented it as ring closure by dehydration, 
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It seems clear that the initial product of the reaction was the cyclohexene derivative, which 
subsequently isomerised to the fluorene derivative, for we found that 1-benzylcyclohexanol 
was converted under the same conditions (phosphoric oxide at 160°) into a saturated hydro- 
carbon which can be formulated only as hexahydrofluorene (XV). 
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It is noteworthy that cyclisation of benzylcyclohexene (XIV) could not be effected by 
stannic chloride or aluminium chloride at room temperature or by sulphuric acid in acetic 
acid at 100°, conditions which sufficed for facile closure of the six-membered ring in the 
case of (V) and (VIII). Under all of these conditions the olefin (XIV) was either unaltered 
or largely converted into high-boiling resinous products. The constitution of the 
unsaturated dehydration product of 1-benzylcyclohexanol as 1-benzyl-Al-cyclohexene 
(XIV) has been established with certainty by von Auwers and Treppmann (Ber., 1915, 
48, 1218), so its failure to undergo cyclisation cannot be explained by assuming that the 
double bond is extracyclic. 

The formation of the five-membered ring in (II) from the olefin (I) takes place very 
readily, so the experiments now recorded provide confirmation of the fact that five- 
membered rings are much less readily formed than six-membered rings when the new ring 
is situated between two cyclic systems. It was lack of appreciation of this fact that led 
to the original erroneous conclusion that ‘‘ Ring II ” of the sterols and bile acids was five- 
membered, the fallacy of this conclusion being first pointed out by Rosenheim and King 
(Chem. and Ind., 1932, 51, 464). 

Attempts to obtain fluorene by dehydrogenation of the hexahydro-compound (XV) 
were unsuccessful ; failure of the selenium treatment was probably due to the comparatively 
low boiling point of the hydrocarbon, which did not permit of the attainment of a suffi- 
ciently high temperature for dehydrogenation to occur. Doubtless this difficulty will 
disappear in the case of the more complex fluorene derivatives which it is hoped to 
synthesise by the same type of method. 

The synthesis of 1 : 2-cyclopentenophenanthrene (X) was undertaken in order to compare 
it with the hydrocarbon “‘ C,,H,,” obtained by the selenium dehydrogenation of chole- 
sterol or cholesteryl chloride (Diels, Giadke, and Kérding, Annalen, 1927, 459, 1), of 
ergosterol (Diels and Karstens, Annalen, 1930, 478, 129), and of cholic acid (Ruzicka and 
Thomann, Helv. Chim. Acta, 1933, 16, 224). On the basis of the new sterol and bile acid 
formulation (Rosenheim and King, Chem. and Ind., 1932, 51, 464, 954; Wieland and 
Dane, Z. physiol. Chem., 1932, 210, 268), it seemed probable that ‘“‘C,,H,,” was really 
cyclopentenophenanthrene, C,,H,, (compare Rosenheim and King, Chem. and Ind., 1933, 
52, 301), and we have already suggested (ibid., p. 451) that our preliminary comparison of 
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the two hydrocarbons lent support to this view. We are now definitely of the opinion 
that the hydrocarbon from cholesterol (which we have obtained appreciably purer than 
Diels’s sample but still not quite pure) consists essentially of 1 : 2-cyclopentenophenanthrene 
(X). By anew dehydrogenation experiment in which cholesteryl chloride was heated with 
selenium for 120 hours, the temperature being kept strictly within the limits 320—340°, 
we obtained a specimen of ‘‘ C,,H,,”’ which, after purification through the picrate and 
s-trinitrobenzene complex, gave the following m. p. and mixed m. p. values: 
*“*C,,H,,°’ from 1 : 2-cycloPenteno- 
Compound. cholesterol. phenanthrene. Mixed m. p. 


Hydrocarbon 131—133° (sinters 129°) 134°5—135° 131—133° 
123-5—124°5 134:°5—135 124—127 
s-Trinitrobenzene complex 148—149°5 166—167 151—154 


25 


-7°0 
2000 2500 3000 
Wave-length, A. 


-—-+—- Hydrocarbon “ C,,H,,’’ from cholesterol. 
x—x—x Synthetic 1 : 2-cyclopentenophenanthrene. 


The two hydrocarbons have also been examined spectroscopically, and their absorption 
curves are here reproduced, the following being the wave-lengths of the maxima (A.) : * 


Cholesterol hydrocarbon 2167 2584 2795 2887 3007 3209 3359 3518 
Synthetic cyclopentenophenanthrene 2165 2586 2798 2883 3007 3211 3360 3518 


The inaccessibility of the hydrocarbon from cholesterol in appreciable quantity has rendered 
it impracticable to attempt to devise methods for the complete removal of the persistent 
- impurity. 

The dehydrogenation of cholesteryl chloride can be considerably accelerated by using 
a slightly higher temperature (340—360°), but it is then much more difficult to isolate the 

* Dr. J. D. Bernal has been so good as to make an X-ray crystallographic comparison of the two 
hydrocarbons. He will describe this elsewhere, but it should be stated here that the results do not 
appear to support our conclusion. We would point out, however, that the hydrocarbon from chole- 
sterol has not yet been obtained in a state of purity, and in comparisons of this nature the possible 
influence of the unknown impurity must be taken into account. 
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hydrocarbon ‘‘C,,H,,” in a state approaching purity. In fact, in one such ex- 
periment, purification of the crystalline product through the picrate and the s-trinitro- 
benzene complex led to a substance, m. p. 230—233° (after sintering), which seemed to be 
impure chrysene. Chrysene was obtained by Diels and Karstens (loc. cit.) as the chief 
product of the selenium dehydrogenation of cholic acid, whereas Ruzicka and Thomann 
(loc, cit.) failed to isolate any chrysene. The discrepancy between these two observations 
is possibly due to the use of a somewhat higher temperature by the first two authors, with 
consequent molecular rearrangement. There seems no doubt that cholesterol gives 
chrysene when dehydrogenated at higher. temperatures by agents other than selenium 
(Diels and Gadke, Ber., 1927, 60, 140; Raudnitz, Petri, and Stadler, Ber., 1933, 66, 879). 

We have confirmed the findings of Diels, Gadke, and Kérding that chromic acid 
oxidation of the “ C,,H,,”’ hydrocarbon from cholesterol gives no definite product, and 
we have been unable to obtain any evidence of the formation of an o-quinone by oxidation 
of this hydrocarbon or of synthetic cyclopentenophenanthrene. It appears that oxidation 
of the five-membered ring takes place with much the same ease as oxidation of the 
phenanthrene system, with consequent profound breakdown of the molecule. 1 : 2-cyclo- 
Pentenophenanthrene thus occupies an intermediate position between 4 : 5-benzhydrindene, 
which is smoothly oxidised in the five-membered ring without attack of the naphthalene 
system, giving 4: 5-benz-3-hydrindone * (XVI; Kruber, Ber., 1932, 65, 1389), and the 
cyclopenteno-1 : 2-benzanthracenes, which are unattacked in the five-membered ring and 
pass readily into the cyclopenteno-1 : 2-benzanthraquinones (Cook, J., 1931, 2529). The 
failure to isolate a quinone from 1 : 2-cyclopentenophenanthrene is thus in harmony with 
the well-known fact that the meso-positions of the phenanthrene system are less reactive 
than the corresponding positions of the anthracene system. 

By the action of pyridine on the nitrogen peroxide adduct of the “C,.H,,” hydro- 
carbon from cholesterol, Diels, Gadke, and Kérding isolated a nitrogenous compound, 
C,3,H,,0,N, which they suggested, chiefly on the basis of ultimate analysis, was not a nitro- 
compound but a nitroso-ketone. This assumption is unnecessary if the hydrocarbon is 
really C,,H,,4, and the reaction may now be interpreted as addition of nitrogen dioxide, 
followed by loss of nitrous acid with the formation of a nitro-derivative of the original 
hydrocarbon (C,,H,,0,N). 

Before the synthetic methods which have been described had been worked out, other 
possible routes to compounds containing the cyclopentenophenanthrene ring system had 
been explored. Haworth, Letsky, and Mavin (J., 1932, 1784) had shown that succinic 
anhydride condensed with 2-methylnaphthalene in position 6, so that it seemed possible 
that 4: 5-benz-3-hydrindone (XVI) would likewise condense with succinic anhydride in 
the corresponding position of the naphthalene system, in which case the desired ring system 
could have been attained by reduction and then cyclisation. 


co— — “COME 
YY WY oOo 
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(XVI) (XVIL.) (XVIII) 


No condensation between 4: 5-benz-3-hydrindone (XVI) and succinic anhydride in 
presence of aluminium chloride occurred at normal or slightly elevated temperatures, 
whereas at higher temperatures only dark-coloured resinous products were formed. This 
failure to condense under normal conditions is in accord with the view already expressed 
(this vol., p. 399) that substitution of 2-methylnaphthalene in position 6 is due to primary 
entry of the substituent into position 1, followed by migration ; for, in the case now under 
consideration, position 1 is already occupied and such a mechanism could not prevail. 

4 : 5-Benz-3-hydrindone (XVI) was readily formed by dehydration of g-2-naphthyl- 
propionic acid with stannic chloride, a procedure which renders the cyclic ketone much 


* In these reduced rings, we do not adhere to the naphthindene convention (see footnote, p. 1099) 
for the unreduced indene rings 
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more accessible than the method of Mayer and Sieglitz (Ber., 1922, 55, 1855). By Clem- 
mensen reduction, this ketone was converted into 4 : 5-benzhydrindene (XVII), which was 
required for spectroscopic study. This hydrocarbon has not hitherto been prepared 
synthetically, although Kruber (/oc. cit.) has recently isolated it from coal tar. 

Another possible method of synthesis of compounds of the type we were seeking seemed 
to be provided by an adaptation of the reaction of Kon and Qudrat-i-Khuda (J., 1926, 
3071), who showed that 1-acetyl-A1-cyclohexene condensed with ethyl sodiomalonate to 
give a derivative of 1:3-diketodecalin. Such a reaction with 2-acetyl-1-methyl-3:4-dihydro- 
phenanthrene (XVIII) would give rise to a hydrogenated chrysene derivative in which 
degradation of the new six-membered ring to a five-membered ring might have been 
achieved. Unfortunately, the only crystalline product obtained by the action of acetyl 
chloride on 1-methyl-3 : 4-dihydrophenanthrene (a crystalline solid, m. p. 82—83° ; compare 
Haworth, J., 1932, 1130) was 1-methylphenanthrene, which was evidently formed by 
dehydrogenation at the expense of the stannic chloride used as a condensing agent. This 
experiment is typical of the difficulties, due to the marked tendency for the reduced ring to 
become aromatic, which we have encountered during many attempts to build up the desired 
ring system from 1-keto-1 : 2:3:4-tetrahydrophenanthrene. We hope eventually to over- 
come these difficulties by the use of analogous derivatives of as.-octahydrophenanthrene. 

The compounds described in this communication are being tested for various types of 
biological activity, and the new synthetic methods are being extended to the production 
of more complex compounds containing the cyclopentenophenanthrene ring system, and 
also to other types of condensed ring systems. 


Note.—After the foregoing introduction had been written, two papers appeared by Ruzicka and 
his collaborators (Helv. Chim. Acta, 1933, 16, 812, 833). These were submitted for publication on May 
3lst and June Ist, respectively. The first paper deals with the dehydrogenation of cholesterol, ergosterol, 
and cholic acid, and the second with the synthesis of 1 : 2-cyclopentenophenanthrene and its a- and 
p-methyl derivatives. The first paper disputes the claim of Diels and his collaborators (Ber., 1927, 
60, 140; Amnalen, 1930, 478, 129) to have obtained chrysene by the dehydrogenation of cholesterol 
and cholic acid. All of the “‘chrysendhnliche’’ mixtures obtained by Ruzicka and his co-workers gave 
considerable depressions of melting point when mixed with authentic chrysene, and the same was true 
of the 2: 7-dinitroanthraquinone complexes. The “‘ chrysene-resembling ’’ mixture which we obtained 
in a selenium dehydrogenation experiment with cholesterol (p. 1111) gave no depression of m. p. with 
chrysene. The formation of chrysene does not seem to us to present any difficulty in interpretation, 
for the temperature at which the dehydrogenation is effected is approaching that at which alkyl groups 
in the a-position to a condensed ring system become very labile (compare Cook, J., 1930, 1088; 1931, 
490), so that if the five-membered ring of the sterol skeleton becomes ruptured at position 14 (sterol 
system of numbering), the subsequent conversion into chrysene would be relatively simple, particularly 
if the quaternary methyl group is in this position. 

It is further asserted by Ruzicka et al. that the ‘‘ C,;H,,’’ hydrocarbon from cholesterol cannot have 
the structure (A) assigned to it by Rosenheim and King (Chem. and Ind., 1933, 52, 301), as it is different 
from and not (as stated by Diels and Karstens) identical with the corresponding hydrocarbon obtained 
from ergosterol. We are unable to subscribe to this view. Apart from the crystallographic data which 
we are not competent to judge, we find the evidence of non-identity unconvincing, particularly as the 
higher aromatic hydrocarbons are very prone to form constant-melting mixtures with one another. 
Moreover, the chemical properties of the hydrocarbon from cholesterol are much more in accord with 
the fluorene structure suggested by Rosenheim and King. We have been quite unable to obtain any 
anthraquinone derivative by prolonged oxidation of the compound with excess of chromic acid in 
acetic acid, whereas such a derivative should be formed from a compound of the structure (B) advocated 
by Ruzicka. In any case, we have already commenced work on the synthesis of the compound having 
formula (A), and when this is complete, direct comparison will settle the question. 
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[R = C,H, (from cholesterol) or C;H,, (from ergosterol).] 
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Ruzicka’s method of synthesis of 1 : 2-cyclopentenophenanthrene is in some respects similar to our 
own. In fact, we had already contemplated it as one of several possible variations of our own synthesis. 
Contrary to his assertion, it is not new in principle; for instance, exactly analogous examples of cyclis- 
ation of keto-esters are cited by von Auwers and Méller (J. pr. Chem., 1925, 109, 124), e.g., the conver- 
sion of ethyl a-oxalyl-y-phenylbutyrate into ethyl 3: 4-dihydronaphthalene-1 : 2-dicarboxylate. For 
the preparation of the parent hydrocarbon named in the title of the present communication, our method 
is much more convenient than that of Ruzicka. 


EXPERIMENTAL. 


The degree of unsaturation of ethylenic hydrocarbons and mixtures containing them was 
estimated by using the pyridine sulphate dibromide reagent of Rosenmund and Kuhnhenn 
(Z. Unters. Nahr. Genussm., 1923, 46, 154). 

Some of the analyses (marked with an asterisk) were micro-analyses by Dr. A. Schoeller. 


Derivatives of cyclo-Olefins. 


1-Phenylacetyl-A'-cyclohexene (II1).—To an ice-cold mixture of anhydrous stannic chloride 
(250 g.) and carbon disulphide (600 c.c.) was added slowly, with agitation, a mixture of phenyl- 
acetyl chloride (154 g.) and cyclohexene (82 g.). After standing in an ice-bath for 4} hours, 
the deep red solution was shaken with ice and hydrochloric acid, the carbon disulphide layer 
washed with water, dried (sodium sulphate), and treated with dimethylaniline (130 g.). After 
removal of the carbon disulphide, the residue was heated at 180° for 3 hours, dissolved in ether, 
and washed with dilute hydrochloric acid, dilute sodium carbonate (which removed 17 g. of 
phenylacetic acid) and finally with water. After removal of the ether, the dried solution was 
distilled in a vacuum. The first fraction (16 g.; b. p. 32—40°/5 mm.) was identified as cyclo- 
hexyl chloride. The fraction, b. p. 158—161°/5 mm. (48 g.), set to a mass of crystals after 
several days (addition of light petroleum and cooling in ice-salt produced a further crop). 
These were twice recrystallised from methyl alcohol. The pure ketone (III) formed colourless 
needles, m. p. 46—48° (Found: C, 83-7; H, 8-0. C,,H,,O requires C, 83-9; H, 8-0%) (semi- 
carbazone, m. p. 168—169°). Titration with perbenzoic acid (Nametkin and Abakumovsky, 
J. pr. Chem., 1927, 115, 56) showed the presence of a double bond. This ketone was recovered 
unchanged after its pale yellow solution in concentrated sulphuric acid (1:3) had been kept 
at room temperature for 3 hours, and also after its benzene solution had been kept in contact 
with anhydrous aluminium chloride (1 mol.) for 24 hours at room temperature. 

When treated with methylmagnesium iodide, 1-phenylacetyl-A!-cyclohexene formed an oil 
which did not crystallise. This was dehydrogenated with selenium at 280—300° for 24 hours, 
and yielded a liquid, b. p. 153—156°/12 mm., which did not crystallise when cooled in a freezing 
mixture, and gave no picrate; hence, 9-methylphenanthrene was not formed in this experiment. 

Reduction of 1-phenylacetyl-A!-cyclohexene (3 g.) by means of amalgamated zinc (15 g.) 
and concentrated hydrochloric acid (30 c.c.) for 4 hours gave an oil, b. p. 153—159°/12—15 mm. 
(1-9 g.), which was heated with selenium (4 g.) at 340° for 24 hours, and the product extracted 
with benzene and distilled in a vacuum. The crystalline distillate was recrystallised from 
alcohol and shown to be phenanthrene (mixed m. p.; picrate, m. p. 143—144°). 

1-a-Naphthylacetyl-2-methyl-A'-cyclopentene (IV).—1-Naphthylacetic acid was prepared 
by essentially the method of Mayer and Oppenheimer (Ber., 1916, 49, 2139), the bromination 
of 1-methylnaphthalene being carried out at 205—210°, and the product thrice distilled in a 
vacuum and then crystallised from light petroleum. The pure bromomethyl compound was 
converted into l-naphthylacetic acid as described by Mayer and Oppenheimer. The acid 
(20 g.) was heated under reflux for 2 hours with thionyl chloride (80 c.c.), the excess of thionyl 
chloride removed in a vacuum, and the 1-naphthylacetyl chloride distilled (16 g.; b. p. 174°/ 
15 mm.). According to D.R.-P. 230,237, this chloride undergoes internal condensation to 
acenaphthenone under the influence of aluminium chloride. No such condensation was effected 
by stannic chloride in carbon disulphide during 7 hours at room temperature. 

A mixture of l-naphthylacetyl chloride (13-8 g.) and 1l-methyl-A!-cyclopentene (5°6 g.; 
Skraup and Binder, Ber., 1929, 62, 1135) was added, drop by drop, to an ice-cold mixture of 
anhydrous stannic chloride (18 g.) and carbon disulphide (40 c.c.). After standing in ice for 
6} hours, the mixture was worked up exactly as described for phenylacetylcyclohexene. The 
product, 5-8 g. of a pale yellow syrup, b. p. 190—205°/4—5 mm., was treated, in alcoholic 
solution, with picric acid (7 g.), and the picrate (6 g.), twice recrystallised from alcohol, formed 
canary-yellow needles, m. p. 130-5—131-5° (Found: C, 60-1; H, 44: N, 9-0*. 
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CygH1,0,C,H,O,N, requires C, 60-1; H, 4:4; N, 88%). 1-a-Naphthylacetyl-2-methyl-A'- 
cyclopentene (IV), obtained by shaking this picrate with ether and dilute sodium carbonate, 
and then distilling it in a vacuum, formed an almost colourless viscous oil which solidified on 
standing to a mass of crystals, m. p. 32—33° (Found: C, 86-2; H, 7-1. C,gH,,O requires 
C, 86-4; H, 73%). This ketone, in which the presence of a double bond was shown by per- 
benzoic acid titration, gave a pale yellow solution in concentrated sulphuric acid, and yielded 
a semicarbazone, m. p. 253—254°. 

When a similar condensation was attempted between 1-naphthylacetyl chloride and 
cyclopentene no pure product could be isolated. 

1-8-Phenylethyl-A'-cyclohexene (V).—A Grignard solution was prepared by gradual addition 
of a solution of 8-phenylethyl chloride (77 g.) in anhydrous ether (500 c.c.) to magnesium 
turnings (13 g.) activated with iodine. A considerable amount of crystalline compound separ- 
ated. After the magnesium had dissolved, the whole was cooled in ice and treated slowly, with 
agitation, with cyclohexanone (49 g.). After 2 hours at room temperature, the product was 
treated with ice and ammonium chloride, the ethereal solution washed, dried (sodium sulphate), 
and the ether removed. The residual oil was distilled, and the fraction, b. p. 165°/10 mm., 
crystallised (49 g.). After two recrystallisations from light petroleum, 1-8-phenylethyicyclo- 
hexanol formed colourless needles, m. p. 55—56° (Found: C, 82-25; H, 9-7. CH, O requires 
C, 82:2; H, 99%). For dehydration, the recrystallised carbinol (17 g.) was heated at 160° for 
an hour with potassium hydrogen sulphate (25 g.). The resulting 1-8-phenylethyl-A'-cyclo- 
hexene (V; 14-5 g.) formed a colourless mobile liquid, b. p. 145°/10 mm., d}?° 0-9587, nj” 
15351, [Rz]p 60-43 (Calc., 60-58). The bromine absorption value agreed with one double bond 
(Found: C, 89-9; H, 9-8. C,,H,, requires C, 90-2; H, 9-8%). 

1-8-Phenylethyl-A!-cyclohexene was also formed when a solution of 1-$-phenylethylcyclo- 
hexanol (9-3 g.) in carbon disulphide (15 c.c.) was treated at 0° with anhydrous stannic chloride 
(6-5 c.c.) diluted with carbon disulphide (20 c.c.). After an hour the mixture was treated with 
ice and hydrochloric acid, and the olefin purified by distillation (b. p. 153—154°/15 mm., nj)” 
15388; 1 mol. bromine absorbed). 

. 1-(8-1’-Naphthylethyl)-A'-cyclopentene (VIII).—(a) 8-1-Naphthylethyl alcohol. This was 
prepared by Grignard (Compt. rend., 1905, 141, 45) from 1-naphthylmagnesium bromide and 
ethylene chlorohydrin. In these circumstances half of the Grignard reagent is converted into 
naphthalene and it was found better to use ethylene oxide. To an ice-cold Grignard solution, 
prepared from 1-bromonaphthalene (100 g.), magnesium turnings (12 g.), and anhydrous ether 
(500 c.c.), was slowly added a mixture of ethylene oxide (25 g.) and ether (50 c.c.). On then 
allowing the mixture to warm to room temperature, a vigorous reaction set in and was moder- 
ated, if necessary, by cooling. When the reaction had subsided, the ether was slowly removed 
on the water-bath, and the residue heated at 100° for an hour. It was then decomposed with 
ice and hydrochloric acid, extracted with ether, washed, dried, and fractionated in a vacuum. 
There were obtained 52 g. of -1-naphthylethyl alcohol, b. p. 174—178°/13 mm., which rapidly 
crystallised on cooling. 

(b) B-1-Naphthylethyl chloride. An ice-cold mixture of B-l-naphthylethyl alcohol (117 g.) 
and dimethylaniline (83 g.) was treated, drop by drop, with thionyl chloride (50 c.c.). After 
it had attained room temperature, the syrup was heated on the water-bath for $ hour, diluted 
with water, extracted with ether, and washed with dilute hydrochloric acid, then dilute alkali, 
and finally water. The resulting §-1-naphthylethyl chloride (116 g.) formed a yellowish liquid, 
b. p. 167—168°/17 mm. (Found: C, 75:1; H, 5°75. C,,H,,Cl requires C, 75-6; H, 58%). 
The picrate (from alcohol) formed orange needles, m. p. 67—68° (Found: C, 51-2; H, 4:8. 
C,,H,,C1l,C,H,O,N, requires C, 51:5; H, 3-4%). (In the analysis of this and other picrates 
only the figures for carbon are significant. The high values for hydrogen are due to the fact 
that a copper spiral was not used to reduce oxides of nitrogen.) 

(c) 1-(8-1’-Naphthylethyl)cyclopentanol (VII). A Grignard solution, prepared from 
$-l-naphthylethyl chloride (114 g.), magnesium turnings (14:4 g.), and anhydrous ether 
(300 c.c.), was treated with cyclopentanone (50-4 g.) exactly as described for the preparation of 
1-8-phenylethylcyclohexanol. The crude carbinol was distilled in a vacuum, the lower-boiling 
fractions being rejected. The fraction, b. p. 197—198°/4—5 mm. (85 g.), crystallised on standing. 
For analysis, a sample of 1-(8-1’-naphthylethyl)cyclopentanol (VII) was recrystallised 3 times from 
light petroleum, forming a colourless, micro-crystalline powder, m. p. 59-5—60° (Found: C, 
85:0; H, 8-4. C,,H, 0 requires C, 84-9; H, 8-4%). 

_ (d) Dehydration of the carbinol (VII). This was effected by heating the carbinol (80 g.) 
with potassium hydrogen sulphate (120 g.) at 160—170° for an hour, and yielded 68 g. of 
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1-(8-1’-naphthylethyl)-A'-cyclopentene (VIII), b. p. 198—202°/18 mm.; the picrate, prepared in 
alcoholic solution, formed orange-yellow needles, m. p. 78—79° (Found: C, 61-4; H, 5-2. 
C,,H,,CsH,O,N, requires C, 61-2; H, 4-7%). This picrate was decomposed by shaking with 
ether and dilute sodium carbonate, and the pure olefin distilled in a vacuum over sodium. It 
formed a colourless mobile liquid, b. p. 164°/4—5 mm., dj” 1-0298, nf’ 1-6034, [R;], 74-13 
(Cale., 73-98) t (Found: C, 91-7; H, 8-1. (C,,H,, requires C, 91-8; H, 8-2%). Bromine 
absorption corresponded with one double bond. 


Cyclisation Experiments. 


1:2:3:4:9: 10:11: 12-Octahydrophenanthrene (VI).—(a) 1-$-Phenylethylcyclohexanol 
(15 g.) was gradually added to concentrated sulphuric acid (10-5 c.c.) at —5°. After 1} hours 
the mixture was allowed to warm to 0°, maintained at this temperature for $ hour, and then 
poured on ice. The oil was extracted with ether, washed with alkali, dried, and twice distilled 
in a vacuum. The octahydrophenanthrene (2-9 g.), which absorbed no bromine, had b. p. 
159°/15 mm. and nj}* 1-5527 (Found: C, 90-0; H, 9-65. Calc.: C, 90-2; H, 98%). The 
poor yield was due to loss by sulphonation. 

Dehydrogenation of this product with selenium at 320—340° gave phenanthrene, identified 
by direct comparison of the hydrocarbon and its picrate with authentic samples. 

(b) When 1-8-phenylethylcyclohexanol (6-1 g.) was treated with stannic chloride in carbon 
disulphide under the conditions described above (p.1107), and the mixture kept at 15° for 24 hours, 
4-8 g. of hydrocarbon were formed, containing 60% of octahydrophenanthrene (estimated by 
bromine titration). The pure tricyclic hydrocarbon could be isolated from this mixture by 
washing its benzene solution with concentrated sulphuric acid. Selenium dehydrogenation of 
the mixture gave phenanthrene. 

(c) Anhydrous aluminium chloride (4 g.) was added to a solution of 1-8-phenylethyl-A'- 
cyclohexene (V; 2-8 g.) in carbon disulphide (30 c.c.). After 24 hours the mixture was treated 
with ice and hydrochloric acid and yielded, after distillation, a liquid (1-6 g.) which contained 
85% of the saturated isomeride. 

(d) A solution of 1-8-phenylethyl-A!-cyclohexene (15 g.) in glacial acetic acid (135 c.c.) and 
concentrated sulphuric acid (15 c.c.) was boiled for an hour, diluted with water, extracted with 
benzene, washed free from acid, and distilled in a vacuum. The product (10 g.), which con- 
tained about 10% of olefin, was shaken in benzene solution with 85% sulphuric acid, and distilled 
over sodium; it was then shown to be completely saturated and had b. p. 164—166°/16 mm., 
da) 1-0208, nj" 1-5688. 

Derivatives of 1: 2-cycloPentenophenanthrene.—(a) Finely-powdered anhydrous aluminium 
chloride (84 g.) was slowly added to an ice-cold solution of 1-(8-1’-naphthylethyl)-A!-cyclo- 
pentene (VIII; 70 g.) in carbon disulphide (700 c.c.). After being kept in the ice-chest for 
24 hours, the clear dark red solution was poured off from the viscous mixture of resin and 
aluminium chloride, and shaken with ice and hydrochloric acid. The carbon disulphide was 
removed from the washed and dried solution on the water-bath, and the residual oil (58 g.) 
dissolved in alcohol and treated with picric acid (60 g.). The picrate of trans-1 : 2-cyclopentano- 
1: 2:3: 4-tetrahydrophenanthrene (IX) was recrystallised from alcohol and then formed 
long vermilion needles, m. p. 128—129° (40 g.) (Found: C, 61-25; H, 5-0. C,,H,.,CgH;0,N; 
requires C, 61-2; H, 4-7%). It was shaken with ether and dilute sodium carbonate, and the 
hydrocarbon distilled in a vacuum over sodium. The viscous distillate (19 g.), which was 
saturated towards bromine, slowly solidified to a mass of long, colourless crystals, m. p. 35—36° 
(Found: C, 91-8; H, 8-2. C,,H,, requires C, 91-8; H, 8-2%). trans-1 : 2-cycloPentano- 
1: 2:3: 4-tetrahydrophenanthrene (IX) had b. p. 160—161°/3—4 mm., dj" 1-0859, nj?” 1-6256, 
[Rz]p 71-99 (Calc., 72-25). 

The alcoholic liquors from the above picrate were concentrated, and gave a further crystalline 
fraction of indefinite m. p. (90—110°). This was converted into the corresponding mixture of 
hydrocarbons (28 g.; denoted cyclopentanotetrahydrophenanthrene, fraction 2). The final 
liquors were freed from picric acid, and the hydrocarbon mixture distilled (10 g.; cyclopentano- 
tetrahydrophenanthrene, fraction 3). Both fractions (2 and 3) were saturated towards bromine. 

cycloPentanotetrahydrophenanthrene, fraction 3, was redistilled over sodium, and had 
b. p. 150—163°/3—4 mm., d?” 1-0708, nj)" 1-6181 (Found: C, 90-8; H, 8-0. Calc. for C,,Hys: 
C, 91-8; H, 8-2%). This fraction gave no crystalline picrate in alcoholic solution. 

¢ In computing this value and also that for the corresponding cyclic compound (below) an incre- 
ment of 2°68 units has been added, this being the exaltation due to the naphthalene system as detert- 
mined by Krollpfeiffer, Annalen, 1923, 480, 202. 
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(b) An ice-cold solution of 1-(8-1’-naphthylethyl)cyclopentanol (VII; 10 g.) in carbon 
disulphide (50 c.c.) was treated with anhydrous stannic chloride (5 c.c.). The whole was kept 
at room temperature for 24 hours, and the clear solution poured off from the red resin which 
had separated, and decomposed with water. The washed and dried carbon disulphide solution 
was freed from solvent and distilled in a vacuum (b. p. 163—173°/5—6 mm.). The bromine 
value indicated that this liquid contained 50% of unchanged olefin. Treatment with alcoholic 
picric acid gave a red picrate which, after recrystallisation from alcohol, had m. p. 127—128°, 
and was shown by mixed m. p. to be identical with the picrate described under (a). 

(c) A mixture of 1-(8-1’-naphthylethyl)-A!-cyclopentene (VIII; 6 g.), glacial acetic acid 
(60 c.c.), and concentrated sulphuric acid (6 c.c.) was heated on the water-bath for } hour. The 
cooled solution was diluted with water, extracted with ether, and the extract washed free from 
acid and distilled. The solid distillate, b. p. 215—235°/15 mm., was recrystallised from alcohol, 
the resulting 1 : 2-cyclopentenophenanthrene (X) forming colourless needles, m. p. 134-5—135° 
[Found : C, 93-6; H, 6-5; M*, (Rast), 207, 214. C,,H,,4 requires C, 93-5; H, 65%; M, 218). 
The picrate, prepared in alcoholic solution, formed bright orange needles, m. p. 134-5—135° 
(Found: N, 9-2*. C,,H44,CgH,;O,N, requires N, 9-4%). The m. p. of the hydrocarbon was 
unchanged after regeneration from the pure picrate. 

(d) A solution of 1-(8-1’-naphthylethyl)cyclopentanol (VII; 65 g.) in glacial acetic acid 
(585 c.c.) and concentrated sulphuric acid (65 c.c.) was heated on the water-bath for 1} hours, 
during which the colour changed from red to deep blue, and sulphur dioxide was freely liberated. 
The hot solution was diluted with water until cloudy, cooled, and the resulting crystals collected, 
dissolved in xylene, the solution washed free from acid, the solvent removed, and the residue 
distilled in a vacuum (b. p. 200—240°/15 mm.). The crystalline distillate (35 g.) was recrystal- 
lised from alcohol and gave 20 g. of 1 : 2-cyclopentenophenanthrene (m. p. 133-5—134-5°). Its 
compound with s.-trinitrobenzene separated from alcohol in soft, pale yellow needles, m. p. 
166—167° (Found: C, 63-9; H, 4:0; N, 9-6*. C,,H4,CgsH,;O,N, requires C, 64:0; H, 4-0; 
N,9-7%). Addition ofa solution of stannous chloride in hydrochloric acid to the boiling alcoholic . 
solution of this compound gave the pure hydrocarbon, m. p. 135°. 

1:2:3:4:10: 11-Hexahydrofluorene (XV).—Attempts to effect cyclisation of 1-benzyl- 
A'-cyclohexene (XIV), prepared from 1-benzylcyclohexanol by dehydration with potassium 
hydrogen sulphate, were fruitless: stannic chloride in carbon disulphide gave the unchanged 
olefin (bromine absorption estimation) after 7 days at room temperature, and aluminium 
chloride in carbon disulphide at room temperature, or sulphuric acid in boiling glacial acetic 
acid, gave high-boiling resins. Hexahydrofluorene was obtained as follows: A mixture of 
1-benzyleyclohexanol (20 g.) and phosphoric oxide (40 g.) was heated for 20 minutes at 140—150°. 
The product was extracted with benzene and distilled, giving 1: 2:3:4: 10: 11-hexahydro- 
fluorene (XV; 8 g.), which, after redistillation over sodium, formed a mobile liquid, saturated 
towards bromine, with an odour resembling that of p-cymene. It had b. p. 137°/15 mm., 
d;’ 0-9880, n3}’ 1-5448 (Found: C, 90-5; H, 9-6. C,3H,, requires C, 90-6; H, 9-4%). 


Dehydrogenation of cycloPentanotetrahydrophenanthrenes. 


In all the selenium dehydrogenation experiments the substance was heated in a Pyrex-glass 
flask in a metal-bath, the recorded temperatures being those of the bath. 

(a) A mixture (5 g.) prepared by the action of stannic chloride on naphthylethylcyclopentanol 
as described under (b) (above) was heated with selenium (3-5 g.) at 305—315° for 20 hours. The 
product was extracted with ether and distilled over sodium. The distillate (3-1 g., b. p. 160— 
168°/3 mm.) formed a colourless viscous oil, and was treated with picric acid in alcoholic solution. 
The picrate, twice recrystallised from alcohol, formed long, vermilion needles, m. p. 128—129°, 
not depressed by the picrate of tvans-1 : 2-cyclopentano-1 : 2: 3 : 4-tetrahydrophenanthrene. 

The crystalline residue in the distillation flask was sublimed at 200—210°/3 mm., and the 
sublimate crystallised from alcohol, forming colourless leaflets (0-35 g.), m. p. 145—148° (Found : 
C, 93-6; H, 6-1. Calc. for C,,H,,: C, 93-5; H, 65%). This hydrocarbon, the m. p. of which 
was raised to 152—-153° + by two recrystallisations from alcohol, was an impure specimen of 
1: 2-cyclopentenophenanthrene. The pure hydrocarbon, m. p. 134—135°, could in no way be 
obtained by crystallisation alone, but was readily obtained by decomposition of the picrate 
(m. p. 133—134-5°) or the s-trinitrobenzene complex (m. p. 165-5—166-5°). 

{ In our preliminary communication this figure was erroneously given as the m. p. of 1 : 2-cyclo- 
pentenophenanthrene. The correct figure (135°) had already been communicated to Dr. G. A. R. 
Kon (see this vol., p. 1083), and a specimen of the pure hydrocarbon sent to Dr. Rosenheim when the 
Paper by Raskin and his collaborators appeared (p. 1105). 
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(b) The substance designated as cyclopentanotetrahydrophenanthrene, fraction 3 (probably 
largely cis-isomeride; 5-5 g.), was heated with selenium (4 g.) at 310—325° for 17 hours. The 
crystalline product was extracted with alcohol, the extract boiled with charcoal, and concen- 
trated. The crystals which separated (1-7 g.) were sublimed at 200°/3 mm., and the sublimate 
recrystallised from alcohol. The product formed colourless leaflets, m. p. 166—168° (0-85 yx.). 
This also was an impure sample of 1 : 2-cyclopentenophenanthrene, the pure hydrocarbon, 
m. p. 135°, being obtained by recrystallisation of the s-trinitrobenzene complex from benzene— 
methyl alcohol, followed by decomposition with stannous chloride. 

(c) Selenium dehydrogenation of cyclopentanotetrahydrophenanthrene, fraction 2, carried 
out as described under (b), gave essentially the same result. Here, however, the m. p. of the 
crystallised hydrocarbon (before conversion into the s-trinitrobenzene complex) was 172—174°. 

(d) tvans-1 : 2-cycloPentano-1 : 2 : 3 : 4-tetrahydrophenanthrene (IX) was recovered almost 
entirely unchanged after being heated with selenium at 310—320° for 24 hours. At 335—340° 
hydrogen selenide was freely liberated. If the reaction was stopped before completion, there 
was formed a mixture of unchanged material and the two indene compounds (probably XI and 
XII). The isolation of these was carried out as follows: The pure tvans-tetrahydro-compound 
(IX; 3g.) was heated with selenium (2-2 g.) at 330—340° for 24 hours. The filtered benzene 
extract was distilled after removal of the solvent on the water-bath. The distillate (1-6 g., 
b. p. 190—195°/3—4 mm.) was dissolved in hot alcohol and the solution allowed to crystallise. 
The crystals (0-6 g.) had m. p. 115—125° after sintering, and were treated with picric acid 
(0-7 g.) in boiling alcohol. The sparingly soluble picrate, recrystallised from benzene, had 
m. p. 192°. It was decomposed with boiling aqueous ammonia, and the hydrocarbon thrice 
recrystallised from alcohol (Found *: C, 94:15; H, 5-6. M, Rast, 194, 212. C,,H,, requires 
C, 94-4; H, 56%; M, 216). 1: 2-cyclo-A**- (XI) or -Al**’-Pentadienophenanthrene (X11) 
formed colourless rhombic plates, m. p. 142-5—143-5°. It gave an orange-red solution with a 
strong green fluorescence in concentrated sulphuric acid; on standing, the colour faded to 
yellow and the fluorescence became bluish-violet. The picrate separated from alcohol in long, 
ruby-red needles, m. p. 192—193° (Found *: C, 62-0; H, 3-5; N, 9-6. C,,H4.,C,H,O,N, 
requires C, 62-0; H, 3-4; N, 9-4%). 

The original alcoholic liquors of the distilled dehydrogenation product were treated with 
picric acid (1 g.). The resulting picrate was recrystallised from benzene and then alcohol, and 
formed dark red needles, m. p. 208—209° (mixed m. p. with the picrate of m. p. 192°, 192—196°). 
The new picrate (0-2 g.) was then decomposed with sodium carbonate solution, and the product 
recrystallised from alcohol, in which it was readily soluble. This substance had m. p. 68—70°, 
and gave the same series of changes with concentrated sulphuric acid as the compound, m. p. 
143°. There was insufficient material for further purification. 

(e) A mixture of 1: 2-cyclopentenophenanthrene (X; 2-7 g.) and selenium (0-6 g.) was 
heated at.340° for 12 hours. The resulting solid was extracted with ether, the solvent removed, 
and the residue (1-6 g.) sublimed at 200—220°/4 mm. Crystallisation from alcohol then gave 
pure 1 : 2-cyclopentenophenanthrene, m. p. 133—134° (identified by mixed m. p. and prepar- 
ation of the picrate). Addition of picric acid to the alcoholic mother-liquors gave no indication 
of the presence of the indene compound (XI or XII). 


Dehydrogenation of Cholesteryl Chloride. 


(a) A mixture of cholesteryl chloride (27 g.) and selenium (9 g.) was slowly heated from 
250° to 320° and then maintained at 320—340° for 72 hours, during which a further 19 g. of 
selenium were added in two portions. At this stage the product was extracted with benzene 
and distilled (15 g. of selenium recovered). The distillate, b. p. 180—260°/5—6 mm. (15 g.), 
was again treated with selenium (10 g.) at 320—340° for 48 hours, and the product extracted 
with ether and distilled (5-5 g. of selenium recovered). The fraction, b. p. 185—220°/4—5 mm. 
(4-5 g.), crystallised on cooling, and was dissolved in alcohol and treated with picric acid (4-5 g.). 
The picrate which separated was recrystallised from alcohol (2-3 g.; m. p. 110—113°), and then 
decomposed in ethereal solution with dilute sodium carbonate. The product was recrystallised 
from alcohol (0-65 g., m. p. 113—118°) and treated with s-trinitrobenzene (0-7 g.) in alcohol. 
The compound was recrystallised from benzene and then from alcohol (m. p. 148—149°) and 
decomposed by treatment with stannous chloride. After crystallisation from alcohol, the 
hydrocarbon formed colourless leaflets, m. p. 131—133° (sintering at 129°). The results of 
mixed m. p. determinations of this hydrocarbon and its derivatives with the corresponding 
compounds of 1 : 2-cyclopentenophenanthrene are given in the table on p. 1103. Unlike the 


























the Sterols, Bile Acids, and Oestrus-producing Hormones. Part I. 1111 


pure synthetic compounds, neither the hydrocarbon from cholesterol nor its picrate consisted 
of well-formed crystals. 

(b) In another experiment, 125 g. of cholesteryl chloride were heated with selenium (90 g. 
in all) at 330—350° for 144 hours, and the product fractionated at 12 mm.: (i) b. p. 210—265°; 
(ii) 265—285°; (iii) 285—320°. Fraction (i) was redistilled, and the lower-boiling fractions 
treated with picric acid. There was no difficulty in isolating the hydrocarbon, m. p. 122—124°, 
giving a picrate, m. p. 117—118° (compare Diels, Gadke, and Ko6rding, Joc. cit.). Various 
samples gave C, 92-3; 93-2; 92-3; H, 7-5, 6-9, 7-9%*. Fraction (iii) (11 g.) was diluted with 
ether (50 c.c.) and kept at 0° for 2 days, after which the crystals (0-5 g.) were collected. This 
substance was recrystallised thrice from benzene and once from acetic acid, and formed colourless 
leaflets, m. p. 221—222-5° (Found *: C, 92-9, 92-9; H, 7-3, 7-1. Calc. for C,;H,,: C, 93-1; 
H, 6:9%). The molecular compound with 2: 7-dinitroanthraquinone was twice recrystallised 
from xylene and formed bright red needles, m. p. 239—240° (Found *: C, 75-7; H, 4-8. 
Cy5;Hoe,C 14H gOgN, requires C, 75-5; H, 4:55%). 

(c) Another dehydrogenation of cholesteryl chloride was carried out nearly as in (a), except 
that the temperature was maintained at 340—360°, and on occasions rose to 370°. The fraction 
of distillate, b. p. 170—240°/4 mm., was subjected to picric acid treatment and the regenerated 
hydrocarbon crystallised from alcohol; it then had m. p. 143—148° (sintering at 130°). Further 
purification through the s-trinitrobenzene compound, followed by crystallisation of the regen- 
erated hydrocarbon, gave a product which began to sinter at 210°, and melted at 230—233°. 
The mixed m. p. with chrysene (m. p. 248—249°) was 233—235°. This substance gave a com- 
pound with 2: 7-dinitroanthraquinone, m. p. 270—273° (from xylene), the mixed m. p. with 
the analogous chrysene compound (m. p. 298—299°) being 274—284°. There was insufficient 
material for further purification. 

4 : 5-Benzhydrindene. 

4 : 5-Benz-3-hydrindone (XVI1).—8-2-Naphthylpropionic acid was prepared by the method 
of Mayer and Sieglitz (Ber., 1922, 55, 1855). The m. p. of the intermediate 8-2-naphthyliso- 
succinic acid was 145°, and not 94—95° as stated by these authors. For conversion into the 
hydrindone, a mixture of §-2-naphthylpropionic acid (13 g.) and anhydrous stannic chloride 
(20 c.c.) was heated at 120° for 3 hours. The cooled mass was powdered, extracted with ether, 
the extract washed with sodium carbonate solution, and the solvent removed. The residue, 
after recrystallisation from aqueous acetic acid, gave 3-8 g. of 4: 5-benz-3-hydrindone, m. p. 
102—103°. 

4: 5-Benzhydrindene (XVII).—The foregoing ketone (10 g.) was reduced by boiling with 
concentrated hydrochloric acid (50 c.c.) and amalgamated zinc (30 g.) for 18 hours. The 
product was distilled in a vacuum, and the distillate (4-9 g.) purified through the picrate (orange 
needles, m. p. 109—110°; Kruber, Joc. cit., gives 110°). The regenerated hydrocarbon was 
distilled in a vacuum over sodium and had b. p. 170°/15 mm., nj®™ 1-6323. 


SUMMARY. 


(1) Convenient methods have been elaborated for the synthesis of condensed-ring 
compounds of hydrophenanthrene and hydrofluorene type by the cyclisation of aromatic 
compounds in which a cyclic system forms part of an unsaturated side chain. 

(2) Comparison of a purified sample of the “C,,H,,” hydrocarbon obtained from 
cholesterol by selenium dehydrogenation with synthetic 1 : 2-cyclopentenophenanthrene 
indicates that the cholesterol hydrocarbon consists of this compound contaminated with a 
very persistent impurity. 

(3) The ‘‘ C,,H,,”’ hydrocarbon from cholesterol has been further characterised and 
data are quoted in good agreement with the formula C,;Hoo. 

(4) The selenium dehydrogenation of condensed-ring hydrocarbons with a terminal 
five-membered ring has been studied, and the results suggest that the course pursued by 
the reaction is determined by the stereochemical configuration of the reduced ring system. 


We are indebted to Mr. W. V. Mayneord, M.Sc., and Miss Roe, B.Sc., for the spectrographic 
and refractometric data, and to Mr. F. Goulden for assistance in the preparation of material. 
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(b) An ice-cold solution of 1-(8-1’-naphthylethyl)cyclopentanol (VII; 10 g.) in carbon 
disulphide (50 c.c.) was treated with anhydrous stannic chloride (5 c.c.). The whole was kept 
at room temperature for 24 hours, and the clear solution poured off from the red resin which 
had separated, and decomposed with water. The washed and dried carbon disulphide solution 
was freed from solvent and distilled in a vacuum (b. p. 163—173°/5—6 mm.). The bromine 
value indicated that this liquid contained 50% of unchanged olefin. Treatment with alcoholic 
picric acid gave a red picrate which, after recrystallisation from alcohol, had m. p. 127—128°, 
and was shown by mixed m. p. to be identical with the picrate described under (a). 

(c) A mixture of 1-(8-1’-naphthylethyl)-A'-cyclopentene (VIII; 6 g.), glacial acetic acid 
(60 c.c.), and concentrated sulphuric acid (6 c.c.) was heated on the water-bath for } hour. The 
cooled solution was diluted with water, extracted with ether, and the extract washed free from 
acid and distilled. The solid distillate, b. p. 215—235°/15 mm., was recrystallised from alcohol, 
the resulting 1 : 2-cyclopentenophenanthrene (X) forming colourless needles, m. p. 134-5—135° 
[Found : C, 93-6; H, 6-5; M*, (Rast), 207, 214. C,,H,, requires C, 93-5; H, 6-5%; M, 218]. 
The picrate, prepared in alcoholic solution, formed bright orange needles, m. p. 134-5—135° 
(Found: N, 9-2*. C,,H,4,C,H,;0,N, requires N, 9-4%). The m. p. of the hydrocarbon was 
unchanged after regeneration from the pure picrate. 

(d) A solution of 1-(8-1’-naphthylethyl)cyclopentanol (VII; 65 g.) in glacial acetic acid 
(585 c.c.) and concentrated sulphuric acid (65 c.c.) was heated on the water-bath for 1} hours, 
during which the colour changed from red to deep blue, and sulphur dioxide was freely liberated. 
The hot solution was diluted with water until cloudy, cooled, and the resulting crystals collected, 
dissolved in xylene, the solution washed free from acid, the solvent removed, and the residue 
distilled in a vacuum (b. p. 200—240°/15 mm.). The crystalline distillate (35 g.) was recrystal- 
lised from alcohol and gave 20 g. of 1 : 2-cyclopentenophenanthrene (m. p. 133-5—134-5°). Its . 
compound with s.-trinitrobenzene separated from alcohol in soft, pale yellow needles, m. p. 
166—167° (Found: C, 63-9; H, 4:0; N, 9-6*. C,,H44,CgH,O,N, requires C, 64-0; H, 4-0; 
N,9-7%). Addition of a solution of stannous chloride in hydrochloric acid to the boiling alcoholic 
solution of this compound gave the pure hydrocarbon, m. p. 135°. ; 

1:2:3:4: 10: 1l-Hexahydrofluorene (XV).—Attempts to effect cyclisation of 1-benzyl- 
A!-cyclohexene (XIV), prepared from 1-benzylcyclohexanol by dehydration with potassium 
hydrogen sulphate, were fruitless: stannic chloride in carbon disulphide gave the unchanged 
olefin (bromine absorption estimation) after 7 days at room temperature, and aluminium 
chloride in carbon disulphide at room temperature, or sulphuric acid in boiling glacial acetic 
acid, gave high-boiling resins. Hexahydrofluorene was obtained as follows: A mixture of 
1-benzylcyclohexanol (20 g.) and phosphoric oxide (40 g.) was heated for 20 minutes at 140—150°. 
The product was extracted with benzene and distilled, giving 1:2:3:4: 10: 1l-hexahydro- 
fluorene (XV; 8 g.), which, after redistillation over sodium, formed a mobile liquid, saturated 
towards bromine, with an odour resembling that of p-cymene. It had b. p. 137°/15 mm., 
di" 0-9880, nj)’ 1-5448 (Found: C, 90-5; H, 9-6. C,3H,, requires C, 90-6; H, 9-4%). 


Dehydrogenation of cycloPentanotetrahydrophenanthrenes. 


In all the selenium dehydrogenation experiments the substance was heated in a Pyrex-glass 
flask in a metal-bath, the recorded temperatures being those of the bath. 

(a) A mixture (5 g.) prepared by the action of stannic chloride on naphthylethylcyclopentanol 
as described under (b) (above) was heated with selenium (3-5 g.) at 305—315° for 20 hours. The 
product was extracted with ether and distilled over sodium. The distillate (3-1 g., b. p. 160— 
168°/3 mm.) formed a colourless viscous oil, and was treated with picric acid in alcoholic solution. 
The picrate, twice recrystallised from alcohol, formed long, vermilion needles, m. p. 128—129°, 
not depressed by the picrate of tvans-1 : 2-cyclopentano-1 : 2 : 3 : 4-tetrahydrophenanthrene. 

The crystalline residue in the distillation flask was sublimed at 200—210°/3 mm., and the 
sublimate crystallised from alcohol, forming colourless leaflets (0-35 g.), m. p. 145—148° (Found : 
C, 93-6; H, 6-1. Calc. for C,;,H,,: C, 93-5; H, 6-5%). This hydrocarbon, the m. p. of which 
was raised to 152—153° ¢ by two recrystallisations from alcohol, was an impure specimen of 
1 : 2-cyclopentenophenanthrene. The pure hydrocarbon, m. p. 134—135°, could in no way be 
obtained by crystallisation alone, but was readily obtained by decomposition of the picrate 
(m. p. 133—134-5°) or the s-trinitrobenzene complex (m. p. 165-5—166-5°). 

¢ In our preliminary communication this figure was erroneously given as the m. p. of 1 : 2-cyclo- 
pentenophenanthrene. The correct figure (135°) had already been communicated to Dr. G. A. R. 
Kon (see this vol., p. 1083), and a specimen of the pure hydrocarbon sent to Dr. Rosenheim when the 
paper by Ruzicka and his collaborators appeared (p. 1105). 
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(b) The substance designated as cyclopentanotetrahydrophenanthrene, fraction 3 (probably 
largely cis-isomeride; 5-5 g.), was heated with selenium (4 g.) at 310—325° for 17 hours. The 
crystalline product was extracted with alcohol, the extract boiled with charcoal, and concen- 
trated. The crystals which separated (1-7 g.) were sublimed at 200°/3 mm., and the sublimate 
recrystallised from alcohol. The product formed colourless leaflets, m. p. 166—168° (0-85 y.). 
This also was an impure sample of 1 : 2-cyclopentenophenanthrene, the pure hydrocarbon, 
m. p. 135°, being obtained by recrystallisation of the s-trinitrobenzene complex from benzene— 
methyl alcohol, followed by decomposition with stannous chloride. 

(c) Selenium dehydrogenation of cyclopentanotetrahydrophenanthrene, fraction 2, carried 
out as described under (b), gave essentially the same result. Here, however, the m. p. of the 
crystallised hydrocarbon (before conversion into the s-trinitrobenzene complex) was 172—174°. 

(d) trans-1 : 2-cycloPentano-1 : 2: 3: 4-tetrahydrophenanthrene (IX) was recovered almost 
entirely unchanged after being heated with selenium at 310—320° for 24 hours. At 335—340° 
hydrogen selenide was freely liberated. If the reaction was stopped before completion, there 
was formed a mixture of unchanged material and the two indene compounds (probably XI and 
XII). The isolation of these was carried out as follows: The pure tvans-tetrahydro-compound 
(IX; 3g.) was heated with selenium (2-2 g.) at 330—340° for 24 hours. The filtered benzene 
extract was distilled after removal of the solvent on the water-bath. The distillate (1-6 g., 
b. p. 190—195°/3—4 mm.) was dissolved in hot alcohol and the solution allowed to crystallise. 
The crystals (0-6 g.) had m. p. 115—125° after sintering, and were treated with picric acid 
(0-7 g.) in boiling alcohol. The sparingly soluble picrate, recrystallised from benzene, had 
m. p. 192°. It was decomposed with boiling aqueous ammonia, and the hydrocarbon thrice 
recrystallised from alcohol (Found *: C, 94:15; H, 5-6. M, Rast, 194, 212. C,,H,, requires 
C, 94-4; H, 56%; M, 216). 1:2-cyclo-Al’:4’- (XI) or -A’:%’-Pentadienophenanthrene (XII) 
formed colourless rhombic plates, m. p. 142-5—143-5°. It gave an orange-red solution with a 
strong green fluorescence in concentrated sulphuric acid; on standing, the colour faded to 
yellow and the fluorescence became bluish-violet. The picrate separated from alcohol in long, 
ruby-red needles, m. p. 192—193° (Found*: C, 62-0; H, 3-5; N, 9-6. C,,H4.,C,H,O,N; 
requires C, 62-0; H, 3-4; N, 9-4%). 

The original alcoholic liquors of the distilled dehydrogenation product were treated with 
picric acid (1 g.). The resulting picrate was recrystallised from benzene and then alcohol, and 
formed dark red needles, m. p. 208—209° (mixed m. p. with the picrate of m. p. 192°, 192—196°). 
The new picrate (0-2 g.) was then decomposed with sodium carbonate solution, and the product 
recrystallised from alcohol, in which it was readily soluble. This substance had m. p. 68—70°, 
and gave the same series of changes with concentrated sulphuric acid as the compound, m. p. 
143°. There was insufficient material for further purification. 

(e) A mixture of 1 : 2-cyclopentenophenanthrene (X; 2-7 g.) and selenium (0-6 g.) was 
heated at 340° for 12 hours. The resulting solid was extracted with ether, the solvent removed, 
and the residue (1-6 g.) sublimed at 200—220°/4 mm. Crystallisation from alcohol then gave 
pure 1 ; 2-cyclopentenophenanthrene, m. p. 133—134° (identified by mixed m. p. and prepar- 
ation of the picrate). Addition of picric acid to the alcoholic mother-liquors gave no indication 
of the presence of the indene compound (XI or XII). 


Dehydrogenation of Cholesteryl Chloride. 


(a) A mixture of cholesteryl chloride (27 g.) and selenium (9 g.) was slowly heated from 
250° to 320° and then maintained at 320—340° for 72 hours, during which a further 19 g. of 
selenium were added in two portions. At this stage the product was extracted with benzene 
and distilled (15 g. of selenium recovered). The distillate, b. p. 180—260°/5—6 mm. (15 g.), 
was again treated with selenium (10 g.) at 320—340° for 48 hours, and the product extracted 
with ether and distilled (5-5 g. of selenium recovered). The fraction, b. p. 185—220°/4—5 mm. 
(4-5 g.), crystallised on cooling, and was dissolved in alcohol and treated with picric acid (4-5 g.). 
The picrate which separated was recrystallised from alcohol (2-3 g.; m. p. 110—113°), and then 
decomposed in ethereal solution with dilute sodium carbonate. The product was recrystallised 
from alcohol (0-65 g., m. p. 113—118°) and treated with s-trinitrobenzene (0-7 g.) in alcohol. 
The compound was recrystallised from benzene and then from alcohol (m. p. 148—149°) and 
decomposed by treatment with stannous chloride. After crystallisation from alcohol, the 
hydrocarbon formed colourless leaflets, m. p. 131—133° (sintering at 129°). The results of 
mixed m. p. determinations of this hydrocarbon and its derivatives with the corresponding 
compounds of 1 : 2-cyclopentenophenanthrene are given in the table on p. 1103. Unlike the 
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pure synthetic compounds, neither the hydrocarbon from cholesterol nor its picrate consisted 
of well-formed crystals. 

(b) In another experiment, 125 g. of cholesteryl chloride were heated with selenium (90 g. 
in all) at 330—350° for 144 hours, and the product fractionated at 12 mm.: (i) b. p. 210—265°; 
(ii) 265—285°; (iii) 285—320°. Fraction (i) was redistilled, and the lower-boiling fractions 
treated with picric acid. There was no difficulty in isolating the hydrocarbon, m. p. 122—124°, 
giving a picrate, m. p. 117—118° (compare Diels, Gadke, and K6rding, Joc. cit.). Various 
samples gave C, 92-3; 93-2; 92-3; H, 7-5, 6-9, 7-°9%*. Fraction (iii) (11 g.) was diluted with 
ether (50 c.c.) and kept at 0° for 2 days, after which the crystals (0-5 g.) were collected. This 
substance was recrystallised thrice from benzene and once from acetic acid, and formed colourless 
leaflets, m. p. 221—222-5° (Found *: C, 92-9, 92-9; H, 7-3, 7-1. Calc. for C,,H,.: C, 93-1; 
H, 6-9%). The molecular compound with 2: 7-dinitroanthraquinone was twice recrystallised 
from xylene and formed bright red needles, m. p. 239—240° (Found *: C, 75-7; H, 4-8. 
Cy5H_2,Cyg4HeOgN, requires C, 75-5; H, 455%). 

(c) Another dehydrogenation of cholesteryl chloride was carried out nearly as in (a), except 
that the temperature was maintained at 340—360°, and on occasions rose to 370°. The fraction 
of distillate, b. p. 170—240°/4 mm., was subjected to picric acid treatment and the regenerated 
hydrocarbon crystallised from alcohol; it then had m. p. 143—148° (sintering at 130°). Further 
purification through the s-trinitrobenzene compound, followed by crystallisation of the regen- 
erated hydrocarbon, gave a product which began to sinter at 210°, and melted at 230—233°. 
The mixed m. p. with chrysene (m. p. 248—249°) was 233—235°. This substance gave a com- 
pound with 2: 7-dinitroanthraquinone, m. p. 270—273° (from xylene), the mixed m. p. with 
the analogous chrysene compound (m. p. 298—299°) being 274—284°. There was insufficient 
material for further purification. 

4: 5-Benzhydrindene. 

4 : 5-Benz-3-hydrindone (XVI).—8-2-Naphthylpropionic acid was prepared by the method 
of Mayer and Sieglitz (Ber., 1922, 55, 1855). The m. p. of the intermediate $-2-naphthyliso-. 
succinic acid was 145°, and not 94—95° as stated by these authors. For conversion into the 
hydrindone, a mixture of $-2-naphthylpropionic acid (13 g.) and anhydrous stannic chloride 
(20 c.c.) was heated at 120° for 3 hours. The cooled mass was powdered, extracted with ether, 
the extract washed with sodium carbonate solution, and the solvent removed. The residue, 
after recrystallisation from aqueous acetic acid, gave 3-8 g. of 4: 5-benz-3-hydrindone, m. p. 
102—103°. 

4: 5-Benzhydrindene (XVII).—The foregoing ketone (10 g.) was reduced by boiling with 
concentrated hydrochloric acid (50 c.c.) and amalgamated zinc (30 g.) for 18 hours. The 
product was distilled in a vacuum, and the distillate (4-9 g.) purified through the picrate (orange 
needles, m. p. 109—110°; Kruber, Joc. cit., gives 110°). The regenerated hydrocarbon was 
distilled in a vacuum over sodium and had b. p. 170°/15 mm., nj?” 1-6323. 


SUMMARY. 


(1) Convenient methods have been elaborated for the synthesis of condensed-ring 
compounds of hydrophenanthrene and hydrofluorene type by the cyclisation of aromatic 
compounds in which a cyclic system forms part of an unsaturated side chain. 

(2) Comparison of a purified sample of the ‘ C,,H,,”’ hydrocarbon obtained from 
cholesterol by selenium dehydrogenation with synthetic 1 : 2-cyclopentenophenanthrene 
indicates that the cholesterol hydrocarbon consists of this compound contaminated with a 
very persistent impurity. 

(3) The “ C,,H,,”’ hydrocarbon from cholesterol has been further characterised and 
data are quoted in good agreement with the formula C,;Hoo. 

(4) The selenium dehydrogenation of condensed-ring hydrocarbons with a terminal 
five-membered ring has been studied, and the results suggest that the course pursued by 
the reaction is determined by the stereochemical configuration of the reduced ring system. 


We are indebted to Mr. W. V. Mayneord, M.Sc., and Miss Roe, B.Sc., for the spectrographic 
and refractometric data, and to Mr. F. Goulden for assistance in the preparation of material. 


THE RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), 
Lonpon, S.W. 3. [Received, July 11th, 1933.] 
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The following six papers (Nos. 263—268) were read at a discussion on “ Substitution in 
Organic Compounds ”’ held at Leeds University on May 12th, 1933. 


263. The Influence of Nuclear Halogens on Aromatic Side-chain 
Reactivity. 
By G. MAcDONALD BENNETT. 


A stupy has recently been made (Baddeley and Bennett, this vol., p. 261) of the velocities 
of reaction of a series of substituted aryl 6-chlorosulphides of the type X*C,H,°S-C,H,Cl 
with (a) water: RCl + H,O —> R-OH ~+- HCl, and (0b) an iodide: RCI + I’ —> RI-+ Cl’. 
When the various nuclear substituents X are arranged in the order of their influence on 
the observed reactivities, they form two series in which there is for reaction (a) a con- 
tinuous rise, and for reaction (b) a continuous fall of inductive effect of X, the reactions 
being, in fact, of types A and B respectively (Ingold and Rothstein, J., 1928, 1217). 
The order of the reactivities in reaction (a) is as follows: f-anisyl>#-tolyl>phenyl> 
p-halogenophenyl> #-nitrophenyl>dinitrophenyl, and that for reaction (b) is the exact 
opposite. The halogens as a group fall into their correct place in each series, and for 
reaction (b) the order of the halogens within the group is normal, but for reaction (a) it 
is completely inverted : 


p-Substituent AH ....cccccccesccecceee Me. H. E. Br. Cl. NO,. 
Velocity of reaction (a)  .........+..00. 1°83 = 0:426 0507 0613 0°045 
Velocity of reaction (b)  ........sseeee. 0°077 0-091 0-116 0-150 0°197 0°298 


An anomaly of this kind in the order of the halogens occurs in many other cases, and 
attention was first directed to it by Ingold (Ann. Reports, 1927, 24, 156; see also Shoppee, 
J., 1930, 974; 1932, 696). A few of the data in some representative cases are given in 
the following table of relative reaction velocities : 

p-Substituent, X. 


Relative velocity of : Me. H. I. Br. Cl. F. NO,. 

Hydrolysis of benzyl chlorides 

CEIUERE) — cecnsvccccrecvescocsccepecsens 164 15°5 7-4 78 96 _ 115 
Alcoholysis of benzhydryl chlorides 

EERREEEED covevevescesnsconssonesesessoesse 413 1-0 -- 0-331 0-421 — ca. 0°0 
Hydrolysis of benzyl bromides 

(Shoesmith and Slater) ............ ~- 0°67 — 1°43 1°8 4:0 0°29 
Hydrolysis of benzoic esters 

(McCombie and Scarborough) ... 0275 0°543 2°58 2°34 2-08 —_ v. large 


The direction in which these figures should vary as a consequence of the inductive effects 
(— J) of the halogens (which diminish in the order F>Cl>Br>I) is in each case clear 
from the data for other substituents. The observed order within the halogen group 
indicates that some other factor is here at work in opposition to these inductive effects. 
For the halogenobenzy] halides this is clearly the electromeric effect (+ 7) usually written 

as in inset. In the hydrolysis of the benzoic esters, however, 
‘ai Ve NO’ CH ue the effect in question does not assist but retards the reaction, 
a ae ee which is in this instance favoured by large inductive effects. 

The additional effect here appears to resemble the electromeric 
effect (+ 7) in sign, but to be a permanent polarisation rather than a potential or tem- 
porary electronic displacement which would await the demand of the reagent to become 
apparent. 

The possibility that there is a permanent component of the electromeric effect, or a 
polarisation of some kind associated with it, was first considered by Ingold (Ingold and 
Ingold, J., 1926, 1312; Ann. Reports, 1926, 28, 149). The presence of such an effect 
in permanent form was made clear by the results of measurements of dipole moments 
(Héjendahl, Physikal. Z., 1929, 30, 391; cf. Bennett, Ann. Reports, 1929, 26, 132), and 
this line of evidence has since been developed very successfully by Sutton (Proc. Roy. Soc., 
1931, A, 183, 668). (The term “ permanent electromeric effect ’’ and the use of the curved 
arrow notation in this connexion are, strictly speaking, inappropriate, but they are adopted 
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here in conformity with current usage, and because it appears that the true electromeric 
effect and the polarisation which is associated with it may be of common origin.) 

The existence of such permanent polarisations is now generally admitted, but since 
it is doubtful whether the basis of comparison of aliphatic and aromatic dipole moments 
by reference to analogous phenyl and /ert.-butyl derivatives is entirely justifiable, the 
relative magnitudes of the difference M(ar.) — M(al.) arrived at by this method for 
various substituents must be regarded as still uncertain. 

When the data listed above are considered from this point of view, the order among 
the halogens requires the operation in all cases of an effect (+ 7) which varies markedly 
in intensity in the order F>Cl1>Br>I. The extreme case is that of f-fluorobenzyl bromide, 
which is not only hydrolysed faster than the corresponding chlorobenzyl bromide, but 
approximately twice as fast as the parent benzyl bromide itself. 

The following figures for the relative strengths of substituted anilines lead to a similar 
conclusion : 


Substituent p-Me. H. m-Br. p-Br. m-Cl. p-Cl. p-NO,. 
at teen 150 46 3°82 88 3°45 9°9 01 


Here again the position of the halogens as a group is as expected. The fact that m-halo- 
genated anilines are weaker than the #-isomerides (Fliirscheim, J., 1910, 97, 84) reveals 
an electromeric effect (+ 7), but the relative strengths of the p-chloro- and p-bromo- 
amines show this effect to be greater for chlorine than for bromine. 

In the case of the substituted benzoic acids the general order of strengths is again normal : 


p-Substituent Me. H. Cl. CN. NO). 

IO X Kg cccoee 4°3 6 9 31 40 

yet the recent measurements of Kuhn and Wassermann in aqueous methyl alcohol (Helv. 

Chim. Acta, 1928, 11, 31) show that the p-halogenobenzoic acids vary but slightly in 

strength among themselves, the small variations being in the inverted order (values of 

10°Ka: p-I, 10; p-Br, 9-3; p-Cl, 10; f-F, 8-3). These figures also indicate an influence 

+ T increasing in magnitude from iodine to fluorine, and it may be pointed out that, 

when the large differences in the inductive effects of the halogens, revealed by the strengths 

of the halogenoacetic acids, are taken into consideration, a mere equality in the above 
figures would have sufficed to demonstrate the point. 

The order hitherto accepted for the electromeric effects of the halogens is: I>Br> 
Cl>F. The evidence as to the velocity of substitution in halogenobenzenes and the 
comparative directive powers of the halogens is not, however, conclusive on this point. 
Variations in velocities of substitution and in the observed o/-ratio may be regarded as 
determined entirely by the inductive effects. As regards the comparative directive 
powers the facts are also inconclusive, but in some cases they may be held to point to a 
higher directive power for fluorine than for chlorine. 

It is therefore now proposed to accept the view that the electromeric effects of the 
halogens vary in intensity in the inverted order: F>Cl>Br>I, and since this order is 
inconceivable if the effect arises from an increase of covalency between the halogen atom 
and the nuclear carbon atom to which it is attached, as commonly supposed, a new view 
of its origin is required. (Such a covalency increase between halogen and carbon seems, 
moreover, to be at variance with the chemistry of the halogens, since it appears to imply 
the possibility of a double bond between carbon and chlorine or fluorine.) 

The electromeric effects of halogens may be regarded as ethenoid or butadienoid 
polarisations in the nucleus promoted by the electron-repelling outer field of the halogen 

atom—of which independent evidence has been obtained in other 

ways. This field, acting outside the bond C,—C,, may give rise to a 
ones ] permanent polarisation and also it may initiate completed electro- 
‘i. SS) meric changes in the nucleus when these can lead to reaction. This 
. || |* suggestion has two advantages. It provides a simple explanation 
“4 of the common origin of the electromeric effect and of the per- 

™ manent polarisation associated with it; and it accounts for the 

inverted order of intensity of this effect among the halogens. For the order of the 
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strengths of the outer fields of the halogens should be the same as the order of their 
inductive effects and the same must consequently be the order of intensity of the electro- 
meric effects which these fields promote. 





264. The Relation of Electromeric Effects and Relative Polarisabilities 
of the Halogens. 


By RoBERT RoBINsON. 


A PAPER by Baddeley and Bennett (this vol., p. 261) brings forward for discussion some 
matters of great general interest. Hitherto, the broad lines of the dual theory of inductive 
and electromeric effects have been found to be adequate without invoking special 
mechanisms, but now those authors, as the result of consideration of a reversal of antici- 
pated orders of rates of reactions of certain halogen-substituted substances, have con- 
cluded that the electromeric effects of the halogens attached to the aromatic nucleus 
[or, in general, in heteroenoid systems Hal(C=C),—] are in the order F>CI>Br>I, 
and, furthermore, that this electromeric effect arises from the repulsion of the electrons 
in the aromatic nucleus by the field of the outer electrons of the halogen atoms. First, 
then, we may discuss the evidence that the electromeric effects of the halogens (in such 
heteroenoid systems) in the series F, Cl, Br, I, diminish. It should be noted that Baddeley 
and Bennett do not put forward in support of their views a single example of a reaction 
in which the electromeric systems themselves take a direct part in the processes; that is, 
the unshared electrons produced in the electromeric displacements in these cases do not 
enter into new covalencies but exert their effects merely by initiating strains and a kind 
of relayed general electric effect. 

A clear case of this kind was discussed in 1927 (Oxford and Robinson, J., 2240). It 
was found that the directive power of various benzyloxy-groups in benzyl and substituted 
benzyl ethers of guaiacol were the following (MeO, 100): Ph°CH,°O, 113; m- also p- 
NO,°C,H,°CH,:O, 67 ; m-Cl-C,H,*CH,°O, 69; p-Cl*C,H,°CH,°O, 82 ; m-MeO-C,H,°CH,:0, 92. 
The explanations put forward depended on the recognition of inductive effects of Cl, NOx, 
and even MeO operative in the same sense from the m-position to the reactive side chain, 
and in the case of the -chlorobenzyloxy-group a partly compensating electromeric effect. 


 « 
Inhibiting inductive effect : reaction-initiating displacement. Cl- —< >—CH,- <0 


Ky AN ky 
Accelerating clectromeric effect: operative as inductive effect. <> DCH -0~ 


Baddeley and Bennett do not refer to this memoir, but their argument is on quite similar 
lines. They note that the effects of the different halogens in substances of the type 
p-Hal-C,H,*(side chain) on the reactivity of the side-chain centre are such as to place 
them in the polar series from Me to NO, in the inverted order of their generally assumed 
inductive effects; i.e, Me... F, Cl, Br, I... NO, instead of Me... I, Br, Cl, 
F ...NO,. This was true for side-chain reactions facilitated either by accession of 
electrons to (anionoid) or by recession of electrons from (kationoid) the side chain. 
(Naturally the sequence is reversed in the latter case.) 

We must be very grateful to Baddeley and Bennett for marshalling the available 
data in this admirable way, and one is not inclined to insist on the unsound features of 
the method of comparison of effects by means of reaction velocities; the general trend 
of the argument seems clear enough, and the deductions can be accepted up to a point. 

This limit is reached by noting that it is only the permanent, static electromeric effect 
which is in question. No scope is given in any of these reactions for the full exercise of 
the electromeric potentialities of the halogen atoms. 
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Now the order I>Br>Cl>F for the electromeric aptitude in heteroenoid systems has 
been derived from the results of experiments in which the electromeric systems themselves 
form the reactive centres, and this order may very well be the true one, even though 
the virtually static electromeric effect is F>Cl>Br>I. 

The order I>Br>Cl>F is doubtless the order of the polarisability or deformability 
of the atoms, and thus an iodine atom should be able to accept both a greater negative 
charge and a greater positive charge than a fluorine atom. 

It is unlikely that all the examples mentioned by Baddeley and Bennett will be found 
to conform to exactly the same type of explanation; questions of molecular association, 
including complex formation with the solvent, must undoubtedly affect the issue in many 
cases. 

A whole group of the examples are easily brought into line without revolutionary 
conceptions by taking into consideration the greater polarisability of the heavier halogen 
atoms as compared with the lighter. The basic idea is that, wheré two electromeric 
processes are opposed and one of them is concerned with a heteroenoid system terminating 
in a halogen atom, then the resistance offered by the latter is not a question of the extent 
of its electromeric displacement under normal conditions, but will depend on the deform- 
ability of the halogen atom. 

To take a specific example, Baddeley and Bennett have studied the hydrolysis of 
substances of the type Ar-S*CH,°CH,Cl. It is clear that the essential thing here is the 
condition of the sulphur atom; if we give it a positive charge, as in the related sulphoxides 
and sulphones, we greatly diminish the speed of hydrolysis. Also, the effects of various 
substituents in the nucleus show that displacements of electrons towards the nucleus 
retard the reaction. But the chief effect of the nucleus on the sulphur atom is due to 
the activity of the conjugated heteroenoid system 


cI 
& > S-CHyCH,Cl 


and the greater the amplitude of this displacement the less readily will the substance 
be hydrolysed. 


va <= HY 
(I, XS)“ ScHycncl ak’ \>—sCHy CHCl (I1,) 


ry 
Comparing (I) and (II), it is suggested that even if the I——C,H, effect is greater than 





“Y 

Cl C,H, in those simple examples, yet, in such a heterogeneous arrangement, the 
greater plasticity of the iodine atom (as compared with Cl) must result in an apparent 
reversal of the order of the electromeric or of the inductive effects of these halogen atoms. 
This latter point is to be emphasised. Most of the difficulties raised by Baddeley and 
Bennett disappear if it is the 7mductive effect which is reversed in the aromatic types. 

Obviously the explanation based on relative deformabilities fits the facts in all those 
cases in which the electromeric or the inductive effect is opposed to some other effect or 
process more directly concerned with the reaction. And this is true whether the reaction 
is promoted by electron accession to, or recession from, the side chain. 

It must be remembered, too, that in all the cases discussed by Baddeley and Bennett, 
we are dealing with second-order effects, and that the halogens as a whole take their 
proper place in the polar series. If there remains a residuum of data which demands 
the order F>Cl>Br>I for the static part of the electromeric effect in some heteroenoid 
systems, it is nevertheless not at all clear that this would require as a corollary a new 
mechanism for such a process. We know too little about this matter to enable us to say 
what the extent of covalency changes should be from a purely theoretical standpoint. 

In any case, it is surely desirable to gain information about the electromeric systems 
from a study of reactions in which they directly participate, rather than from a study of 
those in which they exert what is virtually a relayed general or inductive effect. In many 
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of Baddeley and Bennett’s cases we cannot be sure that it is the order of the electromeric 
effects of the halogens that is reversed; it may perhaps better be described as the total 
inductive effect of the whole system. 

Secondly, the new mechanism proposed by Baddeley and Bennett for the electromeric 
effect in heteroenoid systems is unacceptable for a variety of reasons. It breaks the 


series >N-, 0, halogens. Why should the last term acquire a new specific mechanism 
which most certainly cannot apply to >>N-Ar? 

Again, the mechanism, if operative, should apply to other compounds, such as PhCFs;, 
which are, however, substituted in the m-position by kationoid reagents. This difficulty 
is not overcome by reference to the dipole, because this is not located or isolated between 
the carbon and fluorine atoms, but is a property of the molecule. Also there is a dipole 
in PhCl, the positive end of which should be even more effective in holding the electrons 
of the nucleus. 

This new view of the genesis of the electromeric effect of the halogens affords no 
explanation of the stability of the aryl halides towards hydrolytic agents, and the usual 
theory would appear to have an advantage in this respect. 

Again, if the activations of toluene and chlorobenzene are attributed to similar electro- 
static repulsion from the methyl and the chlorine atom respectively, we would expect 
some m-substitution in chlorobenzene. 

In passing, it should be noted that the cases of o- and f-chlorofluorobenzenes, cited by 
Baddeley and Bennett in support of their views, offer no difficulties along the usual lines. 
The #/o ratio for fluorobenzene is much higher than for chlorobenzene (nitration). There- 
fore, electromeric and inductive effects conspire to produce the observed result for the 
p-isomeride ; i.e., predominating substitution o- to chlorine. In the o-isomeride, the #/o 
ratio favours substitution #- to fluorine, and the discriminating influence of the general 
effect suffers partial cancellation as the result of the operation of factors first discussed 
by Allan, Oxford, Robinson, and Smith in the cases of the guaiacol ethers. This explan- 
ation is either identical with or analogous to that proposed by Ingold and Vass, and it is 
greatly to be preferred to the suggestion of Baddeley and Bennett. The phenomenon of 
contrast between relative directive powers of groups situated in o- and #-positions is not 
confined to halogen atoms. Allan, Oxford, Robinson, and Smith noted the same thing 
in less degree in the alkyloxy-series. 

Are we then to apply Baddeley and Bennett’s theory to oxygen as well as to the 
halogens, and if so, why do the four unshared electrons of oxygen initiate so much more 
powerful an electromeric effect than the six similar electrons of the halogens ? 

Finally, the two criticisms of the covalency-increase hypothesis by Baddeley and 
Bennett may be mentioned. The statement that there is no tendency for halogeno- 
benzenes to pass into quinonoid derivatives is difficult to comprehend. What could the 
constitution of such derivatives be, and under what experimental conditions could they 
be recognised ? 

The remark that “it is not easy to understand how the deactivating inductive effect 
of a halogen atom can persist unchanged at the moment when the nature of the carbon- 
halogen bond is radically altered by the postulated change of covalency of the halogen,” 
is the result of a failure to realise that the inductive effect is not supposed to modify 
sharing; it displaces electrons, but does not produce unshared electrons. In the case 
of chlorobenzene, the carbon atoms are under the influence of the strong positive field 
of the nucleus of the chlorine atom. The electromeric displacement has quite a different 
character, and involves variations in the sharing of quantised electrons; some become 
unshared. These unshared electrons are alone capable of forming new covalencies with 
atoms of reagents, and therefore their position orients a substitution process. But they 
may all the time be situated in a powerful deactivating positive field, and therefore the 
rate of reaction is greatly reduced. There is really no theoretical difficulty in the simul- 
taneous operation of the inductive and the electromeric effect in such substances as 
chlorobenzene on the basis of the theory that the electromeric effect or process depends 
on an increase of covalency between halogen and nucleus. 
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Actually, the view of Baddeley and Bennett seems to be the more vulnerable on this 
ground, as it does postulate that a single atom exerts both an electrostatic attraction 
and at the same time an electrostatic repulsion on the electrons of the aromatic nucleus. 

These criticisms and replies to criticism must not be concluded without an acknowledg- 
ment that the importance of the closely argued memoir of Baddeley and Bennett is not 
dependent on the validity of the views put forward; it contains many generalisations 
and comparisons which will be of the greatest value, whatever the verdict of future 
experimenters may be on the mechanisms advanced to explain them. 





265. The Effect of Nuclear Halogen Substituents on Triad Prototropic 
Systems in Relation to Aromatic Side-chain Reactions. 


By CHARLES W. SHOPPEE. 


INVESTIGATION of the effect of nuclear substitution on mobility (= velocity of inter- 
conversion, k, + k,) in simple triad prototropic systems of the type 

ky 

(I.) R-C,Hy X°Y°Z[H]Ph = R-C,H,X[H}-Y-ZPh (II.) 

Ry 
has shown (Shoppee, J., 1930, 968; 1931, 1225; 1932, 696) that the variants R, in either 
the m- or the #-position, fall into the serial order NMe.<Me<OMe<I<Br<Cl<NO,, 
which is also the order of the dipole moments of the compounds R:C,H;. In such com- 
parisons (i.e., for cases in which the only variable is a substituent placed at a relatively 
large distance from the seat of reaction), it is assumed that effects of environment differ , 
sufficiently little from case to case to justify this (cf. Williams, J., 1930, 35; per contra, 
Conant, J. Amer. Chem. Soc., 1925, 47, 480; Lapworth, J., 1931, 1964). 

The special feature of the foregoing sequence to which it is desired to direct attention 
is the appearance of the methoxyl group and the halogens in the normal theoretical order 
(compare Baddeley and Bennett, this vol., p. 261; Bennett, this vol., p. 1112). 

The experimental sequence shows that the processes 


(i) R-CsHyX:Y-Z[H}- —> R-C,HyX:Y-Z- 

(ii) RCjHyX[H}+  —'> R-C,HyX- 
are unequivocally facilitated by electron recession from the seat of ionisation, and may 
therefore be regarded as aromatic side-chain reactions of Ingold and Rothstein’s “‘ type B”’ 
(J., 1928, 1217). Hence it is legitimate to compare the above results with those relating 
to the variation in reaction velocity produced by the same nuclear substituents in other 
side-chain reactions of “ type B.” 

A comprehensive examination of the literature relating to such side-chain reactivity 
shows that, apart from triad prototropic systems, in no case do the effects of m- or p- 
substituents on reaction velocity conform to the dipolar order. The anomalies invariably 
involve groups of dual polar capacity, and relate (a) to the position of the methoxyl group 
in the experimental velocity sequence, and (b) to the inversion of the halogens amongst 
themselves. The case of (a) has already been discussed (Shoppee, J., 1931, 1225) in relation 
to the experimental sequences afforded by m-substituents in which the anomaly disappears. 
Anomaly (0) remains. 

The position, then, is broadly: side-chain reactivity—inversion of the halogens; 
triad prototropic systems—no inversion. 

It is suggested that the underlying reason for the strictly dipolar sequence given by 
systems of the form (I == II) is that these represent a specially simple and possibly 
unique aromatic side-chain reaction of “type B.” In the processes (i) and (ii), electron 

é 





4 
recession from X (or Z), giving R-CsH, <— X[H], .e., tending to produce an electron 
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deficit at X, facilitates the approach of negative (catalytic) ions; but the same electron 
recession also facilitates the separation of hydrogen as the positive ion. In all other side- 
chain reactions of ‘‘ type B”’ familiar to the writer, the ultimate phase * concerns the 
separation of a negative ion, a process which will be retarded by the electron recession 
which facilitated attack by a negative ion. The following examples are symbolic. 


‘ $ 
ArCH,Cl —> | ArCHy<“jor | —»> ArCH,-I + cle 


Q [ Q 7 Q 
Ar-C-OEt a Ar-C---OEt? _—> ArC+ OEt? 
L (Het | H 


The experimental results for very many side-chain reactions of “ type B”’ (and also of 
“type A ”’) may be summarised in the statement that interpenetrating a series of uniquely 
electron-repelling or electron-attracting (-- J) groups, a series of ambipolar (— I + 7) 
groups occurs in which the expected order is inverted. 





—I+T. 
P + I. y sali a — I. 
Theoretical sequence ............ Me I Br Cl F NO, 
. Type B”’ Reaction ......... Retardation Order inverted Acceleration 
Type A’’ Reaction ......... Acceleration a ‘“ Retardation 


Inversion might also be anticipated for ambipolar groups of the type + J — T, but, since 
the only available example is the substituted vinyl group, CR,R,:CH-, no comparisons are 
possible. 

The behaviour described above for side-chain reaction velocities is closely analogous to 
that found experimentally for the influence of substitution on the equilibrium constant, K, 
in tautomeric triad systems such as (I == II): 





+1. —I+T. — I. 
_-~ 
Theoretical sequence ............... Me I Br Cl NO, 
FE cccceszsecccesevescscsecccsccccscoessse Large Order inverted Small 


On the assumption that tautomeric equilibrium is attained through a single mechanism, 

it has been shown (Shoppee, Joc. cit., pp. 1227, 1228) that K involves two rate-affecting 
phases of opposite polar character, and that the values of K should theoretically therefore, 
and do, pass through a maximum (compare Ingold and Patel, J. Indian Chem. Soc., 1930, 
7, 95). 
It is proposed to carry over from tautomeric equilibria to side-chain reaction velocities 
the hypothesis of control by co-existing oppositely polar phases. The suggestion is put 
forward that the mechanism(s) of aromatic side-chain reactions may involve two rate- 
affecting phases, one phase being of each polar type; the condition becoming marked and 
experimentally observable in the velocity coefficients for ambipolar substituents. If this 
hypothesis contains some part of the truth, then for reactions proceeding by a single 
reaction route, the velocity coefficients for ambipolar substituents should pass through a 
maximum. 

The simplest way of illustrating the matter is to plot the experimentally observed 
velocity coefficients against an appropriate polar sequence. Now, it so happens that the 
same sequence OMe,t I, Br, Cl, F represents, not only increasing electron attraction 
(— J; facilitating one polar phase), but also decreasing electron release{+- 7; facilitating 
the oppositely polar phase); this progression is therefore uniquely suitable for use in 
constructing the following curves. (It is, of course, true that no numerical values can 
be assigned to the intervals separating the ambipolar groups on the horizontal axis, but 


* In speaking of reactions and formulating them as occurring in separate phases, it is not implied 
that the phases are necessarily separate in time, i.e., stages in the sense of consecutive reactions. 

+ The methoxyl group, although capable of inclusion in the illustrations given in the sequel, is not 
further considered; see, however, Baker (this vol., p. 1128). 
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there is little doubt as to the order in which they should be placed (compare, however, 
Baddeley and Bennett, Joc. cit.) Fig. 1 exemplifies the “type B” reaction of f-aryl 
8-chloroethyl sulphides with iodine ions (Baddeley and Bennett, Joc. cit.); there is no 
inversion of the velocity coefficients. 

According to the way in which molecular circumstances weight the opposing polar 
phases and their facilitation, so the position of the maximum on the horizontal axis will 
vary from case to case. The effect of this consideration is most readily visualised by 
imagining the curve in Fig. 1 to move as a whole from right to left along the horizontal 


Fie. 1. Fic. 2. 
I<Br<Cl(<F). I>Br>Cl>F. 
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axis: Fig. 2 is then obtained, representing the complete inversion of the halogens found, 
e.g., by Kindler (Annalen, 1926, 450, 1; 1927, 462, 90), for the velocity coefficients relating , 
to the alkaline hydrolysis of ethyl m- or p-halogenobenzoates (for other examples, see 
Baddeley and Bennett, Joc. cit.). 

Between the extremes represented by Figs. 1 and 2, there will be an infinite number 
of positions on the horizontal axis which the maximum may occupy. The hypothesis 
here suggested consequently accommodates the possible existence of certain ‘‘ mixed 
series,” which may involve equalities such as I<C1<Br, I<Cl = Br, or Br = F<Cl. 


Fie. 3c. Fic. 3d. 
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Fic. 3a. 
I<Cl = Br. 


Br 
Cl 


Fic. 3b. 
I<Cl<Br. 
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I = CI<Br. 


Br = F<Cl. 
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Fic. 3a.—Alkaline hydrolysis of p-Ar-CO-NH, (Reid, Amer. Chem. J., 1900, 24, 403). 

Fic. 36.—p-Ar-COCI and Pr8OH (Norris, J. Amer. Chem. Soc., 1928, 50, 1813). AJkaline hydrolysis 
of m- and p-N-arylsuccinimides (Sanna, Gazzetta, 1927, 57, 761). 

Fic. 3d.—Reduction of m- and p-Ar-CH,Br (Shoesmith and Slater, J., 1926, 214). 


Such mixed series occur in the literature with some frequency; Figs. 3a, 3b, and 3c 
show the gradual movement of the maximum through a series of intermediate positions, 
corresponding with the results obtained by the workers named. The writer is not aware 
of work involving the substituents I, Br, Cl, and corresponding with Fig. 3c, but Fig. 3d 
shows the precisely analogous case for the substituents Br, Cl, F. 

When the experimentally observed values for the effect of ambipolar groups on side- 
chain reactions of “type A” are plotted against the polar sequence previously used, 
minima are obtained, although the characteristics of non-inversion (Fig. 4), complete 
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inversion (Fig. 5), and of the occurrence of certain ‘‘ mixed series” (Figs. 6, 7) are 
reproduced. 

Such minima should arise when a reaction, influenced by unipolar substituents (-+- J), 
proceeds by two contemporaneous reaction routes, one of each polar type (compare Ingold 
and Patel, Joc. cit.). In the case of ambipolar substituents (— J + 7), both the inductive 
and the electromeric effect will influence both reaction routes, not only in opposite senses, 
but also by different mechanisms; it appears possible for either minima or maxima to 


Fie. 4. Fie. 5. Fic. 6. Fic. 7. 
I>Br>Cl. I<Br<Cl. I>Cl> Br. Br = F>Cl. 
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BrCl 2B el 
Fic. 4.—Friedel—Crafts reactions between p-Ar-SO,Cl and C,H, (Olivier, Rec. trav. chim., 1914, 38, 


244; 1922, 41, 302). 
Fic. 5.—Acid hydrolysis of p-aryl B-chloroethyl sulphides (Baddeley and Bennett, loc. cit.). 


Fic. 6.—Reduction of p-Ar-NH*NH, (Franzen, J. pr. Chem., 1918, 97, 61). See also Baker (loc. cit.). 
Fic. 7.—Acid hydrolysis of m-Ar-CH,Br (Shoesmith and Slater, loc. cit.). 


occur, according to the relative degree to which the conflicting factors control the speeds 
of the reactions. 

The assumption of the complex mechanism of greatest simplicity (7.e., a single reaction 
route involving two antipolar phases) leads to a reasonably satisfactory treatment for 
side-chain reactivity of ‘type B’’; failure of this assumption in its application to the 
case of side-chain reactions of “‘ type A ’”’ seems to indicate the probable existence of two 
or more reaction mechanisms (each possibly complex) for side-chain reactions in general, 
except in the case of the equilibria attained by anionotropic or prototropic systems activated 


by aryl groups. 





266. Significance of Tautomerism and of the Reactions of Aromatic 
Compounds in the Electronic Theory of Organic Reactions. 


By C. K. INGOLD. 


ABSTRACT. 

The internal polar properties of atoms and groups may be classified either according to time- 
dependence or according to mechanism. The characteristics distinguished in the former classification 
differ in their physical dimensions (just as p and ainm = y+ aF). The effects categorised in the latter 
method of classification differ in the source of their energy. The two classifications are not quite co- 
extensive and their inter-relationship is considered. Therefore in addition to the inductive effect an 
inductomeric effect is recognised, the two being distinguished by their differing time-dependence. The 
tautomeric effect is split up into the mesomeric and electromeric effects on the same basis. Anomalous 
examples of orientation, reaction velocity, and chemical equilibrium are considered from the point of 
view indicated. The energy of the mesomeric effect is regarded as arising from a form of wave 
mechanical degeneracy (Chem. and Ind., 1933, 52, 434). 


THE simplest molecular model which can serve as the basis for an electrical conception 
of reactions is that which visualises a distribution of atomic nuclei and electrons as point 
charges subject to elastic forces. In the development of the theory, the wave-mechanical 
ideas of a continuous statistical distribution of electron density, of quantised states, and 
of degeneracy, are introduced, but this does not affect the circumstance that the speci- 
fication of the model requires two kinds of electrical quantities concerned respectively 
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with the positions and mobilities of the charges (van Vleck, “ Electric and Magnetic 
Susceptibilities,” 1932). The principal magnitudes describing gross intrinsic polaris- 
ations and polarisabilities of molecules, the dipole moment, p, and the deformation 
coefficient, «, differ in dimensions by an amount corresponding to the dimensions of an 
electric force, and thus the total moment developed in the presence of a force is the sum 
of two terms, u + «F, for a given direction. Recent work on molecular dipole moments 
has confirmed Thomson’s suggestion (Phil. Mag., 1923, 46, 513) that these may roughly 
be calculated as the vector sum of group contributions. Such a calculation neglects 
intramolecular interaction, which is an essential matter in the theory of reactions; but 
it is often convenient to ascribe to groups an intrinsic moment, and treat the modifications 
caused by interaction as a superimposed effect. Similarly, the approximately additive 
character of refractivities shows that polarisability may also be regarded as a group 
characteristic, subject to modification by interaction. Thus groups also may be con- 
sidered to possess a duplex electrical specification, provided the appropriate magnitudes 
are not treated strictly as constants. Reagents are regarded as acting by virtue of a 
constitutional affinity either for electrons or for nuclei* (Fry, “‘ Electronic Conception 
of Valence,” 1921; Stieglitz, J. Amer. Chem. Soc., 1922, 44, 1293; Lapworth, Nature, 
1925, 115, 625), and the organic molecule, in the activation necessary for reaction, is 
therefore required to develop at the seat of attack either a high or a low electron density 
as the case may be. Evidently the extent to which a given group can contribute to an 
activation is a duplex quantity, in which suitable measures of the polarisation, and the 
polarisability, of the group, and of the electrical demands of the reaction, play parts 
functionally analogous to those of », «, and F respectively in the above binomial. On 
several recent occasions, discussions have arisen because two reactions, each considered 
to test “ polarity,’”’ do not place groups in an identical sequence; but it is evident that 
polarisation and polarisability are independent polar properties, and that the relative . 
importance of the two contributory effects, dependent respectively on these group 
characteristics, must vary with the nature of the reaction. 

Independently of such physical foundations, the electronic theory of valency limits 
the presumable forms of electron displacement by the principle requiring the preservation 
of stable electron groups. Displacements (—>in, e.g., CI—>CH,—>CO,H) throughout 
which the electrons concerned remain bound by their original atomic nuclei were postulated 
by Lewis (“ Valence,’”’ 1923, p. 139); the mechanism was considered to illustrate a state 
of polarisation, and in subsequent organic chemical applications the designation inductive 
effect (Ingold, Ann. Reports, 1926, 28, 140) has been employed as a convenient distinctive 


(x 
term. Displacements (7 in, ¢.g., RN CHC) in which there is a substitution 
of one duplet for another in the same atomic octet were first assumed by Lowry (J., 1923, 
123, 822, 1866; Nature, 1925, 114, 376); the process was regarded as exemplifying an 
activation or polarisability effect, and this understanding is contained in the distinguishing 
term electromeric,t as introduced by Ingold and Ingold (J., 1926, 1313) in relation to the 
mechanism.t The synthesis of the two processes must be credited to Lucas and his 
collaborators (J. Amer. Chem. Soc., 1924, 46, 2475; 1925, 47, 1459, 1462), who showed 


* As Bronsted (Rec. trav. chim., 1923, 42, 718) and Lowry (J. Soc. Chem. Ind., 1923, 42, 43) have ob- 
served in reference to the special case of affinity for a proton (basicity), the state of electrification of a 
reagent is trivialin relation to so fundamentally constitutive a classification as that indicated in the text. 
For this reason the terms electrophilic (electron-seeking) and nucleophilic (nucleus-seeking) are suggested 
in place of the adjectives anionoid and cationoid introduced by Lapworth. Ammonia behaves as it 
does, not because it is ike an anion, but because it is a base (more generally it is nucleophilic), and 
analogous reactivity is suppressed in the chloride ion, not, of course, because this is not a typical anion, 
but because it is not a base. Many cations are nucleus-seeking, e¢.g., the ferrous ion, and many anions 
electron-seeking, e.g., the permanganate ion. 

t+ The term electromerism (= electron-tautomerism), which was introduced by Fry (loc. cit.), clearly 
contains the idea of mobility. 

t A fuller outline should refer to the analogues of these mechanisms in pre-electronic theories of 
reaction, especially the theories of Fliirscheim and Lapworth. 
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how the inductive effect may be supposed to direct and facilitate the electromeric (as, 


e.g., in CH,-> CH&CH,). The generalisation of these ideas, and the proof that, suit- 
ably developed, they yield a satisfactory interpretation of the numerous results con- 
cerning so extensive a group of reactions as those of aromatic substitution, were given 
by Robinson (J., 1926, 401) and Ingold (cbid., p. 1310) and their collaborators, and 
elaborated further with reference to aromatic substitution by the subsequent investigations 
of both authors.* 

In the further development of the theory, outlined later, the two mechanisms are 
not regarded as being sharply differentiated, the one as a permanent polarisation, and 
the other as a polarisability effect occurring in reaction, but it is recognised that the 
difference in time-dependence between the two processes lies in this direction. Slightly 
modifying an earlier suggestion, the terms general inductive (symbol J) and tautomeric 
(symbol 7) may be used to distinguish the two mechanisms (denoted —> and (-\ respect- 
ively), without reference to whether they represent a permanent molecular state or an 
activation phenomenon. Much evidence in favour of the view that the tautomeric effect 
is more time-variable than the general inductive effect may be adduced from the special 
refractivity contributions of simple and conjugated unsaturated systems,f and, in the 
field of organic reactions, a single example may be given to illustrate the consequences 
of this conception. 

In aromatic substitution by electrophilic reagents, the normal correlation of op-orient- 
ation with nuclear activation and of m-orientation with deactivation is subject to certain 
exceptions, in which op-orientation and deactivation occur together, although the con- 
junction of m-orientation with nuclear activation is unknown. The orienting groups 
concerned in the known kind of anomaly all possess structures such that they exhibit 
opposing polar influences, and indeed they belong to the category of substituents which 


(x 
exert the effect symbolised — I + T ¢ (e.g., Cl in Cl<—Ar), although they constitute 


only a small section of that category (Ingold and Shaw, J., 1927, 2198). The interpre- 
tation offered concerning these facts starts from the difference in time-dependence already 
mentioned. Evidently a polarisation effect permanently conferred on the of-positions 
will be permanently relayed to the m-positions, whilst a corresponding polarisability 
effect will be absorbed by the exciting reagent, and therefore will not be relayed. It 
follows that the greater of-time-variability of the tautomeric than of the general inductive 
effect must be reflected in a greater of-selectivity of the former effect in its distribution 
over the aromatic nucleus. It is this difference of selectivity which makes provision for a 
class of orienting substituents showing the anomaly of of-orientation in conjunction with 
depressed nuclear reactivity. The anomaly will arise when, after the general inductive 
deactivation (— J effect) of the whole nucleus, m-positions included, the tautomeric 
restoration of activity (-++ T effect) selectively to the of-positions is strong enough to 
raise their reactivity above that of the still deactivated m-positions, but yet is not 
sufficiently strong to bring of-reactivity up to the standard of unsubstituted benzene. 
The matter is diagrammatically illustrated in Fig. 1. Groups of the (— J + 7) category 
are arranged horizontally in order of a diminishing — J- and increasing +- 7-component, 
whilst reactivity is measured vertically by a logarithmic function of the velocity of sub- 


* The second paper was communicated before the first appeared. For a summary of further 
investigations by the writer and his co-workers in the field of aromatic substitution, see Rec. trav. chim., 
1929, 48, 797. 

¢ Such contributions are sometimes included in so-called atomic constants, as may be illustrated by 
a comparison of the “ constant’’ [Rz]p for nitrogen in NH,*Alphyl (2°45), NH,*Aryl (3°21), and 
NH,°C:C-C:O (4°88). 

t Electron probability (density) being the physical variable concerned in a polar effect, it has been 
usual to write arrow signs in the direction of its positive increase, and to distinguish a positive increase as 
a + effect, so that a + effect is one which is activating towards electrophilic reagents. The suggestion 
(Baldwin and Robinson, J., 1932, 1445) of interchanging the customary prefix signs should be followed 
only in conjunction with a corresponding reversal of the arrows. 
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stitution at each nuclear position in terms of the velocity of substitution at a single 
position in benzene. If the general inductive effect operated alone, the points repre- 
senting the activity of the various nuclear positions should yield curves such as a’ and b’, 
which, if extended, should meet on or near the horizontal axis. The superposition of the 
tautomeric effect, and its great op-selectivity, are expressed by the large angular displace- 
ment of curve a’ to position a, and the small, or zero, displacement of curve b’ to position b. 
Curve a must now cut curve b before it cuts .the axis, and thus the diagram becomes 
divided into three regions by the points of intersection, x and y. To the left of x isa 
normal region : curve b is above curve a (m-orientation) but below the axis (deactivation). 
The region to the right of y is also normal, since curve a is above curve b (op-orientation) 
and the uppermost curve is above the axis (activation). The abnormal region is com- 
prised between x and y, and the anomaly there represented is of the type observed. 
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As already indicated, the recognition of the general inductive mechanism as a state 
of polarisation (inductive effect), and of the tautomeric mode of electron displacement 
as a polarisability (electromeric effect), is contained in the earlier development of the 
theory. The conception of a permanent polarisation associated with the mechanism of 
the tautomeric effect was first advanced by E. H. Ingold and the writer (J., 1926, 1312, 
et seq.); and a physical test for such a polarisation was proposed (Ingold, Ann. Reports, 
1926, 23, 149), which depended on finding a group (*NMe, was suggested) such that, when 
it is linked to an unsaturated system, e.g., phenyl, the polarisation effect of the kind 
sought opposes and is strong enough to outweigh the inductive effect; it then had to 
be shown by dipole moment measurements that the direction of the electric moment 


eo 
associated with the aliphatic union of the group (Alphyl—>NR,) is reversed in the 
©® 


corresponding aromatic combination (Aryl—>NR,). The first test of this kind was 
completed (for the group ‘NH,) by Héjendahl (‘‘ Studies of Dipole Moment,” 1928) with 
definitely positive results, subsequently confirmed by other workers. Extensive further 
confirmation emerges from a generalised form of the same test conceived and applied by 
Sutton, who has shown (Proc. Roy. Soc., 1931, A, 133, 140) that, independently of the 
relative directions and intensities of component polarisations, the vector difference between 
the dipole moments associated with the types Alphyl-R and Aryl-R is in the direction of 
the tautomeric effect in the latter combination for a wide range of substituents, R. As 
Sutton’s conclusions have been criticised on the grounds of his use of ¢ert.-butyl and 
phenyl as arbitrary aliphatic and aromatic types, the view may be expressed that this 
necessarily arbitrary element in the theoretical treatment cannot affect the comparison 
of the groups, R, nor therefore the main significance ascribed to the results. The permanent 
polarisation associated with the tautomeric effect was originally distinguished by the name 
“electronic strain,” but this term has not proved convenient and, on account of con- 
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siderations indicated later, the designation mesomeric effect is now substituted. A single 
example of the chemical significance of the effect may be given. 

The normal relation between the direction of a group dipole and the effect of that 
group on the strengths of acids and bases is subject to a small number of exceptions in 
the aromatic series. The anomalies considered relate to substituents which permanently 
attract electrons, as is shown by the direction of their dipole contributions, but never- 
theless depress the association of a suitably located carboxyl group. These substituents 
all belong to the class which exerts the effect symbolised — J +- T, although they constitute 
only a small section of that category. Thus the methoxyl group, despite its electron- 
attracting dipole, decreases the strength of benzoic acid when introduced into the #-position. 
Since the effect illustrated has reference to an equilibrium, it must depend on the statis- 
tical condition of the system, and this includes factors relating to polarisation, polaris- 
ability, and entropy. It is highly improbable that the entropy effect can be responsible 
for more than a small proportion of the difference in free energy of dissociation between 
benzoic and #-anisic acids; and the polarisability effect works in the wrong direction, 
since the additional polarisability due to the methoxyl group in #-anisic acid must 
evidently increase the energy of dissociation. One is therefore thrown back on the polaris- 
ation effect of the methoxyl group, despite the difficulty concerning its direction, and the 
interpretation offered is that the opposing inductive and mesomeric components differ 
in their distribution, and, in particular, in their selectivity concerning the f-carboxyl 
group. Evidently the inductive effect will influence mainly the electrons of the aromatic 
nucleus, whilst the mesomeric effect will pass through the nucleus to the other extremity 
of the conjugated system, viz., the carbonyl oxygen atom. A rough representation of 
the situation may be obtained by replacing the component effects by dipoles of different 
pole-strength, g, and pole-separation, d, as indicated in Fig. 2. The total polarisation 
due to the methoxyl group will be the sum of two terms, — qd; and + grdrz, and will 
correspond to electron attraction if the former term predominates, 7.e., if the excess of 
qi over gr is sufficiently large. On the other hand, the effect of the methoxyl group on 
the free energy of dissociation will contain terms proportional to — gr/(y — dr) and 
+ q1/(r — dr), together with smaller terms in 1/r and polarisability and entropy correc- 
tions; it is clear that the first term might dominate the expression provided that the 
excess of g; over gr is not éoo large, and in that event the whole effect would be to weaken 
the acid notwithstanding the direction of the dipole. Generally, the anomaly illustrated 
will arise when the mesomeric polarisation, although weaker than the inductive, is not 
too weak to allow its greater selectivity to bring about a dominating influence over the 
dissociating group; and thus a series of substituents of the (— J + 7)-category, arranged 
as previously illustrated, will contain two critical points, one, y, where the dipole con- 
tribution changes direction, and the other, x, where the effect on the dissociating group 
changes sign, the central region thus marked off being the region of anomaly : 
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It cannot be doubted that a counterpart of two coexisting polarisations obtains also 
for polarisability effects, and that an inductive polarisability or inductomeric effect com- 
pletes the scheme annexed : * 
General inductive (—>) Tautomeric (7) 
Polarisation Inductive Mesomeric (/) 
Polarisability Inductomeric Electromeric (E) 


The refractometric evidence of this need not be elaborated, but an example may be 
given in the field of reactions by reference to the problem of the polarity of alkyl. Alkyl 
* The general inductive effect is regarded as being propagated partly outside the molecule (compare 
Lewis, op. cit.). This is the direct effect, introduced in relation to specific phenomena of reactivity and 
orientation by Ingold and Vass (J., 1928, 417), and extended by Bennett and Mosses (J., 1930, 2364). 
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groups are regarded as exerting a +I effect (e.g., CH,—>) relatively, as always, to 
hydrogen, notwithstanding that, according to the most acceptable definition of group 
dipole moments which also are relative to hydrogen [for a group X,u(X) = u(RX) — »(RH), 
where R is alphyl], the moment of the methyl group, and therefore of all alkyl groups, 
is zero. Evidently alkyl polarity is often induced by the groups the reactions of which 
are employed to demonstrate it (e.g., Cl or CO,H). This may be proved by comparisons 
of dipole moments, ¢.g., (1078 e.s.u.) 


CH CH,y 
CH;-H CH;>C—H CH,;>Cl CH,>C+>Cl 
CH, CH,” 
(u = 0) (u = 0) (u = 1°88) (u = 2°15) 








v a 


and a simple chemical example is provided by the strengths of formic, acetic, and pro- 
pionic acids. On the other hand, a general inductive effect of the same kind persists even 
in hydrocarbons when the practical issue is reactivity towards an electrophilic reagent, as 
is illustrated by the orientation rules (Markownikoff) for the nitration of paraffins. 
Clearly, the polarisability of carbon is the important factor here, and thus, despite a zero 


moment, a condition such as em <—CH, may obtain during reaction. The 
3 

possibility of an inductomeric (— J) effect of alkyl groups in the presence of nucleophilic 

reagents may be foreseen. 

The energy necessary for a polarisability effect is assumed to be derived from without 
the molecule, but that associated with the polarisation must be contained within, and 
the existence of two modes of polarisation, in particular the occasional coexistence of 
opposing polarisations originating in the same atom or group, raises the question of the 
nature of the intra-atomic forces responsible for conditions so obviously incapable of 
interpretation on any purely electrostatic basis. The driving power of the inductive 
effect is evidently octet stability (including the influence thereon of nuclear charge and 
of inner electrons), and thus may be regarded as essentially quantum mechanical, if the 
success of the quantum theory in the interpretation of the duplet be taken as an earnest 
of its ability eventually to deal with the octet. The driving force behind the mesomeric 
effect cannot be the same (for the two effects may clash), and its nature therefore requires 
elucidation. This question may be approached by considering together the structures of 
an anion, a neutral molecule, and a cation, each constitutionally capable of the tauto- 
meric effect. Each entity must have at least two normal modes of representation, as 
illustrated in the first and third of the columns of formule in the subjoined scheme; and 
the circumstance that some of the systems are charged as a whole whilst others are neutral 
as a whole, and that transitions may involve a displacement, a neutralisation, or even a 
separation, of local atomic charges, is trivial in comparison with the essential similarity 
of the three relationships exhibited. From the present point of view, the important 
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feature of the analogy is that all three systems show in greater or less degree the qualitative 
features of a wave-mechanical degeneracy. First, each pair of formule represents the 
same entity in different electronic states (hereafter called the unperturbed states) ; 
secondly, in one of the cases these states have the same energy, and in the others they 
may be assumed to have sufficiently nearly the same energy to preserve the essential 
features of the analogy; thirdly, it may be considered to be the principal significance 
45 
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of the phenomenon of tautomerism that these states are coupled with respect to energy 
(compare Ingold, Shoppee, and Thorpe, J., 1926, 1481, and Cooper, Ingold, and Ingold, 
ibid., 1868) in the sense of the perturbation theory. Mutual perturbations will therefore 
supervene, with the production of states which, by analogy with calculable examples of 
degeneracy, are expected to have lower energy than the unperturbed states, and therefore 
to correspond to the most stable condition of the system. Where there is an exact 
equivalence of unperturbed energies, the degenerate state must be symmetrically related 
to the unperturbed states, whilst in other cases the relationships, although not identical, 
must be similar (hence, the term mesomeric = between the parts); accordingly the 
degenerate or mesomeric states may be represented as shown in the centre column of the 
above scheme of formule, in which the symbol —— denotes the distributed proper func- 
tions of the omitted electrons. Thus the independent source of energy without which 
the existence of the mesomeric effect would be impossible is identified as the energy of 
degeneracy. 

Empirical justification in favour of such a view is available within each of the three 
fields illustrated above. Example (1) represents prototropy, in the domain of which 
numerous pairs of hydrogen isomerides (keto- and enol, nitro- and acinitro-, etc.) are 
known, but no single pair of corresponding alkali salts. The customary view that the 
single anion has a structure corresponding to that of the enol or aci-isomeride does not 
accommodate the optical activity of the nitro-anion (Kuhn and others, Ber., 1927, 60, 
1927, et seq.),* and the present suggestion is that the ion in all such cases has the meso- 
meric formulation. According to this view, observations proving the retention of optical 
activity during the bromination of a ketone (Leuchs and Wutke, Ber., 1913, 46, 2435) would 
be interpreted on the grounds that in the halogenation of ketones the first step is, not enolis- 
ation as is usually stated, but ionisation, and that the mesomeric keto-enol anion may 
be capable of at least a transient optical activity. The same general indication emerges 
in the domain represented by example (3), although here the field of observations (Pyman, 
Mills) is less extensive; whilst the distinctive evidential contribution corresponding to 
case (2) is that afforded by measurements of dipole moments (Sutton), an experimental 
method which at present is unfortunately confined in application to neutral molecules. 
The whole trend of such general evidence as this receives corroboration from the detailed 
study of certain simple cases. Thus the carbonate ion has for some time been known to 
possess trigonal symmetry in the crystal, and the interpretation of infra-red and Raman 
spectroscopic data has led to the further conclusions that the linkings of the three oxygen 
atoms with carbon are associated with identical force constants and identical dipoles 
(Schaefer, Trans. Faraday S06., my 24, 841). Again, according to the ordinary con- 


ception of the nitro-group, N<", p-dinitrobenzene and 4: 4’-dinitrodiphenyl should 


each have a large dipole moment (oriented perpendicularly to the line of the nitroxyl 
groups) just as have quinol ethers ; actually, the dipole moments of these dinitro-compounds 
are both indistinguishable from zero (Williams, Physikal. Z., 1928, 29, 174, 683), as the 


e 
mesomeric structure, N<P}e, requires. The most recent example is that of the 


sulphur dioxide molecule, the two oxygen atoms of which have been concluded from 
spectroscopic evidence to be in all respects equivalent (Bailey and Cassie, Proc. Roy. Soc., 
1933, A, 140, 605). 

In general, the fall in energy arising from a degeneracy of given order will be increased 
when the order of the degeneracy is raised by the participation of further unperturbed 
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* Kuhn’s formula, RR’C-N¢~ , for the nitro-anion is derived by ionisation of the normal nitro- 
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modification without distribution of the anionic charge thus produced, and should not be confused with 
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the structure now advocated, RR’C NC , or more probably, RR’C-NC 
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the idea of distributed proper functions. 
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states, and an excellent example of the extent to which this effect may proceed can be 
seen in the stability of free radicals such as triphenylmethyl, where, owing to the large 
number of possible positions for the “ free valency,” the energy of degeneracy becomes 
comparable with the energy of the homopolar linking. This case has been treated in 
detail by Burton and the writer (Proc. Leeds Phil. Soc., 1929, 1, 421), who described the 
theory now expressed in terms of distributed proper functions as a theory of “‘ complex 
sharing,” 7.e., of the simultaneous sharing of the same electrons by many atomic nuclei.* 
The same authors traced the source of energy of what is now called the mesomeric effect 
to the principles of electron identity and exclusion, the modus operandi of which is now 
attributed to degeneracy. Concerning free radicals in particular, it was shown also that 
the conditions appropriate to the stabilisation by degeneracy of the corresponding cation 
and of the anion should be simultaneously present in order to provide most effectively 
for the stabilisation of the radical. 

The interpretation of aromatic stability is an obvious application of the conception 
of tautomeric degeneracy, and, regarding the matter in this way, one perceives the 
inadequacy of envisaging the stability of five- and six-membered ring systems on an 
identical basis, as in the hypothesis of the aromatic sextet. In the six-membered rings 
(benzene, pyridine, etc.) the principal unperturbed states participating in the degeneracy 
will correspond to the various Kekulé (and Dewar) forms,t whereas the degeneracy in the 
five-membered systems (pyrrole, cyclopentadienide ion, etc.) will depend primarily on 
the multiplicity of possible positions for an unshared pair of electrons as is illustrated 
below for pyrrole : 


2e —— 
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The instability of the heterocyclic ring in ¢-isoindole, considered in contrast to the 
obviously aromatic nature of the corresponding ring in indole, is of considerable significance 
in this connexion, since, although both rings contain the necessary six electrons, that of 
y-isoindole lacks the equally essential multiplicity of unperturbed modifications (Goss 
and Ingold, J., 1928, 1268; Fenton and Ingold, J., 1928, 3295).§ 

The dipole moments observed in hydrocarbons such as toluene are possible mani- 
festations of a general tendency towards the accumulation of electrons, ceteris paribus, 
in those regions of the molecule in which the largest amount of energy can be lost through 
degeneracy. Such an effect, if present, would naturally not be confined to hydrocarbons, 
but would be a factor in the polarisation of unsaturated compounds generally. 





* The “ electronic strain ’’ theory (1926) is a theory involving duplex sharing, i.e., partial sharing, 
or simultaneous sharing by three atomic nuclei; but “ complex sharing ’’ goes beyond this, inasmuch as 
it includes the idea of the spreading of the same electrons (i.e., proper functions) in several directions at 
once, together with the complementary conception of simultaneous electron confluence consistent with the 
octet principle (cf. Joc. cit., p. 426, footnote) : e.g., 
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t [Added July 27th.] This theory is developed in a very recent paper by Pauling and Wheland, 
(J. Chem. Phys., 1933, 1, 362), who have employed an extremely interesting method of wave-mechanical 
calculation. 

t [Added July 27th.| Compare Pauling and Wheland (Joc. cit.). 

§ The “ reaction formule ’’ of previous papers on “‘ The Structure of the Benzene Nucleus’’ (J., 
1922, 121, 1133, 1143, et seq.), on ‘‘ Intra-annular Tautomerism ”’ (J., 1920, 117, 1362; 1922, 121, 128, 
et seq.), and on “‘ Ring-chain Valency Tautomerism ’”’ (J., 1928, 365, et seq.) are evidently the unperturbed 
states of the present description. 
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267. Anomalies in the Reactivities of Side-chain Halogens with Special 
Reference to Reaction Mechanism. 


By Joun W. BAKER. 


It has already been pointed out (Baker, J., 1932, 1148, 2361) that in the reaction between 
benzyl and phenacyl halides with pyridine (1) there are at least two factors which may 
affect the velocity of formation of the quaternary salt: (a) the ease of anionisation of 
the halogen atom, and (b) the electrostriction of the pyridine molecule by means of the 
unshared nitrogen electrons to the methylene group. 


- ® 
R-CH,—*->X —> R-CH,'NC,H,}X . 
b 
NC,;H, 
R-CH,—-»>X — > R-CH,-NHPh + HX 
b y 
NHPh-—H 
é— b+ 
In the corresponding reaction with the primary base aniline (2), there is, in addition, 
a third factor (c) which may influence the velocity of the reaction, viz., the affinity of the 
unshared halogen electrons for the positively polarised hydrogen of the attacking aniline 
molecule.* Of these various factors, (a) and (c) should be facilitated by electron accession 
to the side chain, whereas (b) requires electron recession therefrom. In Table I the values 
of the pseudo-unimolecular velocity coefficients for the reactions between substituted 


benzyl and phenacyl bromides with 10 mols. of pyridine or aniline in M /40-solution in 
90% ethyl alcohol at 30-5° are summarised. 


TABLE I. 


Reactions between R-CH,Br and (1) pyridine or (2) aniline, in M/40-solution in 90%, 
ethyl alcohol at 30-5°. 
R = p-YC,H,. 


Reaction 


type.* Y= MeO. Me. H. . Br. Cl. NO,.  (m-NO,). 
1A 10°k, mint 9°5 4°4 , 3°0 3°2 1°56 1°36 
2A 10°, min = — 87 35 4l 44 22 30°4 
R = p-Y-C,H,°CO. 
1B 108k, mint = — 5°49 6°5 — 717 7:22 = 10°4 11:3 
2B 108k, min.“ (10) 11°4 14°5 — 19°4 19°3 35 44 
* For convenience in reference reactions with pyridine and aniline are numbered 1 and 2 respectively, 
those requiring electron accession (i.e. benzyl halides) are denoted by the suffix A, and those requiring 
electron recession (phenacyl halides) by the suffix B. 
t For w-iodo compound. 


Considering, for the moment, only the effect of #-substituents of the unipolar type 
+ I(Me) and — J(NO,) it is evident that the reaction between benzyl halides and pyridine 
(1A) or aniline (2A) is facilitated by a f-methyl and retarded by a #-nitro-substituent 
and is therefore diagnosed as one requiring electron accession to the side chain (Ingold 
and Rothstein’s type A). On the other hand, the analogous reactions with phenacyl 
halides (1B and 2B) are retarded by a methyl and facilitated by a nitro-substituent, and 
thus belong to Type B reactions, 7.e., they require electron recession from the side chain. 


* For evidence in support of the intervention of this factor, which is not further discussed here, see 
Baker, loc. cit. 
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Thus under identical experimental conditions it is seen that the nature of the group R 
attached to the CH,Br group determines by which type of mechanism the reaction proceeds, 
i.e., the nature of R predisposes the molecule to react in accordance with either one or 
the other type of mechanism. 

There has been a tendency in the past to assume that such an experimental diagnosis 
determines which of the several theoretical factors is the sole rate-determining stage in 
the reaction. Thus in reactions 1A and 2A, which require electron accession to the side 
chain, the initial anionisation of the halogen atom has been postulated as the rate-deter- 
mining stage, whereas in the opposite type of reaction, 1B and 2B, this réle has been 
ascribed to the initial electrostriction of the base to the adjacent methylene carbon atom. 
It appears to the author that such an assumption may not be justifiable; a more valid 
deduction from such an experimental diagnosis would be that the electronic structure of 
the unsubstituted parent molecule is such that, of the number of collisions between either 
the reactant molecules and/or the solvent molecules, a far larger proportion of those 
which can result in, say, the separation of the halogen as a halide ion will come to fruition, 
than of those which would result in the initial co-ordination of the nitrogen atom, and 
vice versa. In any one experiment, however, both types of mechanism may occur side 
by side, and the diagnosis based on the effect of substituent groups on the resultant velocity 
merely indicates that a far larger proportion of the total molecules reacts in accordance 
with one particular mechanism than with the other. 

The results discussed above clearly suggest that alteration of the nature of the group R 
attached to the CH,Br residue definitely changes the balance from one type of mechanism 
to another, and hence the presence of substituents in R, which, of course, alters the nature 
of this group, may alter the balance between the number of molecules reacting by one or 
the other type of mechanism. Hence, in interpreting velocity data it may be necessary 
to consider the effect of the substituent group on all the possible rate-affecting factors, | 
and, since these are of opposite polar types, one requiring electron accession and the 
other electron recession, the resultant effect on the total velocity of reaction is likely to 
be complex. This may be so even when the substituent is of a unipolar type, since it 
affects the two factors in opposite senses, but an even more complicated situation arises 
when the substituent is of an ambipolar type such as — J+ T7. In such a case the in- 
ductive and electromeric effects not only oppositely influence the various rate-determining 
factors in opposite senses, but they will do so by different mechanisms. 

With the exception of the mobility of triad prototropic systems discussed by Dr. 
Shoppee (this vol., p. 1117), almost all the reactions which have been studied kinetically 
with a view to elucidating the effect of substitution contain at least two possible rate- 
affecting factors, and can be represented in a precisely similar manner to that employed 
for the reactions discussed in this communication (1 and 2), and it is well known that it 
is mainly, if not exclusively, with substituents of an ambipolar character that the many 
puzzling anomalies occur. Certain experimental evidence is available to support the 
idea that the velocity of a reaction depends on more than a single factor or mechan- 
ism, and this evidence is briefly summarised in the following paragraphs. 

(a) The influence of ambipolar substituents. The seemingly anomalous effects of nuclear 
halogen substituents (ambipolar substituents in general) on aromatic side-chain reactions 
of Types A and B have already been discussed by Dr. C. W. Shoppee (oc. cit.), who has 
shown that an explanation of their effects can be derived on the assumption of two rate- 
affecting factors of opposite polar types. In the reactions considered in this paper, the 
velocity measurements summarised in Table I indicate that the balance between the 
inductive and electromeric effects of the halogens brings them close together near a (flat) 
maximum or minimum of the theoretical curve. Thus, in both reactions 1A and 2A the 
velocities for the three #-halogenobenzyl bromides are closely similar, but in each case 
the order is I>Cl>Br, the #-bromo-compound exhibiting the smallest velocity.* In 
the reaction with pyridine (1A), however, the velocity order is H> p-halogens, whereas 
in the reaction with aniline (2A, a reaction also requiring electron accession to the side 


* Cf. curve (Fig. 6) in Dr. Shoppee’s communication (/oc. cit.). 








1130 Baker: Anomalies in the Reactivities of Side-chain 


chain) the order is #-halogens>H, clearly suggesting the existence of a varying balance 
between the inductive and electromeric effects of the halogen substituents. 

The effect of a #-methoxyl substituent on the velocity of interaction of the benzyl 
halide with pyridine is also striking. In contradistinction to the other substituted benzyl 
halides, #-methoxybenzyl bromide, or even the chloride, reacts almost instantly with the 
base, and it has been suggested (Baker, J., 1932, 2361) that the powerful + T effect of 
the methoxyl group enables the molecule to react in an ionised #-quinonoid form. 
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This furnishes an extreme case where the nature of the substituent group completely 
alters the mechanism of the reaction, which, in this case, is now exactly analogous to the 
formation of pyridine hydrobromide from pyridine and ionised hydrogen bromide. 

(b) Effect of m- and p-nitro-substituents on reaction 1A. The reaction between substi- 
tuted benzyl halides and pyridine (1A) requires electron accession and will therefore be 
retarded by both the — J and the — T effect of a substituent nitro-group. Both these 
retarding effects should be most powerful in the #-position, for in the m-position the — J 
effect will be smaller and the — T effect will be largely damped out. Hence if the sole 
rate-determining factor is one which requires electron accession to the side chain, the 
velocity should decrease in the order H>m-NO,>#-NO,. Actually the velocity 
of the m-nitrobenzyl bromide (1-36) is Jess than that of the para-compound (1-56), sug- 
gesting that, in the #-position the very powerful — J, — T effect of the nitro-group so 
facilitates the second rate-determining factor (b), viz., the initial electrostriction of the 
base to the methylene carbon atom, that this effect more than counteracts the increased 
inhibition of the opposite factor (a), 7.e., the anionisation of the side-chain halogen. 

(c) The relative facilitating and retarding effects of groups. Examination of the velocity 
data in the literature shows that it is a fairly general rule that the accelerating influence 
of any unipolar substituent on a reaction of the appropriate polar type is much more 
marked than is its retarding influence on a reaction of the opposite polar type. Thus, 
for example, the accelerating influence of a methyl substituent (+ J) on reactions 1A 
(Vel.»-Me-c,H,-cH,Br/Vel.pncn,Br =s 2-16) and 2A (Vel.ye /Vel.x == 2-49), both of which 
require electron accession, is much greater than its retarding influence on the corre- 
sponding reactions 1B (Vel.pnco-cu,Br/Vel.»-me-c,H,-CO-CH,Br = ]-2) and 2B (Vel.::/Vel.me = 
1-27), which require electron recession. Similarly the retarding influence of the nitro- 
group (—J) on reaction 2A (Vel.pncu,pr/Vel.p-no,-c,H,cH,Br = 1-6) is smaller than 
its accelerating influence on reaction 2B (Vel.no,/Vel.y = 2-4). This point is 
clearly recognised from the form of the curves obtained by plotting the velocities of 
the substituted derivatives (relative to that of the unsubstituted derivative as unity) 
against the dipole moments of the similarly substituted benzenes, a sequence which repre- 
sents the — J effects of the substituent groups. All reactions of type A (electron accession) 
give curves similar to that shown in Fig. 1, whilst those of type B (electron recession) 
are typified by the curve shown in Fig. 2. The greater magnitude of the facilitating 
influence of the methyl group in Type A reactions than of its retarding influence in Type B 
reactions is shown by the steeper slope of the portion of the curve to the left of the hydrogen 
ordinate in Fig. 1 than in Fig. 2. Conversely, the greater slope of the portion of the 
curve to the right of the hydrogen ordinate in Fig. 2 than in Fig. 1 illustrates the similar 
point with regard to the nitro-group. 

Such behaviour can readily be understood on the basis of a theory of dual mechanistic 
control such as has been developed in this communication. Where the electronic char- 
acter of the parent (unsubstituted) molecule is such that most of the molecules react by 
one particular mechanism, a substituent group which greatly facilitates this mechanism 
will have only a relatively unimportant retarding effect on those molecules which might 
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eC react by a mechanism of the opposite type, since these are very few in number. When, 
however, the substituent is of the type which retards the more important type of mechanism, 
it will also facilitate the less important one of the opposite polar type, and so increase the 
possibility of molecules reacting by the latter mechanism. Hence its retarding influence 
on the more important type of mechanism may be partly counteracted by the increased 
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chance for molecules to react by the second mechanism, and thus its resuliant retarding 
effect may be greatly reduced. 

In Figs. 1 and 2 the portion of the curve in the region between aa’ occupied by ambi- 
polar groups may take any of the forms already discussed by Shoppee, and the inter- 
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penetration of these curves into the simple curve which represents the effect of substituent 
groups of a strictly unipolar character will cause irregularities in the complete curve 
showing the effects of substituents of a// polar types. According to the relative positions 
of the ambipolar groups on the interpenetrating curve (cf. Shoppee, Joc. cit.), various 
forms of composite curves can be derived, and examples of all these theoretical types are 
found in the velocity data recorded in the literature. Such complete composite curves 
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for the reactions between benzyl and phenacyl bromides with pyridine or aniline are 
shown in Fig. 3. 

(d) The results of Dawson and Dyson (this vol., pp. 49, 1133) have clearly shown that in 
an apparently simple reaction, which might, but for their investigations, have been 
represented by 


X-OC-‘CH, —> Br —> X-OC-CH,-OH + HBr 
a) \e “ 
nO" (X = OH or O.) 
3— b+ 
there are actually four different reactions occurring simultaneously, all giving, ultimately, 
the same product, and of these the reactions between either the bromoacetic acid or its 
anion and water are of relatively small importance. 

(e) Effect of the concentration of the base on the velocity of reaction. Although the re- 
actions between benzyl (1A) and phenacyl (1B) bromide with pyridine are diagnosed as 
of opposite polar types, the former requiring electron recession from, and the latter electron 
accession to, the side chain, preliminary experiments summarised in Table II have shown 
that both reactions are dependent to an approximately equal extent on the concentration 
of the pyridine. Hence both reactions must contain rate-determining factors which are 
dependent on the concentration of the base. 


TABLE II. 
Reaction. Base concentration (mols./mol. of bromide). 10°2, min.-}. 
PhCH,Br + NC,H,; p 


”? 
Conclusion. 


The evidence summarised above suggests that in most, if not all, of the reactions which 
have previously been subjected to kinetic study, the presence of at least two rate-deter- 
mining stages of opposite polar character must be assumed, and that such an assumption 
provides at least a possible explanation of the various anomalies in the effect of substituents 
which have been observed (cf. inter alia, Baddeley and Bennett, this vol., p. 261). It 
therefore appears to be somewhat dangerous to deduce theories regarding the polar char- 
acter and external fields of substituent groups from such data. The first essential would 
seem to be a more detailed analysis of the mechanism of some simple reaction on the lines 
applied so successfully by Dawson to the bromoacetate reaction. 

It may thus be possible to circumscribe exactly the mechanism of the simpler of such 
reactions and then, from a study of the effects of substituents, gain a truer insight into 
the real nature of their polar character, and investigations on these lines are in hand. 

Effects of the side-chain halogen on the velocity. So far, only the effect of different 
nuclear substituents has been considered. Table III summarises the effect of varying 
only the nature of the side-chain halogen in the compounds with an unsubstituted phenyl 


nucleus. 
TABLE III. 


r . Relative order of 
Reaction type. ; , ol. velocities. 

1A Electron accession , . . I> Br>>Cl(> F) * 

2A v ” , I> Br)>>Cl 

1B Electron recession , . . Br>I5SCl 

2B ” , ‘ . (I = Br)>>Cl 


* Ingold and Ingold, Joc. cit. 





The anomaly that, in reactions 1A and 2A requiring electron accession to the side 
chain, the side-chain halogen reactivity decreases in the order I>Br) Cl, 7.e., the order 
of increasing and not of decreasing — J effects, has long been appreciated. Two sugges- 
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tions have hitherto been made to explain this anomaly. The first, advanced by Ingold 
and Ingold (J., 1928, 2249), may be briefly summarised by saying that the reactivity of 
the side-chain halogens depends on the extent to which they are capable of temporary 
electrical polarisation, 7.¢., on the relative ease of displaceability of the halogen electrons. 
The second, due to Bennett (J., 1929, 263), postulates the initial formation of an unstable 
compound between the base and the halide in which the halogen octet becomes expanded 


a & 
to a decet, RCCH,"X <—- NC; H,, the compound subsequently being rearranged to give the 
ultimate product. 

By combining both these suggestions, possible mechanisms for the reactions between 
benzyl or phenacyl halides with pyridine can be formulated. On the basis of evidence 
at present available, the necessary conditions which must be satisfied in any mechanism 
for the reaction with the phenacyl halide are (1) that it requires electron recession from the 
side chain, (2) that it is dependent on the concentration of the base, and (3) that with 
different halides it shall become increasingly facile in the order CI<Br<I. The following 
scheme would satisfy all these requirements : 


O 
I coum C ee 
R-C—CH,—X + NR, > RC—-CH,-X<NR, —> 
10e 


9 ® 6 
R-C—CH,—NR}}X 


but such a scheme need not preclude a simultaneous attack of the base directly at the. 
positively polarised methylene group as formulated on p. 1128. 

In the reaction with benzyl halides, the necessary conditions relating to the mechanism 
are (1) that it requires electron accession to the side chain; (2), and with possible minor 
qualifications (3), as above. The first of these conditions would seem to eliminate the 
formation of a complex containing a halogen with a 10e group as a possible initial step, 
and in this reaction the initial stage might well be the polarisation of the benzyl halide 


b+ é— 
R-CH,—> X. A suitable collision between a pyridine molecule and the positively polarised 
methylene group could then enable the side-chain halogen to escape with its bonding 
electrons as a negative halide ion, the depleted octet around the methylene carbon being 
simultaneously restored by sharing the unshared electron pair on the nitrogen atom. 
Thus the electrostriction of the base would be a definite rate-determining factor, even 
although the effect of substituent groups on the velocity suggests that the degree of 
polarisation of the benzyl halide is the more important consideration. 





268. Mechanism of Substitution in Organic Compounds. Elimination 
of Bromine from Bromoacetic Acid and the Bromoacetates. 


By H. M. Dawson and N. B. Dyson. 


IN a previous paper (this vol., p. 49) it has been shown that the elimination of bromine 
from the alkali bromoacetates in neutral aqueous solution is due to two simultaneous 
reactions, one of which is apparently unimolecular and a single-stage reaction represented by 
CH,Br:CO,’ + H,O —»> CH,(OH)-CO.H+ Br’ . . . . (J) 
The second reaction is bimolecular with respect to the bromoacetate and involves two 
stages corresponding with 
2CH,Br-CO,’ —> CH,Br-CO,°CH,°CO,’+ Br’. . . . (IIa) 
CH,Br-CO,°CH,°CO,’ + H,O —> CH,Br-CO,’ + CH,(OH)*CO,H . (IIb) 
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The second stage does not keep pace with the first, and as a consequence the alkali required 
for the titration of the glycollic acid is always less than the silver required for the titration 
of the bromide. 

In both reactions silver titration affords a means of determining the rate at which 
bromine is eliminated from the bromoacetate, and when the reaction velocities are measured 
under conditions in which the disturbing influence of effects due to the reaction products 
and the varying salt content of the solutions is avoided, it is found that the velocity varies 
with the concentration (x) of the bromoacetate in accordance with the equation 


v=%,+%= kx a hax? wos le lative ws CD 


where k, is the velocity coefficient for (I), and k, that for (IIa). 

Since bromoacetic acid in pure aqueous solution is appreciably ionised, it is apparent 
that the elimination of bromine from the free acid will be due to some extent to the above 
reactions. In comparison with the actually observed rate, the velocity calculated from 
(1) is, however, quite small, and it is apparent that a very considerable part of the measured 
velocity is due to one or more reactions in which the un-ionised bromoacetic acid is con- 
cerned. The facts show clearly that the bromoacetic acid molecule is involved in a reaction 
which may be formulated in accordance with the usually accepted mechanism as 


CH,Br-CO,H + H,O —+> CH,(OH)-CO,H + H’+ Br’ . . (III) 


but this alone is not sufficient to account for the observed velocity in solutions of the free 
acid and, more particularly, for the data which have been obtained as a result of the 
more general investigation of solutions containing both bromoacetic acid and the bromo- 
acetates. These observations lead indubitably to the conclusion that a further reaction 
is involved in which the bromoacetic acid molecule reacts with the bromoacetate ion. 
This bimolecular reaction is probably similar to (II) in that two stages are involved which 
for our purpose may be formulated as 


CH,Br-CO,H + CH,Br-CO,’ —> CH,Br-CO,°CH,°CO,H + Br’ . (IVa). 
CH,Br-CO,*CH,*CO,H + H,O —> CH,Br-CO,H + CH,(OH)-CO,H . (IVb) 


The relative rates of the successive stages in reaction (IV) are not known, and for the 
present purpose are not required. It suffices in this connexion to realise that the progress 
of the reactions represented by (III) and (IVa), in which bromine is eliminated from the 
CH,Br radical, can be followed by titration with silver solution. There is obviously a 
close analogy between reactions (I) and (III) and between reactions (IIa) and (IVa), and 
the silver titration data obviously afford a means of measuring the joint rate of the re- 
actions (I)—(IV) in so far as the liberation of the bromine atom and the production of 
the bromide ion are concerned. For a solution which contains both bromoacetic molecules 
and bromoacetate ions, the reaction velocity, in the absence of disturbing effects, should 
therefore be given by the equation 


V = Vy + Vy + Ug + Uy = Ay[A] + AgfA’P + kg[HA] + A[HA][A] . (2) 


in which v,, vg, v3, and v, are the separate velocities of (I), (IIa), (III), and (IVa) respectively 
and ky, ks, ks, and ky are the corresponding velocity coefficients. 

In conjunction with the results obtained in the study of neutral solutions of the bromo- 
acetates (loc. cit.), the experiments to be described would seem to justify the conclusion 
that equation (2) includes all the processes by which the halogen can be eliminated from 
halogen-substituted aliphatic acids and salts in the absence of reaction products or added 
foreign substances. 

As in the previous experiments with neutral bromoacetates, the velocities recorded 
in the present paper are, for the most part, the values of v = A[Br’]/Aé for a small initial 
stage representing 2°/ of the complete reaction. An important exception will be noted 
in due course. This method of experimentation is an essential feature of the enquiry 
and is necessitated partly by the complex nature of the change which involves reactions 
of different orders, and partly by the circumstance that the velocity in the later stages 
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is very considerably affected by the products of reaction. The effects of these differ both 
in nature and in magnitude according to whether the measurements relate to solutions 
of bromoacetic acid or to neutral bromoacetate solutions. The measurements were made 
at 25° unless otherwise specified, and to save space the velocities (mols. /litre/min.) and 
velocity coefficients have been multiplied by 10°. In some cases, the recorded data have 
reference to pure aqueous solutions, but more frequently, the solutions contain sodium 
nitrate in such quantity as to give a total salt concentration of 1 mol. per litre. Such 
solutions, the use of which is intended to eliminate as far as possible the so-called inert-salt 
effects, will be referred to as solutions providing ‘‘ standard conditions.” 

The first experiments with free bromoacetic acid in salt-free solution showed that 
the specific velocity v/x increases continuously from 2-2 to 4-0 when the concentration x 
is raised from 0-02 to 1-0 mol. per litre, but no simple interpretation of the observations 
could be found. Since the relations are complex, the results for free bromoacetic acid 
solutions will be discussed later. On the other hand, the behaviour of bromoacetic acid 
in presence of excess of a strong acid appears to be quite simple, and consideration will 
therefore be given in the first instance to the behaviour of the acid in solutions of large 
hydrogen-ion concentration. 

Elimination of Bromine from Bromoacetic Acid in Presence of a Strong Acid.—In previous 
experiments by Senter (J., 1907, 91, 460) evidence was obtained that the rate of hydrolysis | 
of halogen-substituted aliphatic acids is reduced by the addition of the corresponding 
halogen acid. The rate of the reaction was measured by titration with standard alkali 
and the results expressed in terms of k = 1/¢. logecg/(cg — x), the diminution of & in 
presence of the strong acid being attributed to the formation of less reactive bromoacetic 
acid molecules from the corresponding ions. It will presently become clear that this 
explanation is quite inadequate, but the particular point to be noted at the moment is 
that our experiments show that the course of the reaction is modified very considerably 
by the addition of strong acid. Table I gives results obtained with 0-2M-bromoacetic 
acid under standard conditions (a) in the absence of strong acid, (b) in presence of 0-5M- 
nitric acid. The recorded data are /, x, and &. Since the reaction is slow at 25°, these 
observations were made at 45°. 


TABLE I. 
(a) 0-198M-CH,Br-CO,H + 1M-NaNO, (45°). 


582 1720 2950 6140 10,020 16,230 25,910 
0°0051 0°0142 0°0231 0°0436 0°0641 0°0890 0°1180 
43°3 42-2 40°5 39°0 36°8 35°0 


(b) 0-198M-CH,Br-CO,H + 1M-NaNO, + 0-5M-HNO, (45°). 


1105 2603 6925 11,330 17,050 
0-0064 0°0147 0-0368 0°0564 0°0785 
29°6 29°7 29°6 29°6 


In the presence of 0-5M-nitric acid the reaction proceeds in close agreement with the 
unimolecular formula. This does not apply, however, when the strong acid is absent, 
and in these circumstances it is apparent that the initially higher value of k fallscontinuously 
as the reaction progresses. 

Similar results have been obtained in corresponding experiments with chloroacetic 
acid, and the difference in behaviour under conditions (a) and (b) is without doubt con- 
nected with the fact that the halogen acid produced by the reaction has practically no 
influence on the ionisation of the halogen-substituted acid when a considerable amount 
of strong acid is already present, whereas this effect is considerable when the strong acid 
is absent. 

Measurements of the initial velocities for 0-2M-bromoacetic acid in the presence of 
varying amounts of nitric acid afford substantial support for this explanation of the differ- 
ence between the two series of data in Table I. The results obtained in salt-free solutions 
and also under standard conditions (see above) are shown in Table II. 
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TABLE II. 
0-2M-CH,Br-CO,H + *«M-HNO3. 
0-02 0°05 01 0-2 
‘59 0-515 0°46 0-415 0°39 
0-2M-CH,Br-CO,H + 1M-NaNO, + «M-HNO3. 


0°02 0°05 0-1 0-2 0°5 


0°3 
0°635 0°565 0°52 0°48 — 0°46 0°45 


The nature of the relations is the same in both series, and from the trend of the v—x 
curves (cf. Fig. 1) it would seem that the velocity approaches a lower limiting value as 
the concentration of the bromoacetate ion is gradually reduced. In so far as secondary 
effects resulting from the gradual change in the nature of the reaction medium by the 
addition of nitric acid can be neglected, this limiting velocity should afford a measure of 
the velocity of reaction (III). 

From consideration of the results in later tables, it is apparent that the determination 
of ky from the data for bromoacetic acid solutions to which a strong acid has been added 
can only be justified if the concentration of the bromoacetate ion is strictly limited. Since 
larger additions of nitric acid not only change the character of the reaction medium but 
give rise to small quantities of free bromine, it follows that the concentration of the bromo- 
acetic acid in these solutions must be restricted. This point has been kept in view in 
the two series of experiments recorded in Table III, which show that in presence of 0-5M- 
nitric acid the reaction velocity is proportional to the concentration of the bromoacetic 


TABLE III. 
xM-CH,Br-CO,H + 0-5M-HNO,. 


0-02 0°03 0°05 0°07 0°10 
0°0545 0-093 0-128 0-191 
1°82 1°86 1°83 1-91 


xM-CH,Br-CO,H + 1M-NaNO, + 0:5M-HNO,. 
0°02 0°03 0°05 0°07 0°10 0°15 
0-066 0°110 0°154 0°223 0°333 
2°20 2°20 2°20 2°23 2°22 


The measurements under standard conditions thus lead to v/x = kg = 2-2. Since fy 
and k, are also known (previous paper, loc. cit.), it is possible to enquire to what extent 
the measured velocities for solutions of free bromoacetic acid (cf. Table IX) under stan- 
dard conditions can be interpreted in terms of reactions (I), (II), and (III). The result 
shows that the measured velocities are considerably greater than those given by 
Vv = Vy + Vg + vz = 3-4[A’] + 19-3[A’]}? + 2-2[HA], and that the divergence increases 
with the concentration of the acid. The relations thus disclosed lead to the conclusion 
that some reaction other than (I), (II), and (III) is responsible in considerable measure for 
the observed rate of the reaction in solutions of free bromoacetic acid. 

The supposition that this is the bimolecular change in which the bromoacetic acid 
molecule and the bromoacetate ion are the reactants is fully borne out by the results 
which have been obtained in experiments with solutions containing both bromoacetic 
acid and sodium bromoacetate. Certain selected series of such solutions show simple 
relations which have greatly facilitated the investigation of the general problem. 

Elimination of Bromine from Mixtures of Bromoacetic Acid and Sodium Bromoacetate.— 
Preliminary experiments showed that the velocity (vm) for a solution which contains 
equivalent quantities of the acid and salt (x mols. of each per litre) is very much greater 
than the sum of the velocities for the two separate solutions each containing x mols. of 
the acid or salt per litre. Table IV shows the results for a series of pure aqueous solutions 
which are related in this way. The velocities under va refer to solutions of bromoacetic 
acid, and those under v, to solutions of sodium bromoacetate. 
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TABLE IV. 


; Ve: Vas (Va + 4). ins Um| (Ve + 1). 
0-0 0-116 0°145 0-261 0°416 1°60 
0-1 0264 0-369 0°633 1-26 1-99 
0-2: 0-77 1:50 2°27 6-40 2°84 
0°50 1-74 5°12 6°86 24-1 3°51 
The last column shows that the ratio vm/(va + vs) increases markedly with the con- 
centration, and also that the reaction which involves both the bromoacetic acid molecule 
and the bromoacetate ion is responsible for the greater part of the observed velocity in 
the mixed solutions at the highest concentrations. Having regard to the fact that the 
salt content of the solutions is variable and that the acid is appreciably ionised in the 
solutions of the free acid but only to a very small extent in the mixed solutions, it is, 
however, not possible to make any precise quantitative comparison of the above data. 
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Fic. 1.—Influence of strong acid (x M-HNO,) on the reaction velocity (v) for 0°.2M-CH,Br-CO,H. 
Upper curve refers to standard solutions and lower curve to salt-free solutions. 
Fic. 2.—v—x Graph for the series xM-CH,Br-CO,Na + (0°5 — *)M-CH,Br-CO,H under standard 
conditions. 


Experiments have accordingly been made with a series of solutions (A) which contain 
equivalent quantities of acid and salt under standard conditions. These solutions are 
represented by the general formula xM-CH,Br-CO,H + xM-CH,Br-CO,Na + (1 — x)M- 
NaNO,. For values of x such that it is possible to measure the initial reaction velocity 
(x>0-02), the concentrations of the bromoacetic acid molecule and of the bromoacetate 
ion are given with very close approximation by [HA] = x — [H’] = x — K and [A’] = 
x + [H*]) = x + K, where K is the ionisation constant of the acid in the standard salt 
solution. On substitution of these values in equation (2), this takes the form 


v = k,(x + K) + &,(x + K)? + ky(x — K) + hy(x® — K?), whence 

v= (hy + hg + 2hgK)x + (hg + hy)a® + (ky — he)K — (hey — hg) K? 
in which, having regard to the values of k,, kg, kg, ky, and K, the constant terms are negligible 
if x is not very small. Since, further, the value of 2k,K is only about 1% of (k, + hs), 
it follows that the previous equation reduces with a close degree of approximation to the 


simple form 
v = (Rk, + he)lx + (ko th)x®*. . « «1 ee (20) 
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According to this, the plot of v/x against x should yield a straight line, the intercept of which 
on the zero ordinate affords a measure of k, + ks, whilst the slope of the line gives ky + 4. 

Close agreement with this linear relation is shown by the actual velocities for solutions 
of this series (x = 0-05—1-0), and the data lead to k, + kg = 5-6 and ky + ky = 90°8. 
By introducing k, = 3-4 and ky = 19-3 (the values given by neutral sodium bromoacetate 
solutions), we obtain k, = 2-2 and ky = 71-5. The value thus derived for k, is identical 
with that afforded by the experiments with bromoacetic acid in presence of 0-5M-nitric acid. 

Confirmation of the value of k, has been obtained from the data afforded by an 
independent series of mixed solutions (B) represented by the general formula 
cM-CH,Br-CO,Na + xM-CH,Br-CO,H + (1 — c)M-NaNO,, where c is constant and x is 
variable. If the ratio x/c is suitably restricted, the application of equation (2) to this 
series of solutions (under standard conditions) leads to 


v=khe+khet+khyex thx. . . . « « « (2d) 


according to which v should vary linearly with the concentration (x) of the bromoacetic 
acid. The v-x graph for this series with c = 0-1 is, apparently, strictly linear, and leads 
to kg + kc = 9-50, fram which, if k, = 2-2, we obtain k, = 73, which is in good agreement 
with the value 71-5 given by the previous series of solutions (A). 

The above measurements, in combination with those of the previous paper (this vol., 
p. 49), have thus enabled us to evaluate the velocity coefficients for the reactions (I), 
(IIa), (III), and (IVa) under standard conditions. These coefficients, viz., k, = 3-4, 
ka = 19°3, kg = 2-2, and k, = 72, may now be used to calculate the reaction velocities 
for solutions containing bromoacetic ions and molecules. Table V shows the results for 
solutions which contain equivalent quantities of bromoacetic acid and sodium bromo- 
acetate, and Table VI the results for solutions which contain a fixed quantity of the salt 
and a variable amount of the acid. The numbers recorded are the partial velocities 
Vy, Vg, Vg, and vy, together with the calculated total velocity (v..) and the observed 


velocity (Vop.,). . . 
ABLE V. 


(A) xM-CH,Br-CO,H + xM-CH,Br-CO,Na + (1 — x)M-NaNO,. 
x. v;-. Ug. Ug. U4. Veale. Vots. x. Uy. U9. U3. U4. 
0°02 0°068 0°004 0°044 0°029 0°145 0°147 0710 0°340 0°193 0°220 0°720 
0°03 0°102 0°017 0°066 0°065 0°250 0°254 0°30 1°02 1:74 0°66 6°48 
0°05 0°170 0°048 0-110 0°180 0°508 0°502 0°50 1°70 4°82 1°10 , 
0°06 0°204 0°069 0°132 0°259 0°664 0°666 0°70 2°40 945 1°55 
0°08 0°272 0°123 0°176 0°461 1°03 1°05 100 3°40 19°3 2°20 

TABLE VI. 

(B) 0-1M-CH,Br-CO,Na + xM-CH,Br-CO,H + 0-9M-NaNOsg. 
0°02 0°340 0°193 0°044 0°144 0°72 0°695 0°10 0°340 07193 0°220 0°720 1°47 1°46 
0°04 0°340 0°193 0-088 0°288 0°91 0°89 0°15 0°340 0°193 0°330 1°08 1:94 1:97 
0°06 0°340 0°193 0°136 0°432 1:10 1:08 0°20 0°340 0°193 0°440 144 2°41 2°40 
0°08 0°340 0°193 0°176 0°576 1°285 1:28 


The close agreement between the observed and calculated velocities in the above 
tables affords very strong evidence for the validity of equation (2) as a basis for the inter- 
pretation of the experimental facts. The measured velocities cover a wide range, and the 
relative contributions of the several component reactions to the total effect also vary 


very considerably. 
A further interesting series (C) of solutions which contain both acid and salt is that 


represented by the general formula xCH,Br-CO,Na + (c — x)CH,Br-CO,H, in which the 
total concentration (acid and salt) remains constant and equal to c. If the solutions at 
the extreme acid end of this series are excepted, the ionisation of the acid may be neglected 
without serious error, and equation (2) applied to this series takes the form 
v= khyx + hyx*?®+h(c— x) +hyx(c—x) . . . . . (2c) 
= hgc + (ky + kyc — hy)x — (hy — hy) x? 
whence dv dx = (ky + kyc — kg) — (ky — Ry) x, 
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from which it follows that the velocity should pass through a maximum when 


where x/c represents the molar fraction of the sodium bromoacetate in the acid-salt 
mixture. 

Preliminary experiments with pure aqueous solutions and with solutions under standard 
conditions in which the total bromoacetate (acid and salt) is equal to 0-2M, showed that 
the initial velocity for a series of this type passes through a maximum value. This is 
evident from Table VII, which gives the initial velocities for mixtures dissolved in water 
(a) and for the same mixtures under standard conditions (b). The curve which is obtained 


TABLE VII. 
(a) xM-CH,Br-CO,Na + (0-2 — x)M-CH,Br-CO,H. 
0025 005 0075 O10 0125 0 0175 
‘59 = 0-79 1-02 1-16 1-29 1-31 1-1 
() xM-CH,Br-CO,Na + (0-2 — x)M-CH,Br-CO,H + (1 — x)M-NaNOs. 
0025 005 0075 O10 0125 O15 O175 0°20 
0°91 112 1:29 1°46 1°54 1°53 1°48 1°43 
by plotting the velocity for the standard series against x is rather flat in the neighbour- 
hood of the maximum-velocity mixture, and the composition of this is not very precisely 
indicated. From theoretical considerations it appeared that the conditions would be 
more favourable if the total concentration (c) were increased, and experiments were there- . 
fore made with c = 0-5 under standard conditions. The results for this series are recorded 
in Table VIII, which gives the calculated partial and total velocities as well as the observed 
velocity. F 
TABLE VIII. 
(c) xM-CH,Br-CO,Na + (0-5 — x)M-CH,Br-CO,H + (1 — x)M-NaNO3. 
v;. Uo. V3. Me Vat, Vee %. V;. Vp. Us. Ug. Veute, Vobs, 
051 0-43 0-77 3-78 549 540 035 1:19 236 033 3:78 7:66 7°76 
068 O°'77 O66 432 643 6°49 0-40 1:36 3:09 0°22 2°88 7:55 7°50 
0°85 121 055 450 TIL 7:13 045 153 3-91 O11 162 717 7:09 
102 1:74 0°44 432 752 752 050 170 482 — — _ 652 6:30 

From the v,4,—* graph shown in Fig. 2, it is apparent that the velocity passes through 
a maximum when +x/c is approximately 0-70, which agrees closely with the molar fraction 
given by equation (3). This may be written in the form x/c = 0-683 + 0-0114/c, and for 
c= 0-5, this gives x/c = 0-705. According to the general relation, the fraction of the 
salt in the maximum-velocity mixture increases as c diminishes and becomes equal to 1-0 
when c = 0-036. For such values of c as can be effectively examined in this connexion, 
the variation of the composition of the maximum-velocity mixture is, however, not large 
enough to be determined with accuracy. The solutions in the above series may be sup- 
posed to be produced either by the mixing of equivalent solutions of the acid and salt in 
varying proportions or by the gradual addition of nitric acid (without change of volume) 
to a solution of sodium bromoacetate. In either case the maximum velocity is of particular 
interest, and its occurrence is to be attributed to the relatively high value of the coefficient 
for the reaction between the bromoacetic acid molecule and the bromoacetate ion. The 
velocity of this component change is given by v, = kyx(c — x), which for all values of c 
reaches a maximum when x/c = 0-5, and the fact that the observed maximum velocity 
occurs at x/c = 0-70 when c = 0-5 is, of course, to be attributed to the superimposed 
effects of the three other simultaneous reactions. 

Elimination of Bromine from Free Bromoacetic Acid.—The usual method for the deter- 
mination of the initial velocity cannot be applied to the more concentrated solutions of 
free bromoacetic acid on account of the pronounced retarding effect of the resulting hydro- 
bromic acid, and an extrapolation method (see p. 1143) has been used. The results obtained 
in this way show that the variation of the velocity with the concentration of the acid is 
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quite different from that shown by neutral solutions of the bromoacetate, as may be seen 
from Fig. 3, in which the specific velocity is plotted against the concentration. The graph 
for the neutral salt is a straight line, but the free acid shows no such simple behaviour. 

Since the degree of ionisation of the acid varies with its concentration, it will be readily 
understood that the relations exhibited by solutions of free bromoacetic acid are more 
complex than those which are peculiar to solutions of the neutral salt or to solutions 
containing both acid and salt in which the ionisation of the acid is negligibly small. 

The measured velocities for bromoacetic acid solutions under standard conditions are 
recorded in Table IX, which shows also the calculated partial and total velocities. The 
calculated values are based on concentrations of the reactant ions and molecules derived 
from [A’] = “Kx + (K/2)? — K/2 and [HA] = x — [A’], where x is the concentration, 
and K = 2-2 x 10° the ionisation constant of the acid under standard conditions. The 
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Plot of specific velocity v/x against x. Upper curve refers to bromoacetic acid (v/x scale on 
left) and lower curve to sodium bromoacetate (v/x scale on right). 


latter is the value given by the method of Dawson, Hall, and Key (J., 1928, 2844) from 
kinetic data relating to the acetone—iodine reaction in 1M-sodium nitrate solution with 
bromoacetic acid (0-02—0-2M) as a catalyst. The corresponding values for salt-free 
solutions are 1-38 x 10-3 at 25° (Ostwald, Z. physikal. Chem., 1889, 3, 178) and 1-56 x 10% 
at 0° (Kortright, Amer. Chem. J., 1896, 18, 365). The influence of the inert salt is of the 
expected order. 
TABLE IX. 
xM-CH,Br-CO,H + 1-0M-NaNO,. 
V;. Ve. Vs. Ves Wate, Tobe . V1. Ve. Us. V4. 
0°0185 0:0005 0°032 0°006 0°057 0-058 ; 07105 0°018 1:03 1:05 
0°031 0°002 0°090 0°027 0°150 0°155 . 0-115 0°022 1°245 1°39 
0°045 0:°003 0°191 0°083 0°322 0°332 , 07125 0°026 1°46 1°76 
0°065 0:007 0°398 0°250 0°720 0-730 P 07135 0°030 1°67 2-16 
0-081 O-011 0°607 0°473 1°17 1°18 ‘ 07150 0°038 2°10 3°05 
0094 0-015 O82 O74 167 = 1°62 
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For the more dilute solutions the observed and calculated velocities are in close agree- 
ment, but for the more concentrated the observed values are definitely smaller than the 
calculated and the divergence increases with the concentration. In the 1M-solution the 
calculated velocity is about 12% greater than the observed. 

In this connexion it is to be noted that the velocity in the more concentrated solutions 
is mainly determined by v, = k,[HA] and v, = k,[HA][A’], and since the degree of ionis- 
ation of the acid in these solutions is small, it follows that vz would only be affected by a 
change in kg, whereas v, would be affected by changes in either k, or K. 

Evidence of the diminution of k, in the more concentrated bromoacetic acid solutions 
is afforded by the experimental data for such solutions in the presence of 0-5M-nitric 
acid. In the standard series of solutions represented by the formula xM-CH,Br-CO,H + 
0-5M-HNO, + 1M-NaNOs, the concentration of the bromoacetate ion is given approxim- 
ately by [A’] = K[HA]/[H"] = 2Kx = 0-0041x, and by substitution in equation (2) it 
may be shown that this takes the form v = vg + v4 = 2-20x + 0-30x*, according to which 
the velocity for x = 1-0 should be 2-50, whereas experiment gives 2-19. Since v, is mainly 
responsible for the observed rate of change in this solution, this result seems to indicate 
that k, diminishes as the concentration of the bromoacetic acid increases. 

Although the results in Table V afford no evidence for a diminution of 4, it seems 
probable that v, will be reduced in the more concentrated acid solutions as a consequence 
of a diminution in the ionisation constant of the acid. A quantitative explanation of the 
differences between vj, and v3, for the more concentrated solutions in Table IX is, 
however, not possible. 

From the results in this and the previous paper (loc. cit.) it is apparent that the elimin- 
ation of bromine from the -CH,Br group in solutions which contain bromoacetate ions 
and bromoacetic acid molecules is, in general, the result of four independent reactions. 
Under conditions which provide for the elimination of the accelerating or retarding effects | 
which are caused by the products of reaction, the observed velocity at 25° can be repre- 
sented very satisfactorily by equation (2). When the total salt concentration is kept 
constant, this equation may be written 


v = 0, + Ve + vg + v4 = 3-4[A’] + 19-3[A’? + 2-2[H A] + 72[HA][A’. 


By appropriate variation of the composition of the solution, any one of the four re- 
actions may assume the dominant réle in the bromine-elimination process. In very dilute 
solutions of neutral bromoacetate, the observed change is almost entirely due to the first 
reaction, whilst the second is the chief factor in the change in concentrated neutral solutions. 
For solutions of bromoacetic acid to which an excess of a strong acid has been added, the 
observed velocity is almost exclusively due to the third reaction, whilst the fourth is by 
far the most important in fairly concentrated solutions which contain equivalent quantities 
of bromoacetic acid and bromoacetate. These reactions, it may be noted, include all 
but one of the possible reactions of the first and second order. The fifth would be repre- 
sented by the interaction of two molecules of bromoacetic acid, but no evidence for the 
occurrence of this reaction has been obtained. 

With regard to the relative magnitudes of the four velocity coefficients, it is not possible 
to compare directly the coefficients for reactions of different orders. On theoretical 
grounds, it is, however, probable that the first-order reactions (v, and vg) are not really 
unimolecular, but involve collisions in which the water molecule is the second reactant. 
Since the ‘‘ standard ”’ solutions contain approximately 54 mols. of water per litre, the 
coefficients k, and kg should be divided by 54 for comparison with the coefficients k, and 
k,. The relative values of the bimolecular velocity coefficients for the four (five) reactions 
are then represented by the following numbers : 


IIE -sawitcitosticaincaiesnanes Mol.-H,O. Ion—H,O. Ion-Ion. Mol.-Ion. (Mol.—Mol.). 
Relative vel. coeffs. .............++ 1-0 1°55 475 1770 (0) 


In so far as the elimination of bromine from the halogen-substituted radical -CH,Br 
is concerned, the above numbers indicate that collisions between two ions or between 


4F 
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a molecule and an ion are vastly more effective than are collisions in which the water 
molecule is involved. In collisions with the water molecule, bromine is eliminated more 
readily from the bromoacetate ion than from the bromoacetic molecule, but the difference 
between these is not nearly so striking as the differences between the results of collisions 
between pairs of bromoacetic entities. The data have obviously some considerable bear- 
ing on recent speculations relative to the mechanism of substitution reactions, but this 
will not be discussed in the present paper. 

Influence of Reaction Products on the Course of the Reaction.—In solutions of free bromo- 
acetic acid, the rate of change at the outset is jointly due to the four reactions which 
correspond with v,, v2, v3, and v4. As the reaction proceeds, the hydrogen ion increases 
continuously as the result of the formation of hydrobromic and glycollic acid. At the 
same time, the concentration of the bromoacetate ion decreases, with the result that 
Vy, Vg, and v, diminish and approximate to zero, whilst vg increases to a constant limiting 
value. If c is the concentration of the acid and « its degree of ionisation in the original 
solution, the ratio of the constant limiting value to the initial value of vg is given by c/c(1 — 
a) =1/(1— a). In the solutions in which the hydrogen-ion concentration has risen 
considerably, the glycollic acid is also practically un-ionised, and since experiments with 
bromoacetic acid in the presence of 0-5M-nitric acid have shown that the reaction velocity 
is not appreciably altered by the addition of glycollic acid, it may be inferred that bromine 
is not liberated by the interaction of the glycollic acid formed with the residual bromo- 
acetic acid. In these circumstances, it is clear that the course of the reaction will be 
such as to approximate to a condition in which v, is the only effective component (cf. 
Tables I and II). The reaction which is complicated at the outset thus tends to become 
a simple unimolecular change. 

With solutions of sodium bromoacetate, the course of the reaction is more complicated. 
If at different stages of the reaction the actual values of the velocity v’ = A[Br’]/Az are 
compared with those (v) which correspond with the concentration of the residual bromo- 
acetate, it is found that v’/v increases very considerably as the reaction proceeds (cf. 
Table I, this vol., p. 49). The reaction products are mainly sodium bromide and un- 
dissociated glycollic acid, but as a consequence of the equilibrium CH,Br-CO,’ + 
CH,(OH)-CO,H — CH,Br-CO,H + CH,(OH)-CO,’, it is evident that bromoacetic acid 
molecules and glycollate ions must be present together with bromoacetic ions and glycollic 
acid molecules. 

At the outset, the velocity is given by v = v, + v, (equation 1), but it is clear that 
reactions (III) and (IV), corresponding with vg and v,, must begin to play a part as the 
reaction proceeds. The effects corresponding with these partial reactions are, however, 
not by any means sufficient to account for the observed acceleration, and there can be 
little doubt that other reactions, in which the glycollic acid is more directly concerned, 
contribute towards the accelerating effects which correspond with the increasing values 
of v’/v. The possible reactions involving glycollic acid are those in which the reactant 
pairs are (a) bromoacetate ion and glycollate ion (V), (b) bromoacetate ion and glycollic 
acid molecule (VI), (c) bromoacetic acid molecule and glycollate ion (VII), (d) bromo- 
acetic acid molecule and glycollic acid molecule (VIII). The velocity coefficient (k = 35) 
for reaction (V) has already been determined (previous paper, p. 54), whilst reaction 
(VIII) appears to be extremely slow. Since (V) alone does not account for the observed 
effects, it would seem that (VI) and/or (VII) are partially responsible for the accelerated 
course of the reaction. The reactants in (VI) and (VII) are, however, the reciprocal pairs 
involved in the above equilibrium, and it does not seem possible to distinguish between 
these two partial reactions. Notwithstanding this limitation, the facts justify the con- 
clusion that six (possibly seven) different reactions are involved in the later stages of the 
experimentally observed change for solutions of sodium bromoacetate. 


EXPERIMENTAL. 


In general, the measurement of the initial velocity was made by the method previously 
described. For the more concentrated solutions of free bromoacetic acid, this method is, 
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however, not satisfactory on account of the rapid diminution which occurs in the early stages. 
To meet these special circumstances, the mean velocities for successive short stages were deter- 
mined. When these are plotted against the mean hydrogen bromide concentrations, a straight 
line is obtained, and by extrapolation to [HBr] = 0, a value for the initial velocity may be 
derived. The data in question for 1-0M-CH,Br-CO,H under standard conditions are : 


Mean [HBr]  ........cccccccccccvceee 0:00443 0°00920 0-0149 0°0193 0-0241 
ED vescccesdachovecnepeneriensiases 4°60 4°48 4:32 4:21 4°08 














which lead to v = 4-73 for the initial velocity. 










Summary. 


The kinetic study of the substitution of bromine by the hydroxyl group in solutions 
which contain bromoacetate ions (A’) and bromoacetic acid molecules (HA) has shown 
that four simultaneous reactions are involved. 

In each of these reactions the bromide ion is liberated in the primary stage, and the 
observed rate of this process can be represented very closely by the equation 


V = Vy + Vy + Ug + Uy = Ay[A’] + Re[A'P + Ag[HA] + A [HAILA’] 


when the very considerable disturbing effects due to the reaction products and to variations 
in the nature of the reaction medium are eliminated. 

When the composition of the reacting solution is suitably varied, any one of the four 
component reactions may be made the dominant factor in the observed rate of change. 

Under certain conditions the general velocity equation reduces to very simple forms 
which have facilitated the determination of the several velocity coefficients. 

When equivalent solutions of bromoacetic acid and of sodium bromoacetate are mixed 
in various proportions, the velocity-composition curve shows a well-defined maximum. 

The retardation effects observed with solutions of bromoacetic acid are mainly due 
to the gradual elimination of the molecule—ion reaction (v,) as the result of the formation 
of hydrobromic acid and consequent fall in the concentration of the bromoacetate ion. 

The progressive acceleration effects observed with solutions of sodium bromoacetate 
are due to the intervention of other reactions in which glycollic acid is directly or indirectly 


concerned. 
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269. The Action of Chlorine upon the Nitrophenylazoacetoacetates. 


By F. D. Cuatraway and D. R. AsHwortTu. 






TuE action of chlorine upon the nitrophenylazoacetoacetates differs considerably from the 
action of bromine upon these compounds, the position of the nitro-group in the phenyl 
residue having a more marked effect on the course of the reaction. This appears further 
to be profoundly conditioned by the nature of the solvent employed. 

Thus when dry chlorine acts upon ethyl /-nitrophenylazoacetoacetate in dry chloro- 
form, the acetyl group is replaced by chlorine with the formation of ethyl «-chloroglyoxylate- 
p-nitrophenylhydrazone (I). When, however, chlorination is effected in acetic acid in the 
presence of sodium acetate, both the acetyl group and the imino-hydrogen atom are replaced 
by chlorine, yielding ethyl «-chloroglyoxylate-N-chloro-p-nitrophenylhydrazone (II). 

This is a comparatively stable compound, and can be heated with alcohol without 
change. When treated with hydriodic acid in acetic acid solution, the chlorine atom 
attached to nitrogen is replaced by hydrogen, yielding ethyl «-chloroglyoxylate-p-nitro- 
phenylhydrazone identical with (I) above. 

Indication of the formation of N-chloro-compounds, similar to the above, was also 
obtained when ethyl 2-chloro-4-nitro-, and ethyl 2 : 6-dichloro-4-nitro-phenylazoacetoacetates, 
dissolved in acetic acid in the presence of sodium acetate, were acted upon by chlorine, 
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oily liquids being obtained which, on treatment with hydriodic acid, gave the corresponding 
«-chloroglyoxylatehydrazones. 

When chlorination of ethyl p-nitrophe ylazoacetoacetate is effected in acetic acid in 
the absence of sodium acetate, chlorine replaces the acetyl group, and enters the phenyl 
nucleus in an ortho-position, but does not replace the imino-hydrogen atom. The ethyl 
«-chloroglyoxylate-2-chloro-4-nitrophenylhydrazone (III) so formed is also obtained by the 
action of chlorine upon ethyl 2-chloro-4-nitrophenylazoacetoacetate in acetic acid solution, 


NO << _NH: N= i" CO,Et (1) 
CO. He ys 
(p)NO.*C,HyNH-N = aa al 


_HAc nieve 4 - 
bose NO <>» N=¢CO,Et at) 


4, 
CO-CH, ~ Cl Cl 


HAc | 
__—. < NHN =C-CO,Et (IIL) 
CO,Et 


Under no conditions could the action of chlorine upon ethyl p-nitrophenylazoaceto- 
acetate be so regulated as to effect substitution in the acetyl group, although the #-nitro- 
phenylazo-y-chloroacetoacetates anticipated were readily obtained by coupling the #-nitro- 
phenyldiazonium salts with ethyl y-chloroacetoacetate under normal conditions : 


R:N,Cl + CH,(CO-CH,Cl)-CO,Et —> R-NH-N:C(CO-CH,Cl)-CO,Et 


It is therefore specially noteworthy that the action of chlorine upon ethyl o-nitro- 
phenylazoacetoacetate in chloroform solution gives a quantitative yield of ethyl o-nitro- 
phenylazo-y-chloroacetoacetate (IV), chlorine substituting, and not replacing, the acetyl 
group, and not entering the phenyl nucleus under these conditions. 

Substitution in the -position in the phenyl nucleus, and replacement of the acetyl 
group as a whole, however, takes place when o-nitrophenylazoacetoacetate dissolved in 
acetic acid, in the presence of sodium acetate, is subjected to the action of chlorine, the 
imino-hydrogen not being attacked. Ethyl «-chloroglyoxylate-4-chloro-2-nitrophenylhydr- 
azone (V) so formed is also obtained by the action of chlorine upon ethyl 4-chloro-2-nitro-. 
phenylazoacetoacetate dissolved in acetic acid. 





(2)C1(4)NO,*C,H,-NH-N = 





CO-CH, NO, CO-CH,Cl 
canes 
(0)NO.°C,H,yNH-N = C CHC < Sut = boo. (IV.) 
CO,Et 
47 
SNe, 
CO-CHy Cl 


> 2 
(4)C1(2)NO,-C,HyNH-N = € _Hac. a NEN —co,Et 
CO,Et . 


The effect of the nitro-group in the ortho-position in favouring substitution in, rather 
than replacement of, the acetyl group is considerably lessened by the introduction of a 
chlorine atom in the para-position in the phenyl nucleus. This is shown by the fact that 
the action of chlorine upon o-nitrophenylazoacetoacetate in acetic acid solution results in 
the formation of a mixture of the «-chloroglyoxylate and the y-chloroacetoacetate, although 
4-chloro-2-nitrophenylazoacetoacetate on similar treatment yields only the «-chlorogly- 
oxylate. 

Similarly, on treating ethyl o-nitrophenylazoacetoacetate with chlorine in moist chloro- 
form solution, the y-chloroacetoacetate is obtained, whereas 4-chloro-2-nitrophenylazo- 
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acetoacetate, on similar treatment, yields a mixture of the y-chloroacetoacetate and the 
«-chloroglyoxylate. n: 

The action of chlorine upon ethyl m-nitrophenylazoacetoacetate, dissolved in chloro- 
form, causes the replacement of the acetyl group, ethyl «-chloroglyoxylate-m-nitrophenyl- 
hydrazone being formed. In acetic acid solution, with or without the addition of sodium 
acetate, viscous liquids were obtained from which no definite compound could be isolated. 

On treatment with alcoholic ammonia the «-chloroglyoxylates yield «-aminoglyoxylates ; 
and with alcoholic potassium acetate the y-chloroacetoacetates lose hydrogen chloride, and 
ring closure takes place with the formation of 4-hydroxypyrazoles : 


CO,Et-C-N-NHR CO,Et-C—=N 
— NR 
CO-CH,Cl HO-C:CH> 
A theoretical discussion of these reactions is scarcely justified at the present stage, 
though it may be noticed that nuclear substitution, which frequently takes place in acetic 


acid, does not take place when chloroform is the solvent, and this may be related to the 
possibility of the molecules reacting in the azo- or hydrazo-form. 





EXPERIMENTAL. 


Under the conditions previously given (Chattaway and Ashworth, this vol., p. 475) the 
following have been prepared by coupling the appropriate diazonium salt with ethyl acetoacetate. 
Ethyl 2-chloro-4-nitrophenylazoacetoacetate, yellow, long, slender prisms from alcohol, m. p. 109° 
(Found: Cl, 11-2. C,,.H,,0;N;Cl requires Cl, 11:3%). Ethyl 2: 6-dichloro-4-nitrophenylazo- 
acetoacetate, yellow, slender prisms from alcohol, m. p. 104° (Found: Cl, 20:2. C,.H,,0;N;Cl, 
requires Cl, 20-4%). Ethyl 4-chloro-2-nitrophenylazoacetoacetate, yellow, long, slender, flat- 
tened prisms from alcohol, m. p. 127° (Found: Cl, 11:5%). 

Action of Chlorine upon Ethyl p-Nitrophenylazoacetoacetate and upon Ethyl 2-Chloro-4-nitro- 
phenylazoacetoacetate in Acetic Acid.—5 G. of ethyl p-nitrophenylazoacetoacetate (or 2-chloro- 
4-nitrophenylazoacetoacetate) were suspended in 20 c.c. of acetic acid and chlorine was passed 
for 20 minutes. On addition of water to the resulting solution ethyl «-chloroglyoxylate-2-chloro- 
4-nitrophenylhydrazone separated. It crystallised from alcohol as a labile form in pale yellow, 
felted, small needles which gradually redissolved whilst yellow, fragile, rhombic leaflets of the 
stable form separated, m. p. 120° (Found: Cl, 23-4. C,)H,O,N;Cl, requires Cl, 23-2%). 

Similarly from ethyl 2 : 6-dichloro-4-nitrophenylazoacetoacetate was obtained ethyl «-chloro- 
glyoxylate-2 : 6-dichloro-4-nitrophenylhydrazone, pale yellow, long, slender, four-sided prisms from 
alcohol, m. p. 124° (Found: Cl, 31-4. Cy 9H,O,N,Cl, requires Cl, 31:3%). 

Action of Chlorine upon Ethyl p-Nitrophenylazoacetoacetate in the Presence of Crystalline 
Sodium Acetate ——5 G. of ethyl p-nitrophenylazoacetoacetate and 3 g. of crystallised sodium 
acetate were suspended in 20 c.c. of acetic acid and chlorine was passed for 20 minutes. On 
pouring into 200 c.c. of water, ethyl a-chloroglyoxylate-N-chloro-p-nitrophenylhydrazone separated 
as a viscous yellow solid. It crystallised from chloroform-light petroleum in bright yellow, 
long, slender, thin four-sided prisms, m. p. 67° [Found: Cl (added), 11-1; total Cl, 23-4. 
C,,H,O,N,Cl, requires Cl (added), 11-6; total Cl, 23-2%]. 

Action of Chlorine upon Ethyl p-Nitrophenylazoacetoacetate in Dry Chloroform, and Action of 
Aqueous Hydriodic Acid upon Ethyl a-Chloroglyoxylate-N-chloro-p-nitrophenylhydrazone.—(1) 
1 G. of ethyl p-nitrophenylazoacetoacetate was dissolved in dry chloroform, and chlorine passed 
for 10 minutes. On removal of the chloroform on a water-bath, ethyl «-chloroglyoxylate-p-nitro- 
phenylhydrazone remained. It crystallised from acetic acid as a labile form in pale yellow, hair- 
like needles which gradually redissolved whilst yellow, long, flattened prisms with domed ends 
of the stable form separated, m. p. 192° (Found: Cl, 13-3. C4 9H ,,0,N,Cl requires Cl, 13-1%). 

(2) 1 G. of ethyl «-chloroglycxylate-N-chloro-p-nitrophenylhydrazone in 10 c.c. of acetic 
acid was added to a solution of 1-5 g. of potassium iodide in 10 c.c. of water and 15 c.c. of acetic 
acid. On gentle warming, iodine was liberated and ethyl «-chloroglyoxylate-p-nitrophenyl- 
hydrazone separated as a yellow solid which on crystallising from acetic acid was identical with 
the above product. 

Action of Chlorine upon Ethyl o-Nitrophenylazoacetoacetate and Ethyl 4-Chloro-2-nitrophenyl- 
azoacetoacetate in Acetic Acid in the Presence of Sodium Acetate.—5 G. of ethyl o-nitrophenylazo- 
acetoacetate (or 4-chloro-2-nitrophenylazoacetoacetate) and 5 g. of crystallised sodium acetate 
were suspended in 20 c.c. of acetic acid and chlorine was passed for 20 minutes. On careful 











1146 The Action of Chlorine upon the Nitrophenylazoacetoacetates. 


addition of water ethyl «-chloroglyoxylate-4-chloro-2-nitrophenylhydrazone separated. It crystal- 
lised from alcohol in yellow, large, lustrous plates, m. p. 108° (Found: Cl, 23-5. C,H gO,N,Cl, 
requires Cl, 23-2%). 

Action of Chlorine upon Ethyl o-Nitrophenylazoacetoacetate in Dry Chloroform.—5 G. of ethyl 
o-nitrophenylazoacetoacetate were dissolved in 20 c.c. of dry chloroform and chlorine was passed 
for 20 minutes. On removal of the chloroform ethyl o-nitrophenylazo-y-chloroacetoacetate re- 
mained. It crystallised from alcohol in yellow, long, slender, four-sided prisms, m. p. 149° 
(Found: Cl, 11-5. C,,H,,0;N,Cl requires Cl, 11-3%). 

Similarly from ethyl 4-chloro-2-nitrophenylazoacetoacetate was obtained ethyl 4-chloro-2- 
nitrophenylazo-y-chloroacetoacetate, yellow, hair-like prisms from alcohol, m. p. 131° (Found : 
Cl, 20-6. C,,H,,0O;N,Cl, requires Cl, 20-4%). 

Action of Chlorine upon Ethyl m-Nitrophenylazoacetoacetate.—5 G. of ethyl m-nitrophenyl- 
azoacetoacetate were dissolved in 20 c.c. of chloroform and chlorine was passed for 20 minutes. 
On removal of the chloroform ethyl a-chloroglyoxylate-m-nitrophenylhydrazone remained as a 
viscous yellow solid. It crystallised from alcohol in deep yellow, compact prisms, m. p. 158° 
(Found: Cl, 13-3. C,,H,O,N,Cl requires Cl, 13-1%). 

Formation of Ethyl p-Nitrophenylazo-y-chloroacetoacetate—2 G. of p-nitroaniline (1 mol.) 
were diazotised in 15 c.c. of concentrated hydrochloric acid with 1 g. of sodium nitrite (1 mol.) 
and the filtered solution was run into a cooled, well-stirred mixture of 20 g. of sodium acetate, 
3 g. of ethyl y-chloroacetoacetate (1 mol. -++- excess), 10 c.c. of alcohol, and 20 c.c. of water. Ethyl 
p-nitrophenylazo-y-chloroacetoacetate began to separate at once. It crystallised from alcohol in 
pale yellow clusters of small needles, m. p. 135° (Found: Cl, 11-5. C,,H,,0;N,Cl requires Cl, 
11-3%). 

In a similar manner were obtained : Ethyl 2-chloro-4-nitrophenylazo-y-chloroacetoacetate from 
alcohol as a labile form in a pale yellow felt of minute needles, which gradually redissolved with 
the separation of the stable form in yellow, elongated, flattened, rectangular prisms, m. p. 
134° (Found: Cl, 20-6. C,,H,,0;N,Cl, requires Cl, 20-4%). Ethyl 2: 6-dichloro-4-nitrophenyl- 
azo-y-chloroacetoacetate from alcohol as a labile form in yellow hair-like prisms, which gradually 
redissolved with the separation of the stable form in yellow, compact, rectangular prisms, m. p. 
127° (Found: Cl, 28-0. C,,H,,0O;N;Cl, requires Cl, 27-9%). 

By the action of bromine upon the corresponding azoacetoacetates (loc. cit.) have been pre- 
pared ethyl 2-chloro-4-nitrophenylazo-yy-bromoacetoacetate, m. p. 130° (Found: Cl, 9-0; Br, 20-3. 
C,,H,,0O;N,ClBr requires Cl, 9-0; Br, 20°4%), and ethyl 2: 6-dichloro-4-nitrophenylazo-y- 
bromoacetoacetate, m. p. 112° (Found: Cl, 16-5; Br, 18-7. C,,Hy0,;N,;Cl,Br requires Cl, 16-6; 
Br, 18-7%). Both compounds form pale yellow, long, slender, flattened prisms from alcohol. 

Action of Alcoholic Potassium Acetate upon Ethyl p-Nitrophenylazo-y-chloroacetoacetate.— 
0-3 G. of potassium acetate was added to a boiling alcoholic solution of 1 g. of ethyl p-nitro- 
phenylazo-y-chloroacetoacetate. The solution darkened in colour and 4-hydroxy-3-carbethoxy- 
1-(4’-nitrophenyl)pyrazole separated as a yellow solid. It crystallised from acetic acid in 
colourless hair-like needles, m. p. 220°, identical in all respects with the compound obtained by 
the action of potassium acetate upon ethyl p-nitrophenylazo-y-bromoacetoacetate (Chattaway 
and Ashworth, Joc. cit.). 

In a similar manner were prepared 4-hydroxy-3-carbethoxy-1-(2’-chloro-4’-nitrophenyl)pyrazole, 
colourless, long, slender, four-sided prisms from alcohol, m. p. 188° (Found: Cl, 11-3. 
C,,H,,0,;N,Cl requires Cl, 11-35%), and 4-hydroxy-3-carbethoxy-1-(2’ : 6’-dichloro-4’-nitrophenyl)- 
pyrazole, colourless, compact, rectangular prisms from alcohol, m. p. 197° (Found: Cl, 20:3. 
C,,H,O,N,Cl, requires Cl, 20-5%). 

Ethyl «a-Aminoglyoxylate-p-nitrophenylhydrazone.—This was obtained by stirring ethyl 
a-chloroglyoxylate-p-nitrophenylhydrazone into a saturated solution of alcoholic ammonia. 
It crystallised from aqueous alcohol in yellow, long, slender prisms, m. p. 181°, identical in all 
respects with the product obtained by similar treatment of ethyl «-bromoglyoxylate-p-nitro- 
phenylhydrazone (/oc. cit.). Similarly were obtained: ethyl «-aminoglyoxylate-2 : 6-dichloro-4- 
niltrophenylhydrazone, yellow, long, hair-like prisms from alcohol, m. p. 182° (Found: Cl, 22:3. 
Cy9H ygO,N,Cl, requires Cl, 22-1%); ethyl a-aminoglyoxylate-4-chloro-2-nitrophenylhydrazone, red 
rhombic plates from alcohol, m. p. 141° (Found : Cl, 12-2. C4 9H,,O,N,Cl requires Cl, 12-4%), 
and ethyl a-aminoglyoxylate-m-nitrophenylhydrazone, yellow, slender, flattened prisms from 
alcohol, m. p. 158° (Found: N, 22-2. C,).H,,0O,N, requires N, 22-2%). 


THE QUEEN’s CoLLEGE LABORATORY, OXFORD. (Received, March 29th, 1933.] 
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270. The Homogeneous Catalysis of Gaseous Reactions. The Influence 
of Iodine on the Decomposition of Acids, Esters, Ketones, and Halides. 


By S. Barrstow and C. N. HINSHELWooD. 


THE decomposition of ethers and of acetaldehyde is catalysed by iodine in an extremely 
marked degree (Glass and Hinshelwood, J., 1929, 1815; Clusius and Hinshelwood, Proc. 
Roy. Soc., 1930, A, 128, 82; Clusius, J., 1930, 2607). The chemical changes can be formul- 
ated as the simple movement of a hydrogen atom : 





| 
Ma, —> CH, + CO, 
O 


CHyCH,-OCH-CH, —> C,H, + CH,CHO —> CH, + CO 


ts 
The investigation has been continued with the object of finding out which classes of com- 
pound are subject to this catalytic influence. The present experiments deal with acids, 
esters, ketones, and halides. 
Acids and esters were chosen first because they contain atomic groupings similar to 
those of aldehydes and ethers; ¢.g., formic acid contains an aldehyde group and might 
be catalysed to carbon monoxide and water : 





| 
H-¢-OH —> CO +H,0. 
O 


Methyl formate contains both an aldehyde group and an ether linkage : thus three methods 
of catalytic decomposition are conceivable : 


“ Ether” type: y H 
(1) CH,-0-C=0 —> CH, + CO, 
| 
(2) HcH,-ot<H —> 2H-CHO —> 2H, + 2CO 


“ Aldehyde” type: 
O 


Acetic acid contains a carbonyl group but no aldehydic hydrogen. Methyl acetate, on 
the other hand, can be represented as an ether, which the iodine might cause to decompose 
in the following way. 


| 
H-cH,-0-¥-CH, —> H-CHO + CH,°CHO 
O Y v 
H,+CO CH,+CO 
Acetone and methyl ethyl ketone were examined as examples of simple carbonyl compounds, 
for comparison with the esters and aldehydes. 
Formic Acid and Methyl Formate.—At 448°, iodine has no influence on the rate of 

decomposition of formic acid, as the following table shows : 





Time. 
Fraction of — _ ——__ 
formic acid Acid+10 mm. Acid +40 mm. 
decomposed. Acid alone. catalyst. catalyst. 
0-1 2°20" 2’ 14” 1’ 54” 2’ 18” 
0-2 5’ , ad 5’ 24” 4’ 53” 5’ 4” 
0°3 9° 8” 9 46” 9’ 6” 9’ 12” 
0°4 14’ 36” 15’ 34” 15’ 13” 15’ 0” 
0°5 23’ 20” 23’ 42” — 
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(The formic acid was treated repeatedly with anhydrous copper sulphate and then 
distilled. Analysis showed it to contain 4-6% of water.) The decomposition of the formic 
acid is largely, though possibly not entirely, heterogeneous at this temperature. In a 
vessel packed with silica spheres the rate was about seven times as great as in the un- 
packed vessel: an appreciably greater acceleration would have been expected if the 
reaction were entirely heterogeneous. But since surfaces vary not only quantitatively 
but also qualitatively, the result is inconclusive. The influence of iodine on the reaction 
in the packed bulb was negligible. 

Formic acid decomposes to give either hydrogen and carbon dioxide or water and carbon 
monoxide. It might therefore be expected that methyl formate would undergo the 
analogous changes : 

) » CH, + CO, 
H-CO,°CH; <_ 
) » CH,-OH + CO 
It has been stated that formaldehyde can be formed at high temperatures but no trace 
has been found in any of our experiments. 

The two processes (a) and (b) are both catalysed by iodine, which also influences the 
further decomposition of the methyl alcohol formed in (0). 

The methyl formate used was dried and fractionated; b. p. 31-5—32-0°. 

The following table indicates the extent to which the initial rate of decomposition is 
increased by iodine. The catalyst concentration is given as mm. of decomposed iso- 
propyl iodide, the actual pressure of iodine being approximately one-third of this. 


Temperature, 451°; initial pressure of formate = 100 mm. 


EE, DINE... cscisencirtcsnnarncianircroscesvsiniee 6 1] 21°5 33°5 46°5 
Ratio of rates (with I,)/(without I,)  ......... 20 25 38 48 54 


Kinetically the reaction is by no means simple. There is a clear indication that the decom- 
position occurs in consecutive stages. Furthermore, the total increase of pressure at the 
end of the change varies with the amount of catalyst present. The following figures are 
typical of the numerous experiments made. 


Temperature, 451°; initial pressure of formate, 114 mm.; catalyst, 8 mm. 


, 


Change in Change in Change in Change in 
Time. press., mm. Time. press., mm. Time. press., mm. Time. press., mm. 
0’ 0” 0 1)’ 15” 60 47’ 38” 121 374’ 0” 146°5 
1 10 10 18 3l 80 66 O 131 570 0 146°5 
2 39 20 28 29 100 129 O 142 — _— 
6 19 40 40 23 115 264 O 145°5 — — 


The first stage of the decomposition gives an increase in pressure roughly equal to the 
original pressure of the formate: the second stage is much slower and continues until 


the total increase is about 4/3 times the initial pressure. 
Analyses of the non-condensable reaction products were made at various stages towards 


the end of the reaction. The results were as follows : * 


Percentage after various times. Percentage after various times. 

1} hrs. 3} hrs. 6} hrs. 1} hrs. 3} hrs. 6} hrs. 
co, 20°3 15-4 13°7 CH, 27°8 29°3 29°8 
co 47°5 47°6 48°3 H, 4°4 77 8-2 





* The figures given are corrected for the presence of decomposition products of the catalyst itself. 
In the preparation of samples for analysis, small quantities only of the catalyst were used, in order that 
the correction should be small. It was applied in the following way. In a typical analysis, the volume 
of gas remaining for combustion after removal of carbon monoxide and dioxide and unsaturated 
compounds was 155. Combustion gave: contraction 292, carbon dioxide formed 128, oxygen used 265. 
isoPropyl iodide decomposes according to the equation 2C,H,I = C,H, + C,H, + I,. In the earlier 
stage of the analysis a volume 4 of unsaturated compounds had been found. This was all attributed 
to the propylene from the catalyst. Thus there would be 4 of propane in the saturated hydrocarbons 
burnt at the end; 4 of propane would give 12 of carbon dioxide, a contraction of 12, and an oxygen 
consumption of 20. Subtracting these from the corresponding figures given above, we obtain: gas 
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The high proportion of carbon monoxide in these analyses indicates that (b) is the 
principal mode of decomposition. Other significant facts are the lack of correspondence, 
in the later stages, between the amounts of methane and carbon dioxide, the decreasing 
proportion of carbon dioxide as time goes on, and the increasing amount of hydrogen. 
Much more methane is produced than can be accounted for by the reaction HCO,CH; = 
CO, + CHy. It is derived from the catalytic decomposition of the methyl alcohol formed 
in reaction (b). Further light is thrown on the matter at this point by an investigation 
of the uncatalysed reaction of the formate. 

In the latter the intermediate formation of methyl alcohol can be clearly demonstrated. 
At 550° the two stages of the reaction are rather sharply separated as shown in the fig. : 
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a rapid increase in pressure to about double the initial value is followed by a very much 
slower increase due to the further decomposition of the intermediate product. Analysis 
of samples withdrawn as nearly as could be judged at the end of the initial rapid reaction 
showed the non-condensable product to consist principally of carbon monoxide, two 
examples of the percentages found being 71-6°% and 78-5% respectively. 

Since H-CO,CH, — CO = CH,°OH, it appears very probable that methyl alcohol is 
the other substance formed, and that reaction (b) is the predominant mode of decomposition. 
No formaldehyde could be detected by Schryver’s test. The presence of methyl alcohol 
was proved by a quantitative comparison of the second part of curve A with the 
corresponding curve for the decomposition of pure methyl alcohol. The almost exact 
coincidence of B with the second part of A leaves no doubt about the identification. 

Analysis of the products formed in the later stages of the decomposition in the absence 
of iodine shows a large increase in the proportion of hydrogen, as would be expected if 
the methyl alcohol decomposes according to the equation CH,,OH = CO + 2H,. Thus 
at 552°, without iodine, the percentage of hydrogen in the non-condensable products 
formed after 3 hours was 21-0, that of carbon monoxide being 58-0, while after 6 hours 
the corresponding values were 30-8 and 54-0 respectively. 

That methyl alcohol alone under similar conditions at 552° gives only carbon monoxide 
and hydrogen was confirmed by direct experiment, two samples yielding the results : 
CO, 32-8, 34-6; H,, 67-2, 65-4% respectively. 





volume 151, contraction 280, carbon dioxide 116, oxygen used 245. The presence of ethane is very 
improbable. Thus we infer CH, = 116, H, = 2/3. (280 — 232) = 32. On this basis the calculated 
gas volume is 148 compared with the actual 151, while the calculated oxygen consumption is 248 
compared with the 245 measured. 
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Since the uncatalysed decomposition of methyl alcohol gives carbon monoxide and 
hydrogen only, and since the catalytic decomposition of the formate gives a large propor- 
tion of methane which cannot be accounted for by reaction (a), it follows that if equations 
(a) and (b) are correct, then methyl alcohol in presence of iodine must give a large pro- 
portion of methane and comparatively little hydrogen. This anticipation was confirmed 
by direct experiment at 451°, where, in presence of an amount of iodine corresponding to 
that used for the catalysis of the formate, methyl alcohol gave the following products : 
CO,, nil; CO, 38-3; CH,, 53-3; H,, 85%. The absence of carbon dioxide shows that 
the formate produces it by reaction (a) rather than via the methyl alcohol. It seems 
clear that the methane must be produced from the methyl alcohol as follows : 


CH,OH=9H,+CO .......... @ 
2H, + 21, == 4HI 
2CH,OH ++ 4HI = 2H,O + 2CH, + 21, 


The net result of these changes is a catalytic decomposition of the methyl alcohol according 


to the equation 
3CH,°OH = 2CH,+2H,O+CO ... . . (2) 


with regeneration of the original iodine. Since some hydrogen appears in the final pro- 
ducts, (1) and (2) can be regarded as alternative reactions. 

We are now in a position to interpret the results obtained with the formate, and to 
calculate the proportion in which the alternative reactions take place. 

Consider first the virtually simultaneous reactions : 


Se 
CH,-OH ~ , 
1/3.(2CH,+2H,O+CO). . . . . (2) 
Number of CH,-OH molecules yielding (1)___ Hy 85 _ 0-0532, from the 





” ” (2)” 3CH, 3 x 533 
analysis given above. Thus at 451°, ‘under the conditions of the experiments, 5-05°%, 
reacts according to (1) and 94-95% according to (2). These figures will be taken as 5%, 
and 95%, respectively, for general purposes, though in the rest of this calculation the 
unrounded numbers are used. 

Now 100 mm. of methyl alcohol would give (0-0505 x 300) + (0-95 x 166-7) = 173-4 
mm. of products. These consist of carbon monoxide, methane, hydrogen, and water, 
the first three being in the ratio 38-3 : 53-3: 8-5. Water equal in volume to the methane 
had condensed out before the analysis was made. Thus, to obtain the amounts 
of the various gases present in the reaction bulb, we must divide 173-4 in the 
ratio 383 : 53-3 : 8-5: 53-3. This gives CO, 43-3; CH,, 60-2; H,, 9-6; H,O, 60-2. In 
so far as methyl formate only decomposed into carbon monoxide and the products of the 
further decomposition of the methyl alcohol, 100 mm. would give (100 + 43-3) mm. of 
carbon monoxide. Ifthe formate decomposed entirely by reaction (a), no carbon monoxide, 
but only 100 mm. of carbon dioxide would be produced. Thus the relative numbers of 
molecules reacting according to equations (a) and (b) are CO,/(100/143-3 CO). In the 
analysis of the final products obtained after 64 hours at 451° in presence of iodine, the 
percentages of carbon dioxide and carbon monoxide were 13-7 and 48-3 respectively. Thus 
we have : 

[Number of molecules reacting according to (a)] : [number reacting according to (b)] = 
13-7 : 48-3 x 100/143-3. From this it follows that 29% of the formate gives carbon 
dioxide and methane, while 71% gives carbon monoxide and methyl] alcohol. 

For the total decomposition of 100 mm. of the formate we have therefore 


29CO, + 29CH, 


* Sx (0-71(143-3CO ++ 60-2CH, + 9-6H, + 60-2H,0) 
i.¢., 102CO + 42-7CH, -+ 68H, -+ 42-7H,0 


100H-CO,CH 
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Thus the 100 mm. give a total pressure of 252 mm., 7.e., an increase of 1-52 times the 
initial pressure. The increase actually found when the decomposition had entirely ceased 
was 367 for an initial pressure of 252 mm., 7.e., 1-46 times. 

Omitting the water, the composition of the non-condensable products can now be 
calculated and compared with those actually formed, the latter being in parentheses : 
COx,, 13-8 (13-7); CO, 48-7 (48-3); CH,, 34-3 (29-8); H,, 3-2 (8-2)%. In the actual experi- 
ment the reduction of the methyl alcohol does not appear to have proceeded quite as far 
as would be anticipated from its behaviour alone. In other respects, all the facts seem 
to be adequately accounted for by the mechanism proposed. 

The kinetics of the decomposition are naturally rather complex. With ethers and with 
acetaldehyde the catalytic reaction takes place at a rate directly proportional to the iodine 
concentration, and, for a given iodine concentration, the whole change is of the first order. 
The situation with methyl formate is complicated by the separation of the reaction into 
two stages, of which the second is the slower, and still more by the action of the hydrogen 
in converting some of the iodine into hydrogen iodide. The amount of iodine available 
for catalysing the primary decomposition is thereby lessened, but, on the other hand, 
the hydrogen iodide itself reacts with methyl alcohol, and so accelerates the second stage. 
For a given iodine pressure, the greater the concentration of the formate the larger will 
be the amount of hydrogen present at a given moment : thus the greater will be the amount 
of iodine removed. Hence the time required to reach a given stage of the reaction should 
increase as the initial pressure of the formate becomes greater. This expectation is ful- 
filled, as the following figures show: # is the initial pressure of the formate, and 4 is the 
time required for one-third of the total pressure change to take place. The pressure of 
catalyst is 20 mm., and the temperature 451°. 


p, mm. 51 113 156 228 301°5 
ty, Secs. 202 249 302 360 400 


In these figures the fact that the “‘ end point ” of the reaction varies somewhat with the 
initial concentration is allowed for. 

The reaction between methyl alcohol and hydrogen iodide, which is an important 
step in the catalysis of the second stage of the decomposition, will presumably take place 
at a rate proportional to the hydrogen iodide concentration. If equilibrium in the system 
H, + I, == 2HI were maintained, [HI] would be proportional to the square root of the 
iodine concentration. In so far, therefore, as the contribution of this reaction to the 
total change is important, it will reduce the proportionality between rate and catalyst 
concentration to a power less than unity. This also is confirmed by experiment : c was 
the concentration of catalyst, and the initial pressure of formate was approximately 100 
mm., the temperature being 451°. 


c, mm. 1l 16°5 21°5 33°5 46°5 
ty, Secs. 390 292 262 204 180 


It was not considered profitable to attempt a more detailed analysis of the rather involved 
kinetic relationships thus revealed. All the observations are, however, qualitatively in 
agreement with theoretical expectations. 

The uncatalysed decomposition of the formate is predominantly heterogeneous; but 
the reaction catalysed by iodine is mainly, if not entirely homogeneous. The rate of 
reaction of the formate was very much greater in a packed bulb, but on addition of iodine 
the rates in the packed and in the unpacked bulb approached one another closely. 


CEM. GE COUNIIUE viiininciccinsivasaccaisnceccesen 0 10 23 41 
Ratio of rates (Packed bulb) /(Unpacked bulb) 67 3°8 3°3 2°4 


Methyl Alcohol_—Experiments were made on the catalysed decomposition of methyl 
alcohol itself. The mechanism of this reaction has already been explained. At 451° 
the ratio of the rate of decomposition with 14 mm. of catalyst to that with none was 6-4. 
For each molecule of methyl alcohol decomposing according to the equation CH,-OH = 
CO + 2H,, it is possible to have 4HI formed as a maximum. If these reacted immedi- 
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ately with two more molecules of methyl alcohol to give methane, with regeneration of 
iodine, the net result would be that the primary reaction rate would be multiplied by three. 
Thus on purely chemical grounds we can explain away a three-fold increase in rate, and 
this would only leave a factor of two for the influence of the iodine on the primary reaction. 
The methane formation is by no means complete, however, so that the factor must lie 
somewhere between two and six. It is, in any case, not very large. 
The proportion of methane to hydrogen diminishes as the temperature increases : 

Temp. 450°. 550°. 650°. 

Co, % 38°3 37°0 33°5 

CH,, % 53°3 37:0 13-2 

H,, % 8°5 26°0 53°3 


2 /0 


The initial rate of reaction is proportional to the iodine concentration, but the curves 
showing amount of decomposition against time show marked changes in direction near 
the beginning, due to the removal of catalyst by reaction with hydrogen. Unlike the 
catalysed reaction of the formate, that of the methyl alcohol appeared to be influenced 
to a great extent by the surface. 

In general, the methyl alcohol decomposition is influenced by iodine to a much smaller 
extent than, and in a quite different way from, that of the ethers, aldehydes, and esters. 

Acetic Acid and Methyl Acetate.—The acetic acid was purified by freezing and remelting 
fractions five times. At 550° its initial rate of decomposition is not appreciably influenced 
by iodine, but the later stages are affected : 

Fraction decomposed j 0-2 0°3 0-4 0-5 0°6 

Time with I, secs. ............ 50 81 128 183 267 

Time without I,, secs. ......... 51 96 159 308 900 

It seems reasonable to assume that the iodine does not catalyse the reaction in which 
we are interested, viz., the primary decomposition of the acetic acid. 

In a packed bulb the behaviour is complicated by condensation reactions, but the 
results show that the decomposition is by no means entirely heterogeneous. 

Experiments were next made with a carefully dried and fractionated specimen of 
methyl acetate. If this ester decomposed in a manner similar to formic acid, it would 
yield the following products: 


CHO wk ee le 
cu,cogu, 7 *°" 
%CO+CH;OCH; . .... . (2) 


the ether decomposing further into methane, hydrogen, and carbon monoxide. Methyl 
acetate, however, contains the grouping C—O—C, and might decompose like an ether, 
giving acetaldehyde and formaldehyde : 


Q 
CH,-C-O-CH,H —> CH,CHO+ HCHO... . . (3) 
Y Y 

CH,+CO, H,+CO 


This last mode of reaction has been found to predominate in the gaseous decomposition 
at about 500°. It is mainly homogeneous, and is strongly catalysed by iodine. 


Temperature, 480°; initial pressure of ester, 130 mm. 
Catalyst, mm. 5°5 42 
(Rate with catalyst) /(rate without catalyst) 45 69 
Temperature, 500°; initial pressure of acetate, 130 mm. 
Fraction decomposed P 0°3 0-4 
Time in packed bulb ; 17’ 30” 26’ 10” 
Time in unpacked bulb 18’ 10” 24’ 30” 
The influence of iodine in the packed bulb is the same as in the unpacked. 
Analysis of the gaseous decomposition products showed the presence of 2% of carbon 
dioxide. This was assumed to come from reaction (1), and therefore to be accompanied by 
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an equal volume of ethane. The figures for methane and hydrogen given below have been 
corrected on the assumption that this ethane was really present, and give the relative 
proportions of the gases other than carbon dioxide and ethane. 


Products of decomposition without iodine at 500°. 


(1.) (2.) (2) uncorr. for assumed C,H,. 
co, % 52-7 53-2 51:3 
CH,, % 29°7 28°6 33°6 
Hy, % 17°6 18-2 15:1 


Products of decomposition in presence of iodine. 
CO, 54:7; CH,, 33°2; H,, 12°1%. 


The latter figures are corrected for the presence of the small amounts of hydrocarbon 
derived from the catalyst itself. 

Reactions (2) and (3) would both lead ultimately to the production of carbon monoxide, 
methane, and hydrogen in the proportions 2CO:CH,:H,. The dimethyl ether formed in 
(2) gives formaldehyde as an intermediate product of its own decomposition. Thus, to 
establish mechanism (3) it is necessary to prove the intermediate formation of an aldehyde 
other than formaldehyde. It was possible to do this as follows. Gas samples were with- 
drawn from the reaction vessel about half-way through the decomposition, and dissolved 
in water. The solution gave a dense silver mirror with ammoniacal silver nitrate, but 
no trace of formaldehyde could be detected by Schryver’s test. Blank tests showed that 
acetaldehyde neither gives this test itself nor interferes with the detection of formaldehyde. 
Mechanism (3) seems therefore to be the predominant one,* but the formaldehyde is de- 
composed or otherwise removed as fast as it is formed, none being detectable either at 
550° or at 516°. In presence of iodine the amount of acetaldehyde accumulating is only — 
enough to give a faint silver mirror: this is in accordance with the known marked catalysis — 
by iodine of the acetaldehyde decomposition. 

The total increase of pressure should be three times the initial pressure of the methyl 
acetate. In practice it varied from 1-93 to 2-03 times. Moreover, it will be noticed that 
the amount of hydrogen is too small, and that the ratio of carbon monoxide to methane 
is less than 2: 1, as equation (3) would suggest. These discrepancies can be accounted for 
by assuming that some of the formaldehyde condenses with methyl acetate, and that 
the condensation product is reduced by the hydrogen of a second molecule of formaldehyde. 
If this type of condensation is assumed to occur to the extent necessary to account for the 
difference between the observed and the theoretical ratio CO/CH,, then it can easily be 
calculated that the pressure increase during the whole reaction will correspond approxim- 
ately to that actually observed. 

The kinetics of the reaction are hardly suitable for elaborate investigation, since the 
hydrogen formed removes some of the catalyst, and the amount removed at any stage is 
a function of the velocity and equilibrium in the system H, + I, == 2HI. In presence 
of iodine, the accumulation of the intermediate products seems to be very small. Thus 
the rate of reaction is that of the initial decomposition of the ester, and is fairly accurately 
indicated by the rate of pressure change. At 523° the change, for a given catalyst con- 
centration, is more nearly of the first than of any other order, but the values of & fall con- 
siderably as the reaction proceeds. At lower temperatures the fall is still more marked. 


Temperature 523°. 


Fraction decomposed ............ 0-083 «407165 =0°248 8 0°331 0-414 0496 0°579 

BX  ccrccscscesreccsccccsscncncess 190 184 178 173 167 160 156 
Temperature 442°. 

Fraction decomposed............++ 0038 0153 0227 0303) 0379 0455 0°530 

RKP ca csescccsaseccccsssceseses 333 270 238 222 209 199 195 


The fall can be explained by the progressive removal of iodine by the hydrogen. 


* It can also be shown that methyl ether, if formed, would not decompose fast enough to account 
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If the initial pressure of the acetate is increased, the absolute amount of hydrogen 
corresponding to a given fraction decomposed is greater, and thus a more serious removal 
of catalyst occurs. This means that for a given catalyst concentration the time required 
to reach a given stage of the decomposition will be greater the greater the initial pressure 


of acetate. 
Temperature, 480°; catalyst, 20 mm. 


Initial press. of acetate, MM. ...........0eeeeeeeee 48 130°5 270 

Time for 25% change, Secs. .........seeeseeeeeeeees 140 228 220 
The disturbing influence of the hydrogen can be allowed for approximately as follows. 
From curves we can read off the times required for given absolute increases in pressure. 
Over these intervals, the hydrogen concentration, and therefore the catalyst concentration, 
can be regarded as the same for all initial pressures of acetate. Therefore, if the reaction 
is of the first order with respect to the acetate, [1/(a — x)].Ap/At should be independent 
of the initial pressure. For example, the time required for the pressure increase to change 
from 10 to 20 mm. was 67 seconds at 480°, the initial pressure of acetate being 48 mm. 
The total pressure increase at the end of the reaction was 92-6 mm. Therefore the average 
amount of acetate present during the interval was proportional to 48(92-6 — 15)/92-6 = 
(a — x) = 40. When the initial pressure was 130-5, the time for the increase to change 
from 10 to 20 mm. was 21 seconds, and the end-point was 252. Thus (a — x) is 130-5(252 — 
15) /252 = 123. The product of the two times and their respective (a — x) values should 
be independent of the initial pressure. The extent to which this is fulfilled is shown below : 


Initial (a—x) x (a—x) x (a—x) x 

press., mm. (a—x). Abyo-oo-  Ablyo-oo- (@—%). Aleg-go-  Aleg-gso- (@—%). Abso-gs- Also-35- 
48 40 67 268 35:1 85 298 31°7 52 165 
130-5 123 21 259 118 24 283 114 13 148 
270 263 12 316 257 12°5 321 253 6°5 164 
Mean 281 Mean 301 2 x Mean 318 


For each range, Ap being constant, (a — x)AZ is seen to be roughly constant. As we pass 
from the earlier to the later stages of the reaction, the mean value of (a — x)Aé for a given 
Ap increases, corresponding to the fall in rate as the catalyst is removed. 

The Ethyl Halides—The decomposition of the halides themselves is homogeneous. 
Iodine has no appreciable catalytic influence on the rate of the primary decomposition, 
though it alters the total pressure increase slightly. 

Acetone and Methyl Ethyl Ketone.—Here also the results were negative, except for some 
disturbance of the later stages of the acetone reaction. 


SUMMARY. 

Iodine has a very pronounced catalytic influence on the homogeneous decomposition 
of methyl formate and methyl acetate in the gaseous state. The reactions are analogous 
to those of ethers and aldehydes. The decomposition of the corresponding acids is not 
catalysed. 

The mode of decomposition of methyl formate in presence of iodine at 451° is as follows : 

99°o" CH, + CO, 
H-CO-OCH,<—” 


*” CO + CH,‘OH 


» 2H, + CO 


w 


Ww 


v 


“6” 4(2CH, + 2H,O + CO) 

The predominant reaction is analogous to the catalytic decomposition of acetaldehyde, 
while the subsidiary reaction can be interpreted by regarding the methyl formate as an 
ether. 

With methyl acetate the primary decomposition is of the ether type : 

CH,*CO-OCH, = CH,-CHO + H-CHO —+> condensation 


4 


CH,+CO H,+ CO 
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There is no marked catalysis by iodine of the decomposition of the ethyl halides, or of the 
ketones. 

Methyl alcohol normally decomposes according to the equation CH,-OH = 2H, + CO, 
but in the presence of iodine the following reactions occur: (1) CH,~OH = 2H, + CO; 
(2) H,+1,=—2HI; (3) CH,OH + 2HI = CH,+ H,O+1,. Acceleration of the 
primary reaction does not exceed a factor of about three. 

The kinetics of the various catalytic reactions are obviously rather complicated, but 
are found to resemble in a general way those of the simpler ether and aldehyde decom- 
positions. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND 
TRINITY COLLEGE, OXFORD. [Received, June 13th, 1933). 





271. The Homogeneous Catalysis of Gaseous Reactions. The Influence 
of Iodine on the Decomposition of Simple Aliphatic Amines and 


of Hexane. 
By S. Bartrstow and C. N. HINSHELWOOD. 


SINCE the decomposition of compounds containing the group C—O-C is very effectively 
catalysed by iodine, while various other types of reaction are almost uninfluenced, it seemed 
of interest to investigate the behaviour of compounds containing the atoms C-NH-C, 
which may be regarded in some respects as the analogues of the ethers. 

If it behaves like diethyl ether, diethylamine will give the following reactions : 


CH,°CH,"NH-CH:CH; —> C,H, + CH,;*;CH—NH —> C,H, + CH, + HCN 
> 
The intermediate aldimine has never been prepared, so it must be very unstable or reactive. 
Consequently its removal, in the above reaction, by some condensation is just as likely as 
its clean decomposition. 

Among the ethers, methyl ether is anomalous in that it is not catalysed. Dimethyl- 
amine was therefore examined with the object of finding out whether this “ methyl ether 
effect ’’ is general. 

All the catalytic decompositions described in the preceding paper can be formulated 
as the movement of a hydrogen atom. In the secondary amines there are two types of 
hydrogen atom. To ascertain how far the hydrogen of the imino-group is important, 
experiments were also made with tertiary amines. 

Ethylamine, from the present point of view the analogue of an alcohol, should not 
be catalysed. 

Hexane provides an example of a compound which completes a series: C-O-C, 
C-NH-C, C-CH,-C. 

Diethylamine.—Two pure specimens cf this substance were used and gave identical 
results. Both were dried over solid potassium hydroxide and distilled over a range of 
0-3°. The increase in decomposition rate caused by various amounts of iodine is shown 
in the following table. 


Temperature, 452°; initial pressure of amine, 100 mm. 


Catalyst, as mm. of decomp. 
isopropyl iodide ............+.++6. 0°044 O-113 0°227 0°328 0593 1:17 25 80 115 17:0 
(Rate with I,)/(rate without I,) 5°3 79 8°6 11°5 178 266 403 83 96 105 


The relation between rate and catalyst concentration is of some interest, but discussion of 
it is deferred to a later section where the results for all the amines can be considered 
together. Experiments with a packed bulb showed the catalysis to be homogeneous. 
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The relation between the pressure increase and the time is not expressed by a simple 
equation of the first or of the second order, but is characteristic of a unimolecular reaction 
followed by other reactions. In the following table ¢,,4, ¢,,2, etc., are the times, expressed 
relative to ¢,,9, for the corresponding fractions of the total pressure change, at 452°. 


Catalyst, mm. tia 1s 

0 0-41 

0°227 0°39 

0328 0°395 

117 0-41 
For a unimolecular reaction the ratios would be 0-41, 1-00, and 1-585. The more the 
primary reaction is accelerated by the catalyst, the more nearly unimolecular the earlier 
stages of the whole change become, and the more evident the relative prolonging of the 
later stages which are less influenced by the iodine. 

If the diethylamine reacted quantitatively according to the equation C,H,;*-NH-°C,H,; = 
C,H, + CH, + HCN, the increase of pressure would be 200% of the initial value. Actually 
it was 163% for the uncatalysed reaction at 459° and smaller still in the presence of iodine, 
being 148% for 1 mm. and 114% for 8 mm. of catalyst. One of the most obvious explan- 
ations of the deficit is condensation of the aldimine, which, as shown above, is a possible 
intermediate product. This is consistent with the observation that, although hydrogen 
cyanide is present, analysis of the products shows that there is much less than the amount 
required by the simple equation.* Moreover, the yield of hydrogen cyanide decreases 
with increasing concentration of catalyst, z.e., with diminishing total pressure change. In 
order to estimate the hydrogen cyanide, a measured fraction of the gaseous reaction products 
was withdrawn into an evacuated gas pipette, dissolved in water, and treated with excess 
of standard silver nitrate. After filtration from the silver cyanide the excess silver was 
determined by the Volhard method. Knowing the volume and temperature of the reaction 
bulb, the pressure of gaseous hydrogen cyanide originally present could be calculated. 
At temperatures between 450° and 500°, from 15 to 30% of the theoretical amount could 
be detected for the uncatalysed reaction. In the presence of the catalyst, the amount fell 
to 5 or 10%. (The latter results are not influenced by any iodine withdrawn with the 
sample.) If the hypothetical aldimine disappeared as such, e.g., by polymerisation, there 
would be a deficit of methane corresponding to that of hydrogen cyanide, and thus the 
ratio of ethane to methane in the products would always be greater than unity. Analysis 
shows, however, that the methane deficit is by no means as great as required. In the 
uncatalysed reaction the methane exceeds the ethane; e.g., at 504° in the absence of iodine 
the ratio CH,: C,H, = 1: 0-75, though in the presence of 1 mm. of catalyst the ratio is 
1: 1-3. These results are most easily interpreted by assuming that some process yielding 
methane compensates for that lost with the hydrogen cyanide. Any general disruption 
of the molecule would be likely to give a large proportion of methane, thermodynamically 
the stablest of the hydrocarbons. The existence of complex side reactions can be seen 
from the presence of considerable amounts of tarry deposit in the reaction vessel. Never- 
theless, the formation of hydrogen cyanide, ethane, and methane, on the one hand, and the 
absence of any considerable amounts of olefins on the other hand, show that the reactions 
anticipated do in fact occur. The following are typical analyses of the products of the 
catalysed reaction at 504°. The gases were first washed with potassium hydroxide and 
with sulphuric acid to remove hydrogen cyanide and any traces of unchanged base. 

Catalysed. Uncatalysed. Catalysed. Uncatalysed. 


73 6°8 5-2 CH,, % 37°7 38-4 50°8 
6-3 5-9 6-2 C,H, % 48:7 48°9 37°8 


The above analyses were made in a Bone and Wheeler apparatus. The total unsaturated 
hydrocarbons are recorded as ethylene. The hydrogen was determined by fractional 
combustion with copper oxide at 275°. 

* Direct experiments showed that hydrogen cyanide was stable in presence of iodine at this 


temperature. 
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The formation of hydrogen can be simply explained as an alternative decomposition 
of the aldimine, and the results can now be summarised in the following way : 
7H, + CHg°CN 
7C,H, + CH,°CH:‘NH>CH, + HCN 
5\C,H, + C,H,-NH, “Condensation and polymerisation. 


CH,, tar, etc. 


Although these reactions are more complex than the catalytic decomposition of the ethers, 
one of the principal changes catalysed by the iodine can still be interpreted as an analogous 
movement of a hydrogen atom. This primary process gives rise to the large amounts of 
ethane actually found. The aldimine formed at the same time is so reactive that it cannot 
be expected to undergo the further clean decomposition suffered by the intermediate 
aldehydes formed from the ethers. 

Dimethylamine——The behaviour of dimethylamine is qualitatively similar to that of 
diethylamine in that the rate of the catalysed reaction is not linearly proportional to the 
iodine concentration but tends to a limiting value. 


C,H,‘NH-C,H 


Temperature, 487°; initial pressure of amine, 100 mm. 
Cattnliyat, Git. ...cccccocccscsccccsscccopecesssessoess 0°5 5:0 
(Rate with I,)/(rate without I,) ............... 6°9 11°6 
In connexion with the possible analogy to dimethyl ether, it is important to note that, 
although iodine catalyses the reaction, the increase in rate is almost a power of ten smaller 
than with diethylamine. 

Hydrogen cyanide was again found in the reaction products, but the simple equation 
CH,*NH-CH, = CH, + H,-+ HCN can only be applied with reservations, as with 
diethylamine. 

Triethylamine.—The base was dried over potassium hydroxide and twice distilled, 
being collected finally over a range of 0-2°. 

The decomposition is rather strongly catalysed, and, moreover, the rate is approximately 
proportional to the concentration of iodine. 


Temperature, 409°; initial pressure of amine, 100 mm. 


Catalyat, MM. ...cccccecsscsecesscccseoveses 3°0 3°5 6°5 9-0 11°5 14°5 
Catalysed/uncatalysed rate ............ 37 42 81 124 145 196 
Rate/catalyst concn. X 10............... 123 120 124 137 126 135 


The course of the reaction is not represented by a simple equation for a change of the first 
or second order : it is illustrated by the following figures (relative to ¢,)), characteristic of 
a composite reaction. 


bya hye fa/g- byja. 
Uncatalysed —......seceeeeeenseees 0°37 1-00 1:70 2°18 
11°5 Mm, of catalyst ............ 0°37 1-00 2°06 3°16 


The catalytic reaction is homogeneous. In the sphere-packed bulb the rate was in fact 
slightly slower, but this can be fully accounted for by the different proportion of con- 
densation reactions. Actual average values were: unpacked bulb, ¢,,. = 146 secs.; 
packed bulb, ¢, 5 = 186 secs. 

The above results prove that the catalysis of the amines is not dependent on the amino- 
hydrogen. This being so, there is little reason to doubt that the chemical reactions occur- 
ring in the decomposition of triethylamine and diethylamine are similar. Detailed analyses 
were, therefore, not made. 

Trimethylamine.—The decomposition is catalysed, but the ‘‘ methyl ether” effect is 
again in evidence, to the extent that the maximum increase in rate is only about one-tenth 
of that observed with triethylamine. The rate appears to approach a limiting value as 
the iodine concentration increases. 


Temperature, 443°; initial pressure of amine, 100 mm. 


Ceti, BR. cxvccnieececscscnetinesnssnstateones 30 6-0 12-0 18-0 29°5 
(Rate with I,) /(rate without I,) ............... 5°0 8°7 11-2 13°2 16°7 
4a 
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The reaction is homogeneous : half-life in packed bulb (6 mm. catalyst) 467 secs., in un- 
packed bulb 418 secs. Again there is a slightly smaller rate in the packed bulb. We do 
not regard this as due to the existence of any sort of chain reaction, since it can be quite 
well explained by the various condensations occurring. 

The existence of consecutive reactions in the decomposition is plainly shown by the 
time—pressure increase curves, which have an inflexion becoming more and more pronounced 
with a greater iodine concentration. The analysis of these curves is rather complicated 
and not relevant to the present issue, but the /ater stage of the reaction appears to possess 
a rate proportional to the concentration of the catalyst. 

The gaseous products of the reaction, after being washed with potassium hydroxide 
and with sulphuric acid to remove hydrogen cyanide and free base, contained 2% of 
unsaturated compounds, and 5% of incombustible residue, presumably nitrogen. The 
remainder was methane; combustion gave the ratios carbon dioxide : contraction : oxygen 
used = 1-00: 2-01: 2-01. Hydrogen and ethane, if present at all, were in very small 
amounts, as shown by fractional combustion. 

The products of complete decomposition, at the temperature of the reaction bulb, 
contained about 10% by volume of hydrogen cyanide and 5—10% of a base. 

Leaving out of account side reactions giving highly condensed products. we can explain 
the course of the decomposition by the following equations : 


(1) N(CH,);—> 2CH, + HCN 


This does not account either for the presence of base or for the observed ratio CH,: HCN = 
7:1 approx., which suggests that there may have been some reduction of the trimethy]l- 
amine to methane and another, more stable, base, possibly ammonia. If any decomposition 
occurs by the simple movement of a hydrogen atom, already discussed, hydrogen is a 
possible product : 


(2) N(CH), —> [CH, + CH,°N:CH,] —~> CH,°NC + H, + CH, 
There can then follow formation of hydrogen iodide and 
(3) N(CHs), + 2HI —~> CH,*NH-CH, + CH, + I, 


The dimethylamine can be decomposed or further reduced by hydrogen iodide to methyl- 
amine and ammonia. These reductions are probably responsible for that part of the 
reaction where, as mentioned above, the rate becomes proportional to the catalyst con- 
centration. Their occurrence also explains why little free iodine was observed on with- 
drawing the reaction products. Instead, a white deposit appeared, presumably formed by 
the combination of hydrogen iodide and the base. 

Ethylamine.—The, predominantly homogeneous, decomposition of ethylamine is 
catalysed by iodine to a relatively small extent. Thus at 528° with an initial pressure of 
100 mm. the following results were obtained : 


Catalyst, mm. 18 30°5 48 
(Rate with I,)/(rate without I,) ' 4°8 71 12 


“2 


The iodine affects the actual course of the reaction profoundly, as shown by large changes 
in the “‘ end-point.” The mechanism was not investigated in detail, but appears to be 
partly catalytic and partly dependent on reduction by hydrogen iodide in a way similar 
to that discussed in connexion with methy] alcohol. 

Hexane.—The decomposition of hexane at 545° is influenced to some extent by iodine, 
but it is very doubtful how much of the effect can really be called catalysis. The non- 
condensable reaction products consist of about 30° of unsaturated compounds, so that, if 
any hydrogen is produced, which can form hydrogen iodide, there is every opportunity for 
the latter to enter into chemical reactions. 


Catalyst, mm. *f 10 15 37 
(Rate with I,) /(rate without I,) , ‘ 4°6 5°4 5°4 

















The Homogeneous Catalysis of Gaseous Reactions. 1159 


The Relation between Rate of Reaction and Concentration of Catalyst.—In the fig. the results 
for all the amines investigated are plotted on the same scale for comparison. The relation 
between rate and concentration of catalyst is in general not linear. Over a corresponding 
range the curves for ethers and for acetaldehyde are straight lines. While it is difficult to 
rule out the possibility that deviations from linearity in any one example are due to specific 
causes of no importance to a theory of catalysis, nevertheless the curves appear to 
form a regular series with the straight line included as a special case. This suggests that 
perhaps the most general form of relation is that in which the rate reaches a limiting value 
as concentration increases. The theoretical interpretation of such a relation is simple, and 
requires no hypotheses beyond those current in the theory of reaction kinetics. The 
catalyst activates the molecule of the reactant in a collision, and may or may not remain 
temporarily associated with it in the form of a complex. The activated molecule or complex 
is susceptible to deactivation by a further collision with a molecule of catalyst, and will 
therefore be deactivated in this way unless in the meantime it has rearranged itself to give 
the products of the chemical change. As the catalyst concentration increases, a state is 
ultimately reached where further additions 















































cause as much increase in deactivation as 200 

in activation: the rate then reaches a Ky 
limiting value. If the uncatalysed reaction wh 

is negligible, we have: (i) rate of produc- 160 Wy. 

tion of activated molecules or complex = & 

kync, where m and c are the concentrations 4/8 A 

of reactant and catalyst respectively; (ii) <$/3 

rate of deactivation = k.ca, where a is the -S|4./7? 7 i 
concentration of active molecules, or com- § 8 Z piethyle™ ——e- 
plex, established in the system; and (iii)  #*/'§ 

rate of chemical transformation = ka. 8/8 99 a 

Equating rates of production and removal Cle va 

of activated molecules, or complex, and 

solving the equation, we have 

rate of reaction = kaa = kync/(1 + Rgc/hg). rm: 

This gives a curve which, for small values Trimet hylamine 
of c, is linear, but ultimately reaches a 0 f . 
limiting value. The larger the ratio k,/ks, 0 ne ean | Ae ly w.. a 20 


the sooner the limit is approached. When 
ky is very small or k, is very large, the curve remains linear up to the highest concentrations 
of catalyst. This state of affairs, which corresponds to the chemical transformation of all 
the activated molecules produced, is realised with the ethers and aldehydes, but since the 
values of the various constants are highly specific, every variety of behaviour is to be 
expected in a series of different compounds. 


SUMMARY. 


The influence of iodine on the homogeneous decomposition of various amines has been 
studied in the temperature range 400—550°, as part of a general investigation of the types 
of compound susceptible to the catalytic action which iodine exerts on the ethers, aldehydes, 
and esters. 

The structural analogy between C-O-C and C-NH-C is reflected in a certain similarity 
of the catalysed decompositions of the amines and the ethers. The latter have already 
been shown to react as follows : 


R-CH,"0-R’ —> R’'H + R-CHO—> R’H+ RH+CO .. . (I) 
The products derived from the amines are explained qualitatively by the equation 


R-CH,*NH-R’ —> R’H + R'CH:NH —> R’H + RH + HCN (2) 
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With the methyl compounds, hydrogen can be formed and then give hydrogen iodide, 
which reduces some of the amine. 

The intermediate aldehydes of equation (1) decompose cleanly, but the corresponding 
aldimines of (2) appear to enter into complex reactions which destroy any simple quanti- 
tative relations. The hydrogen attached to the nitrogen plays no essential part, since 
triethylamine and diethylamine are both catalysed, and to about the same extent. 

Among the ethers, methyl ether is anomalous in that it is not catalysed: although 
dimethylamine and trimethylamine are not uninfluenced by iodine, the acceleration pro- 
duced by 3 mm. of it is only of the order of ten-fold, in contrast with an order of a hundred- 
fold with diethylamine and triethylamine. 

In some of the reactions the rate is directly proportional to the catalyst concentration ; 
in others it reaches a limit as this increases. The linear relation can be regarded as a 
special case of the more general one, which can be derived from simple kinetic considerations. 

The influence of iodine on the decomposition of ethylamine and of hexane is small : 
how far it can be called catalytic is doubtful. 


We are indebted to the Royal Society and to Imperial Chemical Industries Ltd. for grants for 
the purchase of apparatus. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND 
TRINITY COLLEGE, OXFORD. [Received, June 13th, 1933.] 





272. The System Sodium Carbonate—Calcium Carbonate—W ater. 
: By C. R. Bury and R. REpp. 


THE above system has been investigated as a preliminary to the study of the four-component 
(reciprocal salt pair) system lime-sodium carbonate—water. The double salt Na,CO,,CaCO, 


(Niggli, Z. anorg. Chem., 1916, 98, 241) and its dihydrate (pirssonite) and pentahydrate 
(gaylussite) (Groth, ‘‘ Chemische Krystallographie,” 1908, vol. 11, pp. 219, 222) are known; 
these are stated under certain conditions to play an important part in the manufacture 
' of caustic soda by the causticising process. Wegscheider and Walter (Monatsh., 1907, 
28, 633) have investigated the conditions under which gaylussite and pirssonite are formed 
and decomposed, but it is obvious from their description that equilibrium was never 
established, probably owing to the lack of efficient stirring. Pratolongo (Addi R. Accad. 
Lincei, 1925, 1, 238) reports similar experiments at ‘“‘ the ordinary temperature.” 


EXPERIMENTAL. 


The system has been completely investigated at 15°, 25°, 35°, 37-5°, and 45°, and partially 
at 20°, 30°, 39°, 55°, 65°, 75°, 85°, and 95°, sufficient work being done at these latter temperatures 
to fix the compositions of solutions at certain triple points. 

At the lower temperatures, up to 45°, tubes containing suitable amounts of the three com- 
ponents were rotated in the thermostat for 7—14 days. With efficient stirring, no difficulties 
due to the non-establishment of equilibrium were encountered. In those regions in which 
gaylussite is the stable solid phase, metastable equilibria of calcium carbonate or of pirssonite 
can readily be obtained by heating mixtures of the components to 45° for a day, cooling to the 
desired temperature, inoculating with pirssonite, and then stirring to attain equilibrium. 

Sodium carbonate was determined in the liquid phase by titration with acid; the other 
component, calcium carbonate, was present in too small amounts to be detected. A known 
weight of the moist solid was dissolved in a known amount of acid and, after the evolution of 
carbon dioxide, the solution was weighed and aliquot portions taken for the determination 
of calcium, by precipitation as oxalate and conversion into carbonate (Willard and Boldyreff, 
J. Amer. Chem. Soc., 1930, 52, 1888), and of total carbonates by back titration with baryta. 
The results obtained are quoted in the following table, analyses being expressed as g. of the 
carbonate per 100 g. of solution or moist solid. All results quoted are the mean of two concordant 
determinations. 








ide, 
ing 
iti- 
nce 


or 


or 


we CP GO 


\w 











The System Sodium Carbonate—Calcium Carbonate-Water. 1161 


Soln. Moist solid, %. Solid Soln. Moist solid, %. Solid 
Temp. Na,CO;, %. Na,CO3. CaCO,. phases. Temp. Na,CO;, %%. Na,CO3. CaCO. phases. 

15° 8°91 601 32°38 C. 35° 23-10 30°04 17°29 G. 
12°10 7°08 39°50 Cc. 28°01 33°33 22°61 G. 
14°11 10°57 29°82 C, G. 30°09 34°11 23°00 G. 
14:11 18°88 33°37 C, G. 32°88 44°92 14:03 G, H. 
14°12 35°72 23°45 G, D. 32°89 36°72 21-76 G, H. 
16°78 32°58 27°10 G.* 37°5 18°14 9°55 46°81 cS 
17°24 31°76 25°52 G.* 19°87 11°91 40°45 C. 
22°51 32°97 25°94 G.* 20°33 11-20 43°62 C. 

20 14°81 14°21 31°14 C, G. 20°53 17°53 35°18 C, G. 
14°81 21°45 32°78 C, G. 20°53 28°03 30°22 C, G. 
14°82 26°50 28°48 C, G. 21°38 32°84 26°14 G. 

25 . 6°86 3°10 58°71 CG. 23°16 32°72 24°71 G. 
12°33 6°50 47°03 Cc. 26°32 34°00 26°36 G. 
13°03 6°39 48°21 Cc. 29°26 34°33 25°51 G. 
14°65 7°88 48°21 Cc. 31°29 34°61 24°26 G. 
14°85 9°32 35°95 C. 32°43 37°53 25°05 G, P. 
15°81 17°11 35°09 C, G. 32°43 38°90 25°49 G, P. 
15°81 23°04 25°10 C, G. 32°68 39°84 24°21 P. 
15°83 36°78 33°88 G. 21°48 18°84 32°24 C, P.* 
16°49 32°02 26°35 G. 21°49 29°63 31°26 C, P.* 
17°54 31°04 24°06 G. 24°62 34°28 20°03 p.* 
18°03 31°42 24°39 G. 27°81 37°39 23°46 P.* 
19°52 31°81 24°70 G. 29°58 38°59 25°23 P.* 
20°30 32°04 24°97 G. 31°37 38°86 23°81 P.* 
22°63 42°20 27°92 G, D. 32°97 41°82 22°31 P, M. 
22°64 43°29 30°99 G, D. 32°97 45°45 20°89 P, M. 
19°84 13°32 33°07 Cc? 39 21°26 19°13 35°46 C, G. 
20°52 17°36 30°68 C, P.* 21°26 28°43 25°81 C, G. 
20°52 26°18 25°92 Cc, Pp 23°46 32°63 24°61 G. 
21°14 33°81 22°63 P.* 25°72 34°51 24°62 G, P. 

30 16°20 9°74 40°43 Cc. 25°74 35°57 23°67 G, P. 
17°42 17°90 30°31 C, G. 27°35 37°24 24-02 P. 
17°42 22°66 26°14 C, G. 45 11°40 6°61 40°47 C. 
18°78 31°64 24°34 G. 18°15 10°34 41°31 C. 
20°05 12°76 36°59 C.* 21°09 11°64 43°67 C. 
20°90 18°34 30°28 C, P.* 22°18 19°21 36°46 Cc, P 
20°90 23°51 29°14 Geo 22°19 25°77 30°82 C, P 
21°68 36°02 26°20 P.* 23°74 34°61 22°04 P. 

35 7:00 3°91 45°00 Cc. 25°64 36°68 24°31 P. 
16°90 9°15 44°01 C. 27°87 36°72 21°60 P. 
18°91 14°51 23°00 Cc. 30°31 37°91 22°25 P. 
19°49 27°90 30°88 C, G. 32°15 38°49 21°13 P. 
19°49 18°21 31°67 C, G. 32°46 44°36 19°48 P, M. 
20°86 30°68 21°14 G. 32°47 41°32 20°30 P, M. 


ee 
eo) 


Solid phases: C= CaCO,; G= Na,CO,,CaCO;,5H,O (gaylussite); P= Na,CO;,CaCO,,2 
(pirssonite); D = Na,CO,,10H,O; H = Na,CO,,7H,O; M = Na,CO;,H,O. 
* denotes metastable equilibrium. 


At the higher temperatures, 55° and above, suitable amounts of the three components were 
stirred in a bottle fixed in the thermostat. From time to time, small amounts of sodium 
carbonate were added until, after 24 hours’ stirring, pirssonite could be detected in the moist 
solid by microscopic examination. After analysis of the solution, a further amount of sodium 
carbonate was added, and the solution analysed after 24 hours’, and again after 48 hours’ 
stirring. Water was then added and the solution again analysed after 24 hours. The four 
analyses of the solution were always in satisfactory agreement, proving that equilibrium is 
obtained under these conditions. The results obtained in this series of experiments are given 
below. 

Analyses of solutions at the triple point CaCO,—pirssonite—solution. 


I dicicincananishaligh 55°0° 65°0° 750° 85-0° 95-0° 
nea 23-07 24-02 24-93 25°87 26°81 
DISCUSSION. 


In the fig. are shown the temperatures and concentrations of solutions in equilibrium 
with the various solid phases. The representation of a three-component system at a 
series of temperatures usually requires the use of three co-ordinates, but in this case, 
since the concentration of calcium carbonate in the solution is too small to be measurable, 
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two co-ordinates are sufficient. Data for the solubility of the various hydrates of sodium 
carbonate, and for the boiling and freezing points of its solutions, used in constructing 
the fig., are taken from International Critical Tables. 

As can be seen from the fig., dilute solutions of sodium carbonate are in equilibrium 
with calcium carbonate, while more concentrated solutions react with it to form gaylussite 
or pirssonite, according to the temperature. Gaylussite is in equilibrium with pirssonite 
at 37—40°, the exact temperature depending on the concentration of the sodium carbonate 
solution with which they are in contact. At 15° the concentration of the solution at the 
triple point calcium carbonate-gaylussite-solution is identical, within the limits of experi- 
mental error, with that of a saturated solution of Na,CO,,10H,O; consequently, gaylussite 
is only stable at, or below, 15° in contact with an aqueous solution when this is super- 
saturated with respect to the decahydrate. The equilibrium calcium carbonate-—pirssonite- 
solution can readily be followed in the metastable region below 40° where gaylussite is 
the stable solid phase. 





Vapour 





100° 





Calcium carbonate 


Temperature, 
D 
S 











20 
Na,C0;, %. 


Wegscheider and Walter (/oc. cit.) suggest that the anhydrous double salt is formed 
at about 60°, but our experiments do not support this suggestion; the anhydrous double 
salt does not appear to be formed under any conditions in the range covered by our experi- 
ments, and has hitherto only been prepared with certainty at high temperatures in the 


absence of water. ; 
The temperatures and concentrations of the solution at the following quadruple 


points—invariant points at atmospheric pressure—have been determined from the figure : 
Temp. Na,CO,, %- 
CaCO,—gaylussite—Na,CO;,10H,O-solution , 14°11 
CaCO ;-pirssonite-Na,CO,,10H, ‘O-solution ; 20°4 
CaCO,-gaylussite-pirssonite-solution j 21°7 
Gaylussite—pirssonite—Na,CO;,H,O-solution 33°0 
CaCO,-pirssonite—solution—vapour 27°5 
Attempts were made to determine the temperatures of some of these quadruple points 
with a dilatometer, but these were unsuccessful owing to the slowness with which the 


change takes place when efficient stirring is impossible. 


We desire to thank Mr. R. O. Jones for suggesting this topic. 


EDWARD Davies CHEMICAL LABORATORIES, 
UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. (Received, June 28th, 1933.] 
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273. Experiments on the Synthesis of Rotenone and its Derivatives. 
Part IV. Dehydrodihydrorotenonic Acid and Tephrosic Acid. 


By ALEXANDER ROBERTSON. 


ON catalytic reduction, dehydrorotenone takes up four atoms of hydrogen, yielding 
dehydrodihydrorotenonic acid * (La Forge and Smith, J. Amer. Chem. Soc., 1930, 52, 
3608). This compound, like dihydrorotenonic acid which is obtained from rotenone 
in the same manner, is in reality a phenol (IV; RK =H) in which the phenolic group 
arises by the opening of the dihydrofuran ring of the tubanol residue (La Forge and Haller, 
J. Amer. Chem. Soc., 1932, 54, 810). The view regarding the structure of the tubanol 
residue in (IV; R = H) depended mainly on the fact that Haller and La Forge (J. Amer. 
Chem. Soc., 1931, 58, 4460) have shown that tubaic acid on hydrogenation forms a 
tetrahydro-derivative, which on decarboxylation yields 2: 6-dihydroxyisoamylbenzene 
(tetrahydrotubanol). 

The structure (IV; R = H) previously ascribed to dehydrodihydrorotenonic acid has 
now been confirmed by the following synthesis according to the general method developed 
in Part III of this series (this vol., p. 489). 





Ho CsHi Ry 
MeO, O-CH,°CO,R OH MeO, O-CH,°CO,R HO’ ‘SOH 
MeO CH,°CN Me _——CH,—-CO 
(I) OMe ail) | _ 
OMe 
ws A XK co (° OMe 
VAN 
O CH, ROu | (IV.) 
Cu-tn, \S/ 
Ax, H,,C; H, 


H,C CH, 


The mitrile (I; R = H) was prepared from the oxime of 4 : 5-dimethoxyphenoxyacetic- 
2-pyruvic acid by means of acetic anhydride, and on treatment with diazomethane gave 
the ester (I; R = Me). Condensation of the latter compound and tetrahydrotubanol (II) 
by the method of Hoesch, and subsequent hydrolysis of the resulting crude ketimine, 
gave rise to methyl tetrahydroderrisate (II1I; R= Me, R, = isoC,;H,,), together with a 
small amount of derrisic acid; the acid was also obtained quantitatively by the alkaline 
hydrolysis of the ester. On treatment with boiling acetic anhydride and sodium acetate, 
the acid (III; R =H, R, = isoC;H,,) furnished the acetate (IV; R = Ac) which on 
deacetylation gave dehydrodihydrorotenonic acid (IV; R=H). The properties of the 
synthetic compound and its acetate are identical with those of the natural products. 

Taken in conjunction with the following relationships established between dehydro- 
rotenone, dehydrodihydrorotenonic acid, derrisic acid, and tetrahydroderrisic acid by 


Dehydrorotenone + 2H,0 Derrisic acid 
Co3H 905 —2H,0 Co3H 40g 
| 
{s# y 
Dehydrodihydrorotenonic acid Reber Tetrahydroderrisic acid 
a3H405 — 2H,0 Cy3H 0g 


La Forge and Haller (loc. cit.), the present synthesis of dehydrodihydrorotenonic acid 
affords conclusive evidence that dehydrorotenone has the chromenochromone structure (V). 


* To avoid confusion the original name for this compound is retained at present (cf. La Forge and 
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The route employed for the synthesis of tetrahydrotubanol (II) is identical with that 
used by Haller (J. Amer. Chem. Soc., 1932, 54, 4755), the announcement of which appeared 
without experimental details during the present investigation. 

Tephrosic Acid.—The condensation of (I; R = Me) and resorcinol gave rise to tephrosic 
acid, 4 : 5-dimethoxyphenoxyacetic acid-2-resacetophenone (III; R = H, R, = H), thus 
confirming the structure assigned to this compound by Clark (J. Amer. Chem. Soc., 1932, 
54, 3000; 1933, 55, 759) and based on the formule for tephrosin and tephrosindicarboxylic 
acid first proposed by the present author (Part II, J., 1932, 1380). 


EXPERIMENTAL. 


4: 5-Dimethoxyphenoxyacetic Acid-2-acetonitrile (I; R=H).—A solution of 4:5- 
dimethoxyphenoxyacetic-2-pyruvic acid (Part III, loc. cit.) (8 g.) and hydroxylamine hydro- 
chloride (10 g.) in 10% aqueous sodium hydroxide (80 c.c.) was kept at 50° for 10 minutes, 
and 24 hours later the oxime (11 g.) was precipitated with concentrated hydrochloric acid; it 
separated from warm water as a hydrate in slender needles, which on being heated melted at 
80°, solidified at 105—110°, and then remelted at 160—165°. Dried in a vacuum desiccator, 
it had m. p. 164—165° (Found: N, 4-5. C,;H,;0,N requires N, 4-5%). 

After the vigorous reaction between the oxime (10-5 g.) and warm acetic anhydride (20 c.c.) 
had subsided, the mixture was heated on the steam-bath for 5 minutes, and the excess anhydride 
decomposed with water (200 c.c.). Next day the yellow crystalline nitrile was collected, and 
on recrystallisation from alcohol (charcoal) formed thick, pale yellow prisms, m. p. 174°, sparingly 
soluble in warm water, ether, or benzene, and readily soluble in acetone or aqueous sodium 
bicarbonate (Found: C, 57-5; H, 5-2. C,,H,,;0,;N requires C, 57-4; H, 52%). Treatment 
of a solution of this compound in acetone with a slight excess of ethereal diazomethane gave 
a quantitative yield of the methyl ester (I; R = Me), which separated from aqueous methyl 
alcohol in masses of long colourless needles, m. p. 92° (Found: C, 58-9; H, 5-7. C,3;H,;0;N 
requires C, 58-9; H, 5-7%). 

2 : 6-Dimethoxyisovalerophenone.—2 : 6-Dimethoxybenzonitrile (Mauthner, J. pr. Chem., 
1929, 121, 259) (140 g.) was added to a solution of isobutylmagnesium bromide (from 23 g. of 
metal and 135 g. of isobutyl bromide) in anhydrous ether (800 c.c.), the mixture refluxed for 8 
hours, the solvent distilled, and the product thoroughly agitated with dry xylene (400 c.c.) 
and then heated on the steam-bath for 8 hours. After the removal of the xylene under diminished 
pressure, the residual solid was treated with water (1 1.) (cool under tap), and the resulting 
mixture heated on the steam-bath for 2 hours and cooled to 40—45°. Ether (500 c.c.) and 
then light petroleum (b. p. 40—50°) (800 c.c.) were carefully added to the reaction mixture 
under reflux, 12 hours later the magnesium hydroxide was dissolved with dilute hydrochloric 
acid, the crystalline unchanged nitrile removed by filtration, and the light petroleum-—ether 
layer separated, washed with aqueous sodium bicarbonate, dried, and evaporated. The oily 
residue was refluxed for } hour with light petroleum (b. p. 40—50°) (250 c.c.), and the solution 
kept at 0° for 12 hours, filtered from a small amount of 2: 6-dimethoxybenzonitrile, and 
evaporated, leaving an oil which was practically free from nitrile and on fractionation under 
reduced pressure gave the ketone as a pale straw-coloured oil (40—45 g.), b. p. 178°/15 mm. 
(Found: C, 70-2; H, 8-2. C,,;H,,0, requires C, 70-3; H, 8-1%). The semicarbazone crystallised 
from alcohol in small, well-formed, colourless prisms, m. p. 207° (Found: N, 15-1. C,4H,,O3N; 
requires N, 15-1%). 

The use of isobutyl iodide in place of the bromide sometimes gave less satisfactory results. 

2 : 6-Dihydroxyisoamylbenzene (Tetrahydrotubanol) (I1).—A mixture of the foregoing ketone 
(30 g.), amalgamated zinc (120 g.), concentrated hydrochloric acid (100 c.c.), and water (20 c.c.) 
was kept for 12 hours and then refluxed for 8 hours. On isolation with ether, tetrahydro- 
tubanol dimethyl ether was separated from higher-boiling impurities by fractionation under 
diminished pressure, and obtained as a colourless oil (6—7 g.), b. p. 142—145°/15 mm. 

A mixture of acetic anhydride (50 c.c.), hydriodic acid (80 c.c., d 1-7), and the dimethyl ether 
(12-5 g.) was refluxed (oil-bath at 140—145°) for 40 minutes, and diluted with excess water. 
A solution of the crude semi-solid tetrahydrotubanol in ether was washed with aqueous sodium 
bisulphite, and then with aqueous sodium carbonate, dried, and evaporated. The residual 
phenol crystallised from light petroleum (b. p. 40—50°) in long colourless needles, m. p. 84°. 

4: 5-Dimethoxyphenoxyacetic Acid-2-(2’ : 4’-dihydroxy-3’-isoamyl)-acetophenone (Tetrahydro- 
derrisic Acid) (111; R =H, R, = isoC;H,,).—A mixture of methyl 4 : 5-dimethoxyphenoxy- 
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acetate-2-acetonitrile (3-4 g.), tetrahydrotubanol (2-5 g.), fused zinc chloride (3 g.), and anhydrous 
ether (30 c.c.) was saturated with dry hydrogen chloride (frequently shaken), and during 8 hours 
the sparingly soluble nitrile and zinc chloride were replaced by a viscous light brown oil. After 4 
days, more ether (200 c.c.) was added, the ethereal layer decanted, and the viscous oil washed 
with ether (3 x 50 c.c). and heated on the water-bath with water (90 c.c.) for 2 hours. Methyl 
tetrahydroderrisate, which quickly separated, was collected and well ground with aqueous 
sodium hydrogen carbonate (50 c.c.), washed with water, and crystallised several times from 
methyl alcohol, forming slender colourless needles (1-5 g.), m. p. 185°, which gave a brownish- 
red coloration with alcoholic ferric chloride (Found in dried material: C, 64-6; H, 6-8. C,H 3 0, 
requires C, 64-6; H, 6-7%). Hydrolysis of this ester (1-2 g.) was effected with 10% aqueous 
sodium hydroxide containing zinc dust (0-1 g.) on the steam-bath for 35 minutes; the colourless 
solution gradually darkened. Dilute hydrochloric acid precipitated derrisic acid as a gum 
(1-0 g.), which separated from 50% alcohol (charcoal) in almost colourless needles, m. p. 214° 
after recrystallisation from dilute acetic acid and then from 50% alcohol (Found: C, 63-7; 
H, 65. Calc. for C,;H,,0,: C, 63-9; H, 65%) (La Forge and Haller, loc. cit., give m. p. 
204—206° and 206°; Butenandt and Hildebrandt, Annalen, 1930, 477, 245, give m. p. 211° 
for a reduction product of derrisic acid which is in all probability tetrahydroderrisic acid). 
This compound has a stable ferric chloride reaction identical with that of the methyl ester. 

Acidification of the sodium hydrogen carbonate extract of the crude ester gave tetrahydro- 
derrisic acid (0-2 g.). 

7-A cetoxy-6’ : 7’-dimethoxy-8-isoamylchromeno-(3’ : 4’: 2 : 3)-chromone (O-A cetyldehydrodihydro- 
votenonic Acid) (IV; R = Ac).—A mixture of tetrahydroderrisic acid (0-7 g.), sodium acetate 
(0-3 g.), acetic anhydride (10 c.c.), and acetic acid (0-5 c.c.) was refluxed for 12 minutes, cooled 
to 80°, and diluted with water (10 c.c.) and then with alcohol (15 c.c.). In the course of several 
hours the acetate (0-3 g.) gradually separated and on recrystallisation from alcohol formed pale 
yellow prismatic needles, m. p. 202° (Found: C, 68-0; H, 5-8. Calc. for C,,H,,0,: C, 68-5; 
H, 5-9%). 

7-Hydroxy-6’ : '7’-dimethoxy-8-isoamylchromeno-(3’ : 4’ : 2 : 3)-chromone (Dehydrodihydro- 
volenonic Acid) (IV; R = H).—The foregoing acetate (0-2 g.) was boiled with alcohol (20 c.c.) 
and concentrated hydrochloric acid (4 c.c.) for 10 minutes, and the resulting solution diluted 
with water (100 c.c.). Dehydrodihydrorotenonic acid gradually separated in characteristic 
yellow needles, m. p. 215°, and on recrystallisation from 50% alcohol had m. p. 221° (Found, in 
material dried at 110°: C, 69-7; H, 6-1. Calc. for C,,H,,0,: C, 69-7; H, 61%). This 
compound is readily soluble in aqueous sodium hydroxide and does not give a ferric chloride 
reaction. Hydrolysed with aqueous potassium hydroxide according to the directions of La Forge 
and Haller (loc. cit.), it regenerated tetrahydroderrisic acid. 

4 : 5-Dimethoxyphenoxyacetic Acid-2-resacetophenone (Tephrosic Acid).—The condensation of 
methyl 4 : 5-dimethoxyphenoxyacetate-2-acetonitrile (1-5 g.) and resorcinol (4 g.) was effected 
in anhydrous ether (50 c.c.) with zinc chloride (3 g.) and excess hydrogen chloride. A thick 
brown oil separated in the course of 3 hours, and after 3 days the remainder of the product 
was precipitated with ether (100 c.c.), the ethereal layer decanted, and the residual oil washed 
with ether (2 x 50 c.c.) and heated on the steam-bath with water (70 c.c.) for 2 hours. The 
product separated in part; the remainder crystallised on cooling. A solution of this solid 
in aqueous sodium hydrogen carbonate (15 c.c.) was filtered from a small amount of insoluble 
material (0-15 g.), and, on acidification with hydrochloric acid, deposited tephrosic acid, which 
separated from 40—50% alcohol in well-formed colourless prisms (0-6 g.) containing solvent 
of crystallisation, m. p. 197° (Found, in material dried in a high vacuum at 110°: C, 59-4; 
H, 4:9. Calc. for C,,H,,0,: C, 59-7; H, 5-0%) (Clark, Joc. cit., gives m. p. 196°). With 
ferric chloride, an alcoholic solution gives a deep wine-red coloration, and an aqueous-alcoholic 
solution gives a brownish-pink. The material insoluble in sodium hydrogen carbonate gave 
the same ferric chloride reaction and appeared to be methyl tephrosate. Hydrolysed with 
warm 10% hydrochloric acid, it formed tephrosic acid, m. p. 197°. 
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274. The Nitration of 4-Nitro-o-tolyl p-Toluenesulphonate. 
By FRANK H. Curp and ALEXANDER ROBERTSON. 


In the course of unsuccessful attempts to prepare 4 : 6-dinitro-o-cresol, the nitration of 
4-nitro-o-tolyl p-toluenesulphonate was investigated. It has been found that, although 
concentrated nitric acid gives a mononitro-derivative, which, in view of the well-known 
behaviour of the #-toluenesulphonyl residue on nitration, is undoubtedly the o-nitro-p- 
toluenesulphonate of 4-nitro-o-cresol, yet a mixture of nitric and sulphuric acids yields 
4 : 5-dinitro-o-tolyl o-nitro-p-toluenesulphonate (I), which on hydrolysis forms o-nitro-f- 
toluenesulphonic acid and 4: 5-dinitro-o-cresol (II). The orientation of (II), and hence 


NO, NO, NO, 
a) NOx >-0'0,-<>-CH, wai ots 
CH, H, 


that of (I), was established by the fact that its methyl ether on nitration afforded 3: 4 : 5- 
trinitro-2-methoxytoluene, indicating that the second nitro-group in (II) is in the 5-position 
(the 3-position is excluded on account of the effect of the p-toluenesulphonyl residue), 
and on reduction gave 5-nitro-2-methoxy-p-toluidine which was converted into 5-nitro- 
2-methoxytoluene. 

EXPERIMENTAL. 


4-Nitro-o-tolyl p-T oluenesulphonate.—This ester was prepared from 4-nitro-o-cresol (Ullmann 
and Fitzenkam, Ber., 1905, 38, 3790) (40 g.), p-toluenesulphonyl chloride (52 g.), water (100 
c.c.), and anhydrous sodium carbonate (28 g.) by the method used by Ullmann and Nadai 
(Ber., 1908, 41, 1872) for the preparation of the 2: 4-dinitrophenyl ester. Crystallised from 
alcohol, it formed rectangular prisms, m. p. 123—124°, sparingly soluble in hot methyl or ethyl 
alcohol and readily soluble in warm acetic acid (Found : C, 54-8; H, 4-5. C,,H,,0,;NS requires 
C, 54-7; H, 42%). 

Nitration of 4-Nitro-o-tolyl p-Toluenesulphonate-—(A) The foregoing ester was added with 
stirring to nitric acid (11 c.c.; d 1-5), and after having been kept at room temperature for 1 
hour, the solution was poured on ice and the nitro-derivative crystallised from alcohol, forming 
rectangular prisms, m. p. 120—121° (Found: C, 47-4; H, 3-6. C,,H,,0,N,S requires C, 47-7; 
H, 3-4%). The scission of this compound (1-6 g.) was effected with piperidine (1-5 c.c.) at 
100° in the course of 1 hour, and a solution of the reaction mixture in 10% aqueous sodium 
hydroxide was kept for 20 minutes, filtered, and acidified, yielding almost pure 4-nitro-o-cresol, 
m. p. 117° after recrystallisation. 

(B) The ester (35 g.) was carefully added to a mixture of concentrated sulphuric acid (170 
c.c.) and nitric acid (255 c.c.; d 1-5) (agitate) maintained at below 40°. After having been kept 
at room temperature for 1 hour, the nitration mixture was poured on ice (1200 g.), and the 
resulting 4: 5-dintiro-o-tolyl o-nitro-p-toluenesulphonate crystallised from alcohol, forming 
glistening, colourless, hexagonal plates (35 g.), m. p. 125—126°, readily soluble in acetone or 
hot acetic acid (Found: N, 10-0. C,4H,,O,N,S requires N, 10-6%). Mixed with the nitro- 
derivative obtained by method (A), it melted at 109—110°. The same product, m. p. and mixed 
m. p. 125—126°, was obtained when the nitration was carried out at 0°. 

The trinitro-ester (1-2 g.) and piperidine (1 c.c.) reacted vigorously, forming a dark red 
solution, which was heated on the steam-bath for ? hour and then dissolved in 5% aqueous 
sodium hydroxide (100 c.c.). Acidification of the filtered solution with hydrochloric acid gave 
an oil which was isolated with ether and dissolved in warm benzene. On cooling, 4 : 5-dinttro- 
o-cresol separated in almost colourless needles, m. p. 115°, readily soluble in hot toluene or 
alcohol (Found: C, 42-6; H, 3:3. C,H,O;N, requires C, 42-4; H, 3-0%). On methylation 
with methyl sulphate and 10% aqueous sodium hydroxide, it formed the methyl ether, which 
crystallised from methyl alcohol in thick needles, m. p. 80—81° [Found: OMe, 14-6. 
C,H,0,N,(OMe) requires OMe, 14:-6%]. Treatment of this compound (1 g.) with a mixture of 
nitric acid (10 c.c.; d 1-5) and concentrated sulphuric acid (7 c.c.) during 1 hour at room tem- 
perature gave rise to 3 : 4: 5-trinitro-2-methoxytoluene (precipitated with ice), which separated 
from alcohol in almost colourless prisms, m. p. 112°, identical with a specimen prepared from 
4-nitro-2-methoxytoluene according to the directions of Kaufler and Wenzel (Ber., 1901, 34, 
2241) [Found: OMe, 12-0. Calc. for C;,HsO,N;(OMe) ; OMe, 12-1%]. 
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Hydrolysis of the trinitro-ester (30 g.) was also effected with a mixture of 10% aqueous 
potassium hydroxide (180 c.c.) and alcohol (80 c.c.) on the steam-bath during 15 minutes, and 
on cooling, the crystalline potassium o-nitro-p-toluenesulphonate was collected and converted 
into the characteristic barium salt, which separated from warm water as a hydrate in clusters 
of needles [Found, in material dried over sulphuric acid in a vacuum: Ba, 22-4. Calc. for 
(C,H,O,NS),Ba,2-5H,O: Ba, 22.4%. Found, in anhydrous material: Ba, 24-2. Calc. for 
(C,H,O,NS),Ba: Ba, 24:1%]. Acidification of the alkaline liquor left after the separation 
of the potassium salt gave 4: 5-dinitro-o-cresol (10 g.), m. p. and mixed m. p. 115° after 
purification. 

5-Nitro-2-methoxy-p-toluidine.—Stannous chloride (13 g.) was dissolved in methyl alcohol 
(50 c.c.) saturated with hydrogen chloride and carefully added to 4 : 5-dinitro-2-methoxytoluene 
(3 g.) and methyl alcohol (10 c.c.), the resulting solution boiled for $ hour, and the nitro-amine 
precipitated with water. Recrystallised from benzene, it formed clusters of yellow needles, 
m. p. 152° (Found: C, 52-8; H, 6-0. C,H,,O,N, requires C, 52-8; H, 55%). The amine 
dissolved only in concentrated mineral acids; addition of water to a solution in concentrated 
hydrochloric acid precipitated the free base. 

Reduction of the nitro-compound with ammonium sulphide did not give the nitro-amine, 
and treatment with sodium disulphide gave rise to a product containing sulphur, probably a 
diphenyl disulphide (cf. Kenner and Parkin, J., 1920, 117, 852; Parijs, Rec. trav. chim., 1930, 
49, 45). 

A ee of the nitro-amine (1-5 g.) in sulphuric acid (15 c.c.) and water (15 c.c.) was 
diazotised at below 0° with sodium nitrite (1-2 g.); 10 minutes later boiling alcohol (35 c.c.) was 
added, and after the reaction had ceased, 5-nitro-2-methoxytoluene was precipitated with water 
and crystallised from methyl alcohol, forming clusters of needles, m. p. 62—63°, identical with 
an authentic specimen (Simonsen and Nayak, J., 1915, 107, 828) [Found: OMe, 18-5. Calc. 
for C;H,O,N(OMe) : OMe, 18-6%]. 

The authors are indebted to the Chemical Society, the Dixon Fund of London University, 
and the Department of Scientific and Industrial Research for grants. 


LoNDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. (Received, June 3rd, 1933.] 





275. Natural Glycosides.* Part V. Ruberythric Acid. 
By E.Frep T. JONES and ALEXANDER ROBERTSON. 


As a result of the investigations of Rochleder, Schunck, Liebermann, and Bergami, and 
Schunck and Marchlewski (for references, see Perkin and Everest, ‘‘ Natural Organic 
Colouring Matters,” 1918, p. 35), it has been considered that ruberythric acid is a bioside 
of alizarin, which on hydrolysis yields two molecules of glucose. Zemplén and Miiller 
(Ber., 1929, 62, 2107) synthesised a $-gentiobioside and a {-cellobioside of alizarin but, 
although the melting points of the cellobioside and its octa-acetate are very close to those 
of ruberythric acid and its acetate, these authors expressed the view that neither compound 
is identical with the natural bioside. 

The syntheses of alizarin 8-gentiobioside and 8-cellobioside have been repeated, and in 
the former compound the biose residue is shown to be attached at the 2-position, since on 
methylation the hepta-acetate gave rise to a methyl ether, which on hydrolysis yielded 1-O- 
methylalizarin. By analogy, therefore, it seems reasonably certain that the synthetical 
B-cellobioside and the octa-acetyl ®-maltoside (Robertson, J., 1930, 1136) are similarly 
constituted. This view is also supported by the fact that in the synthetical alizarin p- 
glucoside the glucose residue is in the 2-position (Robertson, loc. cit.). A direct comparison 
has shown that ruberythric acid t is not identical with either alizarin 2-6-gentiobioside 

* The general term ‘ glycoside ’’ has been substituted for ‘‘ glucoside,’ used in the titles of Parts 
I—IV, in view of an early extension of these studies to more complex members of the series. 

+ We are indebted to Professor R. Robinson, F.R.S., for a small specimen of ruberythric acid from 
the Schunck collection, the University of Manchester. The O-acetyl derivative, m. p. 230°, was 
prepared according to the directions of Liebermann and Bergami (/oc. cit.), who consider it to be an 
octa-acetate. 
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or alizarin 2-8-cellobioside; this result was confirmed by a comparison of the respective 
O-acetyl derivatives. Further, the compound is not a $-maltoside, since its O-acetyl deriv- 
ative is not identical with the synthetical octa-acetate of alizarin 2-6-maltoside. 

Schunck (loc. cit.) has shown that ruberythric acid is hydrolysed by the enzyme erythr- 
ozym present in madder, but the behaviour of the compound towards emulsin does not 
appear to have been examined. We have found that ruberythric acid is hydrolysed by 
emulsin (supplied by the British Drug Houses, Ltd.), indicating that the glycoside linking 
at the aglucone residue is of the normal $-type. Though we were able to identify the re- 
sulting alizarin, lack of material prevented a detailed examination of the sugar residue. 
Application of the phloroglucinol and the orcinol reaction for a pentose to the aqueous 
solution obtained by either enzyme or acid hydrolysis gave a positive reaction, indicating 
the presence of a pentose residue.in the glycoside, and in consequence it is probable that 
ruberythric acid is a pentosido-f-glucoside of the primeveroside or vicianoside type 
[C,,H,O,—O(8)—C,H,90,-O-C,H,O,]. This view is not inconsistent with the somewhat 
divergent analytical results which have been obtained for the compound, ¢.g., the analytical 
figures given by Liebermann and Bergami (loc. cit.) for ruberythric acid and its acetate 
are in agreement with the calculated results for a monohydrate of a pentosido-glucoside 
and its hepta-acetate respectively (the presence of rhamnose is not excluded). On account 
of the comparatively wide distribution of primeverosides (cf. Armstrong and Armstrong, 
“‘ The Glycosides,” 1931, p. 76) the hepta-acetate of the 2-8-primeveroside of alizarin has 
been synthesised, but the compound is not identical with the acetate of ruberythric acid. 

In view of the fact that ruberythric acid dissolves in alkalis forming red-coloured salts, 
the compound is undoubtedly a bioside and not a diglycoside (cf. Miiller, Ber., 1929, 62, 
2793), but there is no evidence to show at which hydroxy] group the biose is attached. 


EXPERIMENTAL. 


O-Hepta-acetyl-B-gentiobioside of 1-O-Methylalizarin.—The hepta-acetate of alizarin {- 
gentiobioside was prepared by the following modification of Zemplén and Miiller’s method 
(Joc. cit.). The mixture obtained from the interaction of alizarin (2-5 g.), hepta-acetyl «-gentio- 
biosidyl bromide (6 g.), silver oxide (5 g.), and quinoline (10 c.c.) was dissolved in boiling acetic 
acid (100 c.c.), and the solution treated with charcoal, filtered, and gradually added to warm 
water (600 c.c. at 55—60°). The precipitated hepta-acetate was collected, washed, and crystal- 
lised from acetic acid—alcohol, m. p. 260° (Zemplén and Miiller give m. p. 258°). Acetylation 
of this compound with acetic anhydride and sodium acetate at 120° for } hour gave rise to the 
octa-acetate, which separated from acetic acid—alcohol in pale lemon-yellow needles, m. p. 
236° (Zemplén and Miller give m. p. 232°). Mixed with the acetate of ruberythric acid, it 
melted at 208—210°. 

A mixture of the above hepta-acetate (0-6 g.), methyl iodide (6 c.c.), silver oxide (6 g.), and 
acetone (100 c.c.) was refluxed for 8 hours; after 5 hours, further quantities of oxide (3 g.) and 
methyl iodide (4 c.c.) were added. A test with cold alcoholic alkali then showed that the 
methylation was complete, and after the addition of warm acetone (150 c.c.) the silver salts 
were removed by filtration and extracted with a further quantity of boiling acetone (200 c.c.). 
I-vaporation of the combined solutions under diminished pressure left the ether as a crystalline 
residue. Recrystallised from methyl alcohol—acetic acid, it formed pale yellow needles, m. p. 
240°, sparingly soluble in alcohol or acetone and readily soluble in warm acetic acid (Found : 
C, 56:1; H, 5-3. C,y,H4,O,, requires C, 56-4; H, 5:1%). Toa solution of this ether (0-5 g.) 
in hot acetic acid (20 c.c. at 90°), concentrated hydrochloric acid (7-5 c.c.) and then methyl 
alcohol (20 c.c.) were added. The solid, which separated immediately, redissolved on warming, 
and the solution was gently refluxed for 1-5 hours and diluted with water (100 c.c.). 14 Hours 
later, 1-O-methylalizarin was collected and recrystallised from warm methyl alcohol, forming 
orange-yellow needles, m. p. 179°, identical with an authentic specimen. Acetylation of this 
compound with acetic anhydride and pyridine on the water-bath for 1 hour gave the acetate, 
which separated from methyl alcohol in pale yellow needles, m. p. 212°, not depressed on ad- 
mixture with an authentic specimen. 

Alizarin B-Gentiobioside—5% Aqueous sodium hydroxide (60 c.c.) was carefully added to 
a suspension of the hepta-acetate (1-2 g.) in warm methyl alcohol (100 c.c.), and the resulting 
cherry-red solution kept at 60° for 20 minutes and acidified with acetic acid. Addition of an 
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excess of aqueous basic lead acetate precipitated the bright red lead salt of the bioside, which 
was collected, washed with alcohol, suspended in hot alcohol (250 c.c.), and decomposed by 
means of hydrogen sulphide. The boiling solution was filtered from lead sulphide, and on 
cooling deposited the bioside in thick, orange prisms (0-45 g.), m. p. 178—180° after having 
been recrystallised from alcohol and dried. Crystallised from warm water, it formed a hexa- 
hydrate in elongated, hexagonal, orange-yellow prisms, m. p. 96—98° (Found, in air-dried 
material: C, 46-6; H, 5-9; H,O, 15-9. C,gH,.0,,,6H,O requires C, 46-6; H, 6-0; H,O, 
16-1%. Found, in material dried in vacuum over phosphoric oxide for 48 hours and then at 
120° for 2 hours: C, 55-0; H, 5-2. C,gH,,O,,4 requires C, 55-3; H, 5-0%). Mixed with rubery- 
thric acid, the anhydrous gentiobioside began to melt at about 150—155°. 

Alizarin 8-Cellobioside.—The hepta-acetate was prepared by the method used for the 
gentiobioside and had m. p. 254—255° after recrystallisation from ethyl formate (Zemplén 
and Miiller give m. p. 249°). Treatment of this derivative with acetic anhydride and pyridine 
on the water-bath gave rise to the octa-acetate, which separated from acetic acid—alcohol in 
diamond-shaped plates; on heating, these melted at 143—145°, became solid at 170—180°, 
and then remelted at 224—225° Zemplén and Miiller give m. p. 228—229°). The compound 
behaved in the same manner after repeated crystallisation, and was not identical with the acetate 
of ruberythric acid. 

Deacetylation of the hepta-acetate (0-5 g.) was effected in methyl alcohol (50 c.c.) with 5% 
aqueous sodium hydroxide (60 c.c.), and the cellobioside purified by way of the lead salt as 
described for the gentiobioside. Crystallised from alcohol or dilute acetic acid, it formed 
slender yellow needles, m. p. 260° (Found, in material dried at 120—125°: C, 54-9; H, 53%) 
(Zemplén and Miiller give m. p. 253°). Mixed with ruberythric acid, it melted at 240—245°. 

Hepta-acetyl 8-Primeveroside of Alizarin.—Hepta-acetyl primeverose was synthesised by 
the following modification of Helferich and Rauch’s method (Amnalen, 1927, 455, 168). Silver 
oxide (2-5 g.) was added to a solution of 1: 2:3: 4-tetra-acetyl glucose (3 g.) and triacety! 
a-xylosidyl bromide (Levene and Sobotka, J. Biol. Chem., 1925, 65, 465) (6 g.) in warm benzene 
(50 c.c. at 35°), and the mixture vigorously shaken for } hour and then refluxed for 10 minutes. 
After the addition of excess of hot benzene, the silver salts were removed by filtration, the 
benzene distilled in a vacuum, the residue dissolved in acetone, and the solvent evaporated. 
A solution of the residual syrup in acetone (100 c.c.) was poured into water (500 c.c.), and the 
hepta-acetate triturated until it became semi-solid; it then crystallised from warm alcohol, 
forming plates (2 g.), m. p. 213°. 

Hepta-acetyl primeverose (5 g.) gradually dissolved in a mixture of acetic acid saturated 
with hydrogen bromide (12 c.c.) and acetic anhydride (5 c.c.), and after having been kept at 
room temperature for 2 hours, the solution was diluted with chloroform (150 c.c.) and poured 
into ice-water (400 g.). The chloroform layer was separated, washed with ice-water (4 x 200 
c.c.), and dried with calcium chloride, the greater part of the solvent was removed in a vacuum, 
and hexa-acetyl primeverosidyl bromide precipitated with an excess of light petroleum (40— 
50°). This compound was obtained as a colourless glass which became friable when exposed 
to a high vacuum. 

A mixture of well-dried bromide (3 g.), resublimed alizarin (1 g.), quinoline (6 c.c.), and silver 
oxide (1-5 g.) was vigorously agitated and after the mild reaction had ceased (15 minutes) the 
reaction mixture was kept in a desiccator for 1 hour. A solution of the product in hot acetic 
acid (50 c.c.) was poured into water (300 c.c.), the solid collected, drained, and extracted with 
warm acetic acid (50 c.c.), the filtered extract mixed with warm water (500 c.c. at 40—45°), 
and the yellow precipitate dissolved in hot alcohol. On cooling, an amorphous yellow solid 
separated, which was repeatedly purified by hot alcohol until a specimen gave a bright cherry- 
red colour with cold alcoholic sodium hydroxide, indicating the absence of alizarin. Acetylation 
of this material with pyridine and acetic anhydride gave the hepia-acetate of alizarin 6-prim- 
everoside, which separated from warm acetic acid-alcohol (1 : 5) as an amorphous pale yellow 
solid at first, but was finally obtained in pale yellow needles, m. p. 241° (Found: C, 56-1; 
H, 5-0. CygHygOQo9 requires C, 56-5; H, 4:8%). Mixed with the acetate of ruberythric acid, 
it melted at 205—210°. 


The authors are indebted to the Chemical Society for research grants. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON. 
UNIVERSITY OF MANCHESTER. [Received, June 13th, 1933.] 
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276. Natural Glycosides, Part VI. The Hexose Residue of Phloridzin. 


By ALEXANDER MULLER and ALEXANDER ROBERTSON. 


In Part I of this series (J., 1930, 21; compare Wessely and Sturm, Monatsh., 1929, 53, 
554) the position of the hexose residue in phloridzin was established, and since on decom- 
position with baryta the glucoside yields phlorin, which is identical with synthetical 
phloroglucinol 8-glucoside (Cremer and Seuffert, Ber., 1912, 45, 2565; Fischer and Strauss, 
ibid., 1912, 45, 2467), it may be reasonably assumed in agreement with the classification 
of Euler (“ Chemie der Enzyme,” 1922, Vol. 2, 220) that phloridzin is a normal 6-glu- 
copyranoside (I). This conclusion, however, appears to be inconsistent with the behaviour 
of the compound towards mineral acids and enzymes. As the result of a quantitative 
study of their acid hydrolysis, Moelwyn-Hughes (J. Gen. Physiol., 1930, 18, 807 ; cf. Trans. 
Faraday Soc., 1929, 25, 81) has shown that, of a number of glycosides (including biosides) 
examined, phloridzin is the most labile and more closely resembles the y-fructosides than 
the normal @-glucopyranosides. 

In connexion with the enzymatic hydrolysis of phloridzin, the observations of Bourquelot 
and Hérissey (Compt. rend. Soc. Biol., 1895, 47, 578) on the action of the “ emulsin”’ of 
Aspergillus niger, and those of Giaza and his co-workers (ibid., 1906, 60, 1038; 1907, 62, 
1197) on the action of certain extracts of animal origin, may be neglected from a diagnostic 
point of view, since these agents appear to be mixtures of enzymes. Regarding the action 
of emulsin, it has been maintained by Hérissey, Maquenne, and Bourquelot respectively 
(for refs., see Bridel, Bull. soc. Chim. Biol., 1930, 12, 921) that phloridzin is not decomposed 
by this enzyme, while Bridel (loc. cit.) asserts that the glucoside is hydrolysed, indicating 
that it is a B-glucoside, but that owing to the low solubility of the compound the hydrolysis 
can only be detected polarimetrically after a long period. On the other hand, Moelwyn- 
Hughes (loc. cit.) states that, although phloridzin is unaffected by emulsin, it is hydrolysed 
by maltase containing saccharase and by maltase-free saccharase at Jy 4-45, at which the 
a-glucase of the saccharase is supposed to be inactive, thus indicating that the compound 
is a derivative of a y-hexose. This hexose, he finds, differs from glucose in that it has a 
considerably lower specific rotation, [«]) ++ 44-61° instead of + 52-58°, and is not im- 
mediately fermented by Bacillus pestis. Hesse (Annalen, 1875, 176, 89; 1878, 192, 173) 
has recorded a similarly low value [«]p + 45-86° (cf., however, Annalen, 1893, 277, 302), 
while Rennie (J., 1887, 51, 634) gives [«]p + 57-9°. In view of the unsatisfactory evidence 
regarding the nature of the hexose residue of phloridzin, the present investigation was under- 
taken (cf. Armstrong and Armstrong, “‘ The Glycosides,”’ 1931, p. 16). 

We have examined the sugar obtained by the acid hydrolysis of phloridzin, and found 
that it is identical with glucose and yields on acetylation according to Fischer’s directions 
(Ber., 1916, 49, 584) the well-known §-penta-acetate. 

The methylation of phloridzin was effected by the application of the Purdie reaction 
to the trimethyl ether (I, R = Me); this indirect route was employed to prevent the C- 
methylation of the phloroglucinol residue. On hydrolysis, the resulting syrupy hepia- 
methyl ether gave rise to O-trimethyl phloretin (II) and 2:3:4:6-tetramethyl glucose, 
thus clearly showing that in phloridzin the glucose residue has a normal pyranose structure. 
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Confirmation of this structure was obtained in the synthesis of trimethyl phloretin 
8-glucoside (I, R = Me) which was accomplished by the interaction of (II) and O-tetra- 
acetyl «-glucosidyl bromide in the presence of silver oxide and quinoline, and subsequent 
hydrolysis of the resulting ¢etra-acetate. The synthetical glucoside (I, R = OMe) is identical 
in every way with the natural trimethyl ether of phloridzin. Although the synthetical 
tetra-acetate of (I, R = Me) isolated from the reaction mixture melts 6—7° higher than 
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the natural derivative, yet the product obtained by reacetylation of the synthetical glu- 
coside was in every way identical with the natural compound. Both the natural and the 
synthetical phloridzin trimethyl ether are hydrolysed by emulsin in aqueous alcohol at 
37°, yielding trimethyl phloretin (II) and glucose. 

As a result of our experiments, it is clearly established that trimethyl phloridzin (I, 
R = Me) is a normal @-glucopyranoside, and therefore, since there is no reason to believe 
that the structure of the hexose residue is modified in the course of the phenolic methylation 
by the methyl iodide—potassium carbonate method, it is equally certain that phloridzin 
is also a $-glucopyranoside (I, R= H). Although we are unable to account for the ob- 
servations of Moelwyn-Hughes (loc. cit.), yet we are of the opinion in regard to the behaviour 
of phloridzin towards emulsin that, taking into account the variability in the rate of 
hydrolysis of different 6-glucosides by this enzyme, the absence of reaction, or alternatively 
the extremely low rate observed by Bridel (loc. cit.), is due to the nature of the aglucone 
residue. In this connexion, it is noteworthy that Dann and Quastel (Biochem. J., 1928, 
22, 245) have found that, of several glucosides examined, phloridzin exerted by far the 
highest retarding action on the rate of glucose fermentation by zymin. 


EXPERIMENTAL, 


Isolation of Glucose from Phloridzin.—A solution of the glucoside (30 g.) in 0-2N-sulphuric 
acid (440 c.c.) was refluxed for 90 minutes; after cooling, the crystalline phloretin was filtered 
off, the aqueous liquor neutralised with barium carbonate, filtered, and evaporated in a vacuum 
at 40—45°, and the residue extracted with boiling alcohol. On cooling, the extract deposited 
anhydrous glucose, which, on recrystallisation from acetic acid, had m. p. 144—145°, [a] 81 
+ 112-3° after 10 minutes, + 68-48° (20 hours), [a]}$° + 52-46° (20 hours) (¢ = 1-395 in 
water). Acetylation of a specimen with acetic anhydride and sodium acetate on the steam- 
bath for } hour gave rise to 8-penta-acetyl glucose, identical with an authentic specimen, m. p. 
and mixed m. p. 131°, [«]}% + 3-79° (c = 1-554 in chloroform) (Found : C, 49-2; H, 5-9. Calc. . 
for C,g,H,.0,,: C, 49-0; H, 57%). 

Methylation of Phloridzin and Hydrolysis of O-Heptamethyl Phlioridzin.—Methylation of the 
hydrate (20 g.) with methyl iodide (30 c.c.) and potassium carbonate (22 g.) in boiling acetone 
(100 c.c.) for 10—14 hours gave rise to the trimethyl ether, which separated from aqueous 
acetone as the monohydrate in slender needles (21 g., air-dried), m. p. 75—76° after sintering 
at 73°, [a]33, — 39-27° in alcohol (c, 0-991) (Johnson and Robertson, /oc. cit., give m. p. 63—65°). 

A solution of the trimethyl ether (21 g.) in acetone (40 c.c.) containing methyl iodide (8 c.c.) 
and silver oxide (10 g.) was refluxed for 12 hours; two further portions of oxide (10 g.) and one 
of iodide (10 c.c.) were added during the first 2 hours. A solution of the product in acetone 
(200 c.c.) was filtered from silver salts and, after the addition of a little silver oxide, evaporated 
under diminished pressure, and the residue was again methylated in the same manner. The 
product was then methylated 8—10 times without an extraneous solvent until a constant 
methoxyl value was obtained; each time 50—70 c.c. of methyl iodide were used and 30 g. of 
silver oxide added in 3 portions during 24 hours. The heptamethyl ether was obtained as a 
pale yellow syrup (12 g.) [Found : OMe, 40-2. C,,H,,;03;(OMe), requires OMe, 40-6%]. 

In view of the extreme ease with which trimethyl phloridzin and the partially methylated 
mixture derived therefrom are hydrolysed by traces of hydrogen iodide formed by the slight 
decomposition of the methyl iodide in the course of the evaporation of the acetone solutions 
obtained in the early stages of the methylation process, it is essential that these evaporations 
should be carried out in the presence of silver oxide. 

A solution of the syrup in acetone (100 c.c.) containing 10% sulphuric acid (25 c.c.) was 
refluxed for 6 hours, and after several hours at room temperature the dark red oil which had 
separated crystallised. On isolation, the solid was found to be O-trimethyl phloretin, m. p. 
and mixed m. p. 109—110°, after recrystallisation from acetone (Johnson and Robertson, 
loc. cit.). The acid filtrate from the crude trimethyl phloretin was diluted with 2% sulphuric 
acid (80 c.c.) and refluxed for 4 hours, cooled, filtered, and neutralised with a slight excess of 
lead carbonate. After removal of the lead salts, the solution was evaporated in a vacuum 
at 30° in the presence of a little lead carbonate, the residue extracted with boiling alcohol, the 
extract evaporated, the residual oil dissolved in light petroleum (b. p. 60—80°) (200 c.c.), and 
the solution decanted from a little insoluble material. Distillation of the solvent left a pale 
yellow oil, which, on being kept over-night at 0°, partly crystallised. The crystalline material 
was found to consist of 2:3: 4: 6-tetramethyl glucose, which, twice crystallised from light 





1172 Miiller and Robertson: Natural Glycosides. Part VI. 


petroleum containing a little ether, had m. p. 92—94°, [«]#" + 113-6° in alcohol (c, 3-559), after 
4 days + 83-65° [Found : OMe, 52-3. Calc. for CgH,O,(OMe),: OMe, 52-6%]. 

2-O-Tetra-acetyl-B-glucosidoxy-4 : 6 : 4’-trimethoxy-B-phenylpropiophenone (O-Tetra-acetyl Tri- 
methyl Phloridzin).—Silver oxide (10 g.) was added with stirring to an intimate mixture of 
O-trimethyl phloretin (7 g.), O-tetra-acetyl «-glucosidyl bromide (20 g.), and freshly distilled 
quinoline (40 c.c.), the reaction initiated by warming to 30—35°, the mixture stirred for 15 
minutes, kept in a desiccator for 3 hours, and dissolved in warm acetic acid (70 c.c. at 40°), and 
the filtered solution poured into water (350 c.c.}. The resulting dark oil, which soon solidified, 
was extracted with warm alcohol, and the filtered extract cooled. The unchanged trimethyl 
phloretin which first separated was removed, and the acetate of the glucoside then crystallised 
in the course of 10—12 hours, forming colourless needles (0-9 g.). Recrystallised from 50% 
alcohol, it had m. p. 94—95°, [a], — 44-64° in chloroform (c, 1-074) [Found : C, 59-7; H, 6-0; 
OMe, 15-1. CygH90,,(OMe), requires C, 59-4; H, 5-9; OMe, 14:-4%]. The compound does 
not reduce Fehling’s solution until it has been boiled with hydrochloric acid, and does not give 
a ferric chloride reaction. 

2-8-Glucosidoxy-4 : 6 : 4’-trimethoxy-B-phenylpropiophenone (Trimethyl Phloridzin).—A solu- 
tion of the foregoing acetate (0-5 g.) in chloroform (2 c.c.) was cooled in an ice-salt mixture 
and treated with a cooled 0-5N-solution of sodium methoxide in methyl alcohol (3 c.c.). 20 
Minutes later, the reaction mixture was diluted with ice-water and acidified with dilute acetic 
acid, and, on the removal of the chloroform and methyl alcohol at room temperature by means 
of a current of air, a theoretical yield of the glucoside quickly separated in colourless needles. 
Twice recrystallised from dilute acetone, it had m. p. 75—76° after sintering at 73°, alone or 
mixed with an authentic specimen, [«]24;, — 38-85° in alcohol (c, 3-306) [Found, in air-dried 
specimen: OMe, 19-4; H,O, 3-6. Calc. for C,,H,,O,(OMe);,H,O: OMe, 18-8; H,O, 3-6%. 
Found, in material dried in high vacuum at 56°: C, 60-6; H, 6-3; OMe, 19-6. Calc. for 
C,,H,,0,(OMe),: C, 60-2; H, 6-3; OMe, 19-5%]. The compound does not reduce Fehling’s 
solution until hydrolysed with mineral acid. Acetylation of the synthetical glucoside with 
acetic anhydride and pyridine at room temperature gave the tetra-acetate, which, after repeated 
recrystallisation from dilute alcohol, had m. p. 87—88°, [a], — 44:52° in chloroform (c, 
1-003). Mixed with the aforementioned specimen, m. p. 94—95°, it melted at 87—89°. 

Acetylation of Natural Trimethyl Phloridzin The glucoside (9 g.) was acetylated with 
acetic anhydride (45 c.c.) and pyridine (50 c.c.) during 2 days at room temperature, and the 
crude product isolated and dissolved in warm alcohol. The small amount of oily material 
which separated first on cooling was removed, and the acetate then crystallised in needles 
(6-3 g.). Recrystallised, the compound had m. p. 87—88°, [«]#j,, — 44°77° in chloroform (c, 
0-994), unchanged by exhaustive purification (Found: C, 59-3; H, 5-9; OMe, 14:8%). Mixed 
with the synthetical tetra-acetate of m. p. 94—95° and 87—88°, it melted at 87—95° and 87° 
respectively. Acetylation at 100° with use of sodium acetate gave the same product. 

Deacetylation of the natural tetra-acetate by the method used for the synthetical com- 
pound gave rise to the monohydrate of trimethyl phloridzin, m. p. and mixed m. p. 75—76° 
after slight sintering at 73°, [«]21;, — 39-11° in alcohol (c, 3-401) (Found, in material dried over 
calcium chloride: C, 58-1; H, 6-6; H,O, 3-6. Calc. for CygH3g0y9,H,O: C, 58-2; H, 6-5; 
H,O, 36%. Found, in specimen dried in high vacuum at 56°: C, 60-6; H, 6-4; OMe, 19-5%). 
Treatment of this material with acetic anhydride and pyridine or sodium acetate regenerates 
the acetate, m. p. 87—88°. 

Hydrolysis of Synthetical and Natural Trimethyl Phloridzin with Emulsin.—Water (7 c.c.) 
containing emulsin (0-2 g.) was added to a solution of the synthetical glucoside (0-2 g.) in alcohol 
(3 c.c.) and toluene (0-2 c.c.), the mixture kept at 37° for 24 hours and diluted with water (50 
c.c.), and the solid collected and extracted with boiling alcohol (2 c.c.). The filtered extract 
was mixed with water, and on cooling, deposited colourless needles of O-trimethyl phloretin 
(II), m. p. 109°, identical in every way with an authentic specimen. The aqueous filtrate from 
the crude solid reduced Fehling’s solution. Control experiments gave negative results. 

Natural trimethyl phloridzin was hydrolysed in the same manner with emulsin, yielding 
trimethyl phloretin and glucose. 


The authors are grateful to the Chemical Society for research grants, and to the Rockefeller 
International Education Board for a Research Fellowship to one of them (A. M.). 
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277. Usnic Acid. Part III, Usnetol, Usnetic Acid, and 
Pyrousnic Acid. 


By FRANK H. Curb and ALEXANDER ROBERTSON. 


THE optically active yellow lichen compound usnic acid, C,gH,,0,, was discovered by 
Rochleder and Heldt (Amnalen, 1843, 48, 11) in Ramalina fraxinea and in Usnea barbata, 
and its distribution has been subsequently studied by Zopf, Hesse, Knop, and Salkowski, 
who have found that it occurs in some 75 species of lichen (for the numerous references 
see Zopf, “‘ Die Flechtenstoffe,” 1907, p. 101; Perkin and Everest, ‘“‘ Natural Organic 
Colouring Matters,’”’ 1918, pp. 530—542). Both the d- and the /-form have been isolated 
by Salkowski. Our knowledge of the chemistry of this substance is due mainly to the 
analytical investigations of Salkowski (Ber., 1875, 8, 1461), Paterno (Gazzetta, 1876, 6, 
113; 1882, 12, 231; 1900, 30, 109), Widman (Amnalen, 1900, 310, 230, 265; 1902, 324, 
139), and Schépf and Heuck (with Kraus) (7bid., 1927, 459, 233). From his own experi- 
ments and those of previous workers, Widman concluded that usnic acid was a ketonic 
acid containing an acetoacetic acid residue, and was represented by formula (I). Decarbo- 
usnic acid, which is formed from usnic acid by simultaneous addition of the elements 
of water and loss of a molecule of carbon dioxide, he considered to have formula (II). 


cO—O 0,H OH CO0,H 
(L.) CHyCOC=C—C=C-CH-C,H 1 CH,CO-CH=C—C=C-CH-C,H,, (11) 
O——CO O——CO 


That formula (I) for usnic acid is untenable was shown by Schépf and Heuck (with 
Kraus) (loc. cit.), who found by the Zerewitinoff method that the compound contains. 
three active hydrogen atoms, whereas (I) allows only for two. These authors obtained 
tri- and tetra-acetyl derivatives of decarbousnic acid, neither of which possessed acidic 
properties, thus excluding the structure (II) for this compound, and concluded that 
neither decarbousnic acid nor usnic acid, which is a comparatively strong acid liberating 
carbon dioxide from sodium hydrogen carbonate and acetic acid from sodium acetate, 
possesses a carboxyl group. They proposed the modifications (III) and (IV) of Widman’s 
formule for usnic acid and decarbousnic acid respectively, which are also in agreement 
with the experimental observations of previous workers. 


(oot _} q(oH)~) 
CH,°CO-C—C(OH)—C—? (C,,H,,03) CH,-CO-CH=C(OH)—C— (C,,H,.05) 
(IIT.) (IV.) 


On the removal of the elements of acetoacetic acid from usnic acid by hydrolytic decom- 
position with alkali, Salkowski, Paterno, and Widman (locc. cit.) each obtained a yellow 
compound, usnetic acid, C,,H,,0,, which is a carboxylic acid yielding on decarboxylation 
a yellow phenolic product, usnetol, C,;;H,,0, (Hesse, Joc. cit., appears to have prepared 
the same derivatives which he termed usnidic acid and usnidol). By loss of an acetyl 
group on treatment with warm concentrated alkali, usnetol gives rise to usneol,* which we 
have shown by synthesis of its dimethyl and diethyl ethers to be 4 : 6-dihydroxy-2 : 3 : 5- 
trimethylcoumarone (this vol., p. 714). Schépf and Heuck confirmed the observations of 
previous workers regarding usnetic acid and usnetol, and showed that the latter substance 
was a hydroxy-ketone which gave a yellow monoacetate and monomethyl ether and a 
colourless diacetate; a dimethyl ether was not obtained. By successive degradation 
with ozone and alkali, they converted usnetol into C-methylphloroglucinol, and, in view 


* For convenience we have retained this name, first suggested by Paterno (/oc. cit.) for the decarb- 
oxylation product of pyrousnic acid, which is here shown to be identical with Schépf and Heuck’s de- 
acetylated usnetol. The latter authors were unable to decide whether the compound was a 2:3: 5- 
or a 2: 3: 7-trimethylcoumarone, and accordingly they proposed aiternative formule for usnic acid and 
its degradation products. Only one set of formule is dealt with in the present communication, but the 
arguments apply equally to the alternative structures. 

H 
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of its relationship to usneol, proposed the hemiquinonoid structures of types (V) and (VI) 
for usnetol and usnetic acid respectively. On the basis of these formule, supported by 


Me, CO-CH, Me, /CO-CH, 
HO( \y~ jjMe 0c/ ON N/V Me 
Ho,cl | _!Me CH COC, Me 


§ OHNE ¥ 


(VI.) (VII.) 


an examination of numerous derivatives of usnic acid and of decarbousnic acid, Schépf 
and Heuck concluded that usnic acid is represented by a structure of the type (VII), an 
extension of formula (III). 

O-Methylusnetol.—Despite the arguments of Schépf and Heuck in support of their 
formula (V) for usnetol, we were of the opinion that a hemiquinonoid structure of this 
type was most unlikely, and considered that in all probability the substance was a normal 
C-acetyl derivative of usneol (VIII; R =H), believing that the intense yellow colour 
was in some measure due to the auxochromic effect of the furan nucleus. In this con- 
nexion, it may be noted that several simpler phenolic ketones are coloured; ¢.g., 2 : 6-di- 
hydroxy-4-methoxy-3-methylacetophenone, 2 : 6-dihydroxy-4-methoxy-3-methyl-n-butyro- 
phenone (aspidinol) (Robertson and Sandrock, this vol., p. 819), and 2: 4-dihydroxy- 
3-methylacetophenone (Jones and Robertson, J., 1932, 1689) are pale yellow, while the 
p-monomethyl ether of the last ketone and 2-hydroxy-4 : 6-dimethoxy-3-methylaccto- 


CO-CH, CO-CH, CO-CH, 


O 
HO, /~\Me HO O-Ac HO OH 
Me Me ; Me CO-CH, ; Me O-CH, 


R H H 
(VIII.) (IX.) (X.) 


phenone are yellow. Though, as we have now shown, prolonged treatment of usnetol 
with methyl iodide and potassium carbonate in boiling acetone yields only the mono- 
methyl ether (VIII; R = Me), we have observed in the course of numerous alkylation 
experiments on ketones of the C-methylphloroglucinol series (this vol., pp. 437, 819) that 
the hydroxyl group in the o-position to the carbonyl and the C-methyl group cannot be 
alkylated by this method or by means of diazomethane. 

Because of practical difficulties encountered in our first attempts to synthesise 
O-methylusnetol (VIII; R = Me), we turned our attention to the synthesis of the 
isomeric keto-coumarone (XIII), which we have termed O-methylisousnetol. According 
to the general procedure (this vol., p. 714), the interaction of 2 : 4-dihydroxy-6-methoxy- 
3-methylacetophenone (XI) and 3-chlorobutan-2-one in the presence of potassium carbonate 
in boiling acetone gave rise directly to (XIII), probably by way of the stage (XII). 


Me Me Me 


O 
HO/ NOH , Cl-CHMe HOY \-O-CHMe HO \Me 
CH,C +r rt —> CH,CO 0 —> CH,CO Me 
Me Me Me 
(XI.) (XII.) (XIII.) 


This isomeride closely resembles usnetol methyl ether, having the same intense yellow 
colour, and the same ferric chloride and sulphuric acid reactions, and thus afforded 
evidence of the correctness of our formula (VIII; R =H) for usnetol. Further evidence 
in support of the structure (VIII; R =H) was obtained in the transformation of (VIII; 
R = Me) into the furanochromone (XV), which was accomplished by condensation with 
ethyl acetate by means of sodium, and subsequent cyclisation of the resulting diketone 
(XIV) with boiling acetic acid containing a little hydrochloric acid. 

Although it is possible that the methyl ether of a compound having either of Schépf 
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and Heuck’s formule for usnetol would give rise to a diketone of the type (XVI), yet it is 
most unlikely that under the conditions employed this derivative would undergo cyclisation 


CH 
CH,COCH, 7 CH 
co . Yo WVAV4 
M 


HO’ \“\Me \“\O—~\Me Oy \VO% Me eH, , aS 
Me Me e Me CHyCO-CH,COA | IMe "6 » a 
Me OMe Me 


Me Me 
(XIV.) (XV.) (XVI) (XVII) 


yielding a product of the type (XVII). The indirect method of chromone formation is to 
be preferred to ring closure with acetic anhydride and sodium acetate in the case of an 
acetophenone, where, as Wittig (Annalen, 1925, 446, 155) has shown, a mixed product is 
liable to be formed. 

For the synthesis of O-methylusnetol two routes appeared to be possible: (a) the 
synthesis of usnetol monomethyl ether and subsequent application of the Hoesch reaction, 
and (b) the general method used for the synthesis of the isomeride (XIII). In the first 
instance the latter was adopted. The condensation of C-methylphloroglucinol f-mono- 
methyl ether and acetonitrile according to the method of Hoesch gave rise to only one 
ketone which must have formula (XVIII), since, on methylation by the methyl iodide- 
potassium carbonate method, it gave rise to 2-hydroxy-4 : 6-dimethoxy-3-methylaceto- 
phenone. 


Me Me Me 
MeO, OH MeO, OH MeO *CHMe:CO-CH, 
O-CH, CO-CH, O-CH, 
H O-CHMe:CO-CH, H 
(XVIIL.) (XIX.) (XX.) 


The interaction of (XVIII) and 3-chlorobutan-2-one in boiling acetone in the presence 
of potassium carbonate furnished a phenoxy-keione which has formula (XIX) and not 
(XX) (which would have ultimately resulted in a hemiquinone), since we have already 
shown that on alkylation compounds of type (XVIII) yield only 6-O-alkyl derivatives 
(loc. cit.). In attempts to effect the cyclisation of (XIX) under the usual conditions with 
concentrated or alcoholic sulphuric acid, the substance was either recovered unchanged 
or converted into intractable resinous products. Ultimately, by means of a large excess 
of zinc chloride in warm alcohol, (XIX) was converted into a compound which appeared 
to be a polymeride and on distillation in a high vacuum gave rise to O-methylusnetol 
(VIII; R = Me), identical in every way with the natural substance. 

Pyrousnic Acid and Usnetic Acid—The new formula for usnetol entails a revised 
structure for usnetic acid, and though direct experimental evidence is not available, an 
examination of the properties of this compound, together with those of pyrousnic acid, 
has enabled us to limit the choice to one of two formule. Pyrousnic acid was first 
obtained by Paterno (oc. cit.), who found that on decarboxylation it gave rise to usneol, 
which Schépf and Heuck (loc. cit.) suggested was identical with the coumarone obtained 
by C-deacetylation of usnetol. We have confirmed the results of Paterno, and have also 
found that pyrousnic acid is formed along with a new acid, which we have termed usnetinic 
acid, in the course of the preparation of usnetic acid according to the directions of Schépf 
and Heuck. 

The behaviour of pyrousnic acid towards methylating agents closely resembles that of 
usneol. With diazomethane only the methyl ester is formed, but on prolonged methylation 
by the methyl iodide—potassium carbonate method, methyl O-dimethylpyrousnate is obtained, 
which on hydrolysis yields O-dimethylpyrousnic acid. Unlike usnetol, pyrousnic acid 
cannot be preferentially methylated to yield a monomethyl ether, and does not give a 
coloration with alcoholic ferric chloride, hence it is reasonably certain that the carboxyl 
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group is not attached at position 7 of the skeleton formula (XXI). This conclusion is in 
agreement with the fact that methyl 6-hydroxy-4-methoxy-2 : 3: — 


R 
HO, Yost HO (ON cH OH = \/OvM 
ce,y ic M | CH, -CO,H CO-CH, -CO,H 
1 
H H 


(XXI.) (XXII) (XXIII) (XXIV.) 


7-carboxylate (this vol., p. 714), which gives an intense ferric chloride reaction, is not 
methylated by the potassium carbonate—methyl iodide method even on prolonged treat- 
ment with a large excess of the reagents. Further, pyrousnic acid is not a phenylacetic 
acid having the carboxyl group at position 12, because on being heated above its melting 
point it is quantitatively decarboxylated and does not form an anhydro (coumaranone) 
derivative, and because it does not give a coloration with aqueous ferric chloride, a 
property which is common to o-hydroxyphenylacetic acids. Finally, the attachment of 
the carboxyl group at either the 2-, 3-, 4-, 5-, 6-, 8-, or 9-position would necessitate a hemi- 
quinonoid structure, which is excluded by the existence of the O-dimethyl ether. We 
consider, therefore, that pyrousnic acid is a furylacetic acid having the carboxyl group at 
either the 10- or the 11l-position, and thus has formula (XXII; R =H) or (XXIII; 
R = H). 

We have now shown that, by the removal of the C-acetyl group with hot concentrated 
potassium hydroxide, usnetic acid is converted into pyrousnic acid, and therefore, in view 
of the following established relationships between usnetic acid, pyrousnic acid, usnetol, 


Usnetic acid Pyrousnic acid 


Y 








-CO, | -CO, 
Usnetol > Usneol 
Ci3H 40, ae C,,Hj,03 


and usneol, usnetic acid must be a C-acetyl derivative of pyrousnic acid having either 
formula (XXII; R = Ac) or (XXIII; R=Ac). That usnetic acid is not an o-hydroxy- 
benzoylacetic acid (XXIV), since, as we have found, it does not undergo ring closure on 
treatment with warm mineral acids to give a 4-hydroxycoumarin, is in agreement with 
the conclusion that pyrousnic acid is not an o-hydroxybenzoic acid, which alone would 
arise by the hydrolytic decomposition of (XXIV). 

As a result of the new formula established for usnetol, all the formule proposed by 
Schépf and Heuck (loc. cit.) for usnic, usnolic, and decarbousnic acids and their numerous 
derivatives are completely invalidated. A discussion of new structures for these com- 
pounds is reserved until we have completed our examination of usnolic and decarbousnic 
acids. 

Ozonisation of Usnetol.—The product obtained by treatment of the ozonide of usnetol 
(VIII; R =H) with water must have formula ([X) and not the hemiquinonoid structure 
proposed by Schépf and Heuck (loc. c7t.), and hence the removal of the O-acetyl group of 
this product with warm alcoholic hydrochloric acid yields a C-diacetyl derivative of 
methylphloroglucinol (X). 

EXPERIMENTAL. 

Pyrousnic Acid.—The d-usnic acid, m. p. 203—204°, used in the subsequent experiments 
was obtained from Usnea barbata (Robertson and Stephenson, J., 1932, 1678) and from 
Cladonia alpestris collected at Roros, Norway, by Dr. B. Lynge of the University of Oslo. 
The racemic acid was prepared by refluxing a xylene solution of d-usnic acid for 6 hours. 

(A). A mixture of usnic acid (5 g.) and 50% aqueous potassium hydroxide (15 g.) was 
heated to 210° (oil-bath) in an atmosphere of hydrogen; at 170—180° the solution effervesced 
and acetone was evolved (identified as its 2: 4-dinitrophenylhydrazone). The mixture was 
then kept at 210° for 10 minutes, cooled, poured into dilute sulphuric acid, filtered (to remove 
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a little tar), and extracted 3 times with ether. Evaporation of the dried extracts left pyrousnic 
acid as an oil which gradually crystallised. Recrystallised by slow evaporation of an aqueous 
solution in a vacuum and then from ethyl acetate—light petroleum (b. p. 60—80°), it formed 
colourless needles, m. p. 199—200° (decomp.) after sintering at 195° (Found: C, 60-8; H, 5:3. 
Calc. for C,,H,,0,: C, 61-0; H, 5:1%). This compound is easily soluble in alcohol, ethyl 
acetate, and hot water, does not give a coloration with aqueous or alcoholic ferric chloride, 
and liberates carbon dioxide from aqueous sodium hydrogen carbonate. 

After the removal of the pyrousnic acid, the liquor was found to contain acetic acid, which 
was converted into the silver salt by way of the potassium salt (Found: Ag, 64-4. Calc. for 
C,H,O,Ag: Ag, 64:7%). 

Pyrousnic acid was decarboxylated by heating in a high vacuum at 200°, and the resulting 
usneol obtained as a yellow sublimate, m. p. 178—179°, after crystallisation from chloroform-— 
light petroleum, identical with an authentic specimen (Found: C, 68-5; H, 6-4. Calc. for 
C,,H,,0, : C, 68-8; H, 6-3%). 

Treatment of pyrousnic acid (1-5 g.) in ether (25 c.c.) with an excess of ethereal diazo- 
methane (from 5 c.c. of nitrosomethylurethane) (80 c.c.) during 1 hour gave rise to the methyl 
ester, which crystallised from ethyl acetate-light petroleum (charcoal) and then from dilute 
methyl alcohol in colourless slender needles, m. p. 186° (slight decomp.) [Found : C, 62-2; H, 
5°8; OMe, 12-1. C,,H,,0,(OMe) requires C, 62-4; H, 5-6; OMe, 12-4%]. This derivative, 
which does not give a ferric chloride reaction, is readily soluble in the usual organic solvents 
and in aqueous sodium hydroxide, but insoluble‘in aqueous sodium carbonate. On being kept, 
the solution in aqueous sodium hydroxide becomes blue and then green. 

(B). Usnetic acid (3 g.) was heated with 50% aqueous potassium hydroxide (10 g.) at 205° 
for } hour in an atmosphere of hydrogen, and the cooled melt acidified with dilute sulphuric 
acid. Pyrousnic acid (1-2 g.) was isolated from the filtered solution with ether, and on 
crystallisation from water and then from ethyl acetate-light petroleum formed needles, m. p. 
and mixed m. p. 200—201° (Found: C, 60-7; H, 5-5%). Acetic acid was isolated from the 
aqueous liquor left after the separation of the pyrousnic acid, and identified by conversion into 
the silver salt (Found: Ag, 64-0%). 

O-Dimethylpyrousnic Acid.—Methy] pyrousnate (1-5 g.) was methylated with methyl iodide 
(5 c.c.) and potassium carbonate (4-5 g.) in boiling acetone (15 c.c.) during 8 hours. After the 
addition of more acetone, the potassium salts were removed by filtration, the solvent distilled, 
and a solution of the residue in ether washed with 5% aqueous sodium hydroxide, dried, and 
evaporated. The residual methyl O-dimethylpyrousnate crystallised in contact with a little 
methyl alcohol and then separated from dilute methyl alcohol in colourless, thick needles, 
m. p. 63—64° [Found: C, 64:5; H, 6-9; OMe, 33-0. C,,H,O,(OMe), requires C, 64:8; H, 
6-5; OMe, 33-5%]. This compound is easily soluble in the usual organic solvents and yields 
an unstable red picrate. With concentrated sulphuric acid it forms a deep yellow solution 
which on warming becomes red and then purple; addition of water to the cooled mixture 
then gives a purple precipitate. 

Methylation of pyrousnic acid with methyl iodide and potassium carbonate in boiling 
acetone also gave rise directly to methyl O-dimethylpyrousnate. 

A solution of the ester (0-75 g.) in 10% aqueous potassium hydroxide (7-5 c.c.) and methyl 
alcohol (7:5 c.c.) was refluxed for ? hour, cooled, and acidified with hydrochloric acid. The 
resulting acid was purified by means of aqueous sodium hydrogen carbonate and then by 
crystallisation from ethyl acetate—light petroleum, forming clusters of colourless prisms, m. p. 
126—127° [Found: C, 63-6; H, 6-3. C,H )0,;(OMe), requires C, 63-6; H, 6:1%]. This 
compound is easily soluble in alcohol and ethyl acetate, and insoluble in light petroleum. 
With concentrated sulphuric acid it forms a brilliant yellow solution, which on warming 
becomes red and then purple; the latter colour is discharged on dilution with water. 

Usnetinic Acid.—d- or r-Usnic acid (30 g.) was hydrolysed with 75% aqueous potassium 
hydroxide according to the directions of Schépf and Heuck (loc. cit.), and after the separation 
of the usnetic acid the filtrate was extracted 3 times with ether. The oil left on evaporation 
of the dried extracts was dissolved in a little water, and the solution filtered from insoluble 
usnetic acid (0-5 g.) and evaporated in a vacuum at room temperature. Usnetinic acid (1-7 g.), 
contaminated with oil and a trace of pyrousnic acid, gradually separated. Evaporation of 
the mother-liquor to dryness then gave almost pure pyrousnic acid (0-8 g.), which separated 
from ethyl acetate—light petroleum in clusters of needles, m. p. and mixed m. p. 198—199°; 
the methyl ester crystallised from dilute methyl alcohol in slender needles, m. p. and mixed 
m. p. 185—186°. 
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Recrystallised from water and then several times from ethyl acetate-light petroleum (b. p. 
60—80°), uwsnetinic acid formed colourless, thick, tubular prisms, m. p. 180—181° (decomp.), 
readily soluble in warm water and in all the usual organic solvents except light petroleum 
(Found : C, 59-5, 59-5; H, 5-2, 5-1. C,,H,)0O,; requires C, 59-5; H, 4-5%). Addition of ferric 
chloride to an aqueous solution of the compound gives a red coloration; an alcoholic solution 
does not give a reaction. On being heated, the orange solution of the substance in concen- 
trated sulphuric acid becomes red and then greenish-purple; addition of water then gives an 
almost colourless solution. 

O-Methylusnetic Acid.—Treatment of usnetic acid (2 g.) with an excess of ethereal diazo- 
methane (from 6-8 c.c. of nitrosomethylurethane) gave rise to methyl O-methylusnetate, m. p. 
117—118°, after crystallisation from methyl alcohol [Found: C, 62-5; H, 6-1; OMe, 20-1. 
Calc. for C,4H,,0,(OMe),: C, 62-8; H, 5-9; OMe, 20-3%]. Hydrolysis of the ester (1 g.) 
with 10% aqueous sodium hydroxide and methyl alcohol (10 c.c.) on the steam-bath afforded 
the acid, which was purified by means of aqueous sodium hydrogen carbonate and then by 
crystallisation from dilute alcohol, forming clusters of yellow needles, m. p. 164—165° [Found : 
C, 61:3; H, 5-6; OMe, 10-6. C,,H,,0;(OMe) requires C, 61-6; H, 5-5; OMe, 106%]. The 
acid is soluble in alcohol, ethyl acetate, acetone, and aqueous sodium acetate, and gives a 
green coloration with alcoholic ferric chloride. 

6-H ydroxy-4-methoxy-7-acetoacetyl-2 : 3 : 5-trimethylcoumarone (XIV).—On methylation with 
methyl iodide (3 c.c.) and potassium carbonate (1-5 g.) in boiling acetone (15 c.c.) during 4 
hours, usnetol (1 g., prepared by decarboxylation of usnetic acid) gave rise to the monomethy] 
ether, which separated from alcohol in yellow, elongated, hexagonal prisms, m. p. 127—128°, 
and was identical with a specimen prepared from diazomethane [Found: OMe, 12-4. Calc. 
for C,3;H,,;0;(0Me) : OMe, 12-5%]. With cold concentrated sulphuric acid, the compound 
formed a yellow solution which on warming became red and then purple. 

A mixture of O-methylusnetol (1-2 g.), ethyl acetate (25 c.c.), and sodium (0-6 g. in small 
pieces) was heated on the steam-bath for 6 hours, a little alcohol was added to destroy traces 
of sodium, and the solution diluted with water and acidified with acetic acid. On removal of 
the unchanged ethyl acetate by means of a current of air, the diketone solidified, and on 
crystallisation from alcohol formed slender yellow needles (0-8 g.), m. p. 126—127° (Found : 
C, 66-2; H, 66. C,,H,,0, requires C, 66-2; H, 6-2%). With alcoholic ferric chloride this 
compound gives a greenish-brown coloration. Mixed with O-methylusnetol, it melted at 
100—101°. 

7-Methoxy-2 : 8: 4’ : 5’-tetramethyl-5 : 6-furano-(2’ : 3’)-chromone (XV).—After the foregoing 
diketone (0-4 g.) was boiled with acetic acid (8 c.c.) containing 4 drops of concentrated hydro- 
chloric acid for 4 minute, addition of water precipitated the chromone, which separated from 
dilute acetic acid as a hydrate in thick needles, m. p. 192° (Found, in specimen dried at 100° 
for 1 hour: C, 70-2; H, 6-2. C,,H,,O, requires C, 70-6; H, 5-9%). The compound is readily 
soluble in alcohol, acetic acid, or ethyl acetate, and does not give a ferric chloride reaction. 
The sulphuric acid reaction is identical with that of usnetol methyl ether. 

2 : 4-Dihydroxy-6-methoxy-3-methylacetophenone (XI).—Methylphloroglucinol «-monomethy] 
ether (5-2 g.) was condensed with acetonitrile (1-85 g.) in ether (50 c.c.) by means of zinc 
chloride (1-5 g.) and excess of hydrogen chloride. The ketimine double compound separated 
as an oil which gradually crystallised and after 2 days was hydrolysed by boiling with water 
(100 c.c.) for 20 minutes. Crystallised from dilute alcohol, the resulting ketone formed almost 
colourless needles, m. p. 224° [Found: C, 61-4; H, 6-4; OMe, 16-0. C,H,O,(OMe) requires 
C, 61:2; H, 6-1; OMe, 15-8%]. This substance, which is almost insoluble in ethyl acetate or 
benzene, gives a purplish-brown coloration with alcoholic ferric chloride. 

6-Hydroxy-4-methoxy-5-acetyl-2 : 3: T-trimethylcoumarone (O-Methylisousnetol) (XIII).—A 
mixture of the foregoing ketone (1-5 g.), 3-chlorobutan-2-one (Part II, Joc. cit.) (1-5 g.), and 
acetone (15 c.c.) was refluxed for 2-5 hours and diluted with an excess of 1% aqueous sodium 
hydroxide. Acidification of the filtered solution with hydrochloric acid precipitated the keto- 
coumarone as a yellow solid, which separated from alcohol in elongated, rectangular prisms 
(1-3 g.), m. p. 109—110° [Found: C, 67-6; H, 6-6; OMe, 12-6. (C,,;H,,0,;(OMe) requires C, 
67-7; H, 6-5; OMe, 12-5%]. The ferric chloride and the sulphuric acid reaction are identical 
with those of O-methylusnetol; a mixture of the two compounds melted at 90—92°. The 
oxime crystallised from dilute methyl alcohol in colourless rhombic prisms, m. p. 161—162° 
(Found: C, 63-5; H, 6-9. C,,H,,O,N requires C, 63-9; H, 6-5%); it gives a greenish-black 
coloration with alcoholic ferric chloride. 

2 : 6-Dihydroxy-4-methoxy-3-methylacetophenone (XVIII).—Methylphloroglucinol §-mono- 
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methyl ether (5 g.) was prepared directly by the simultaneous hydrolysis and decarboxylation 
of methyl 2 : 6-dihydroxy-4-methoxy-3-methylbenzoate (7-5 g.) with 15% aqueous potassium 
hydroxide (100 c.c.) and methyl alcohol (50 c.c.); m. p. 115—116°, after crystallisation from 
benzene (compare Herzig and Wenzel, Monaish., 1902, 23, 81). 

A solution of this compound (5 g.) and acetonitrile (1-85 g.) in ether (50 c.c.) containing 
zinc chloride (1-5 g.) was saturated with dry hydrogen chloride, and after 2 days the crystalline 
ketimine double compound was hydrolysed by boiling with water (125 c.c.) for 20 minutes. 
The solution of the solid product in ether (200 c.c.) was extracted with 10% aqueous sodium 
carbonate, washed, dried, and evaporated, leaving 2 : 6-dihydroxy-4-methoxy-3-methylaceto- 
phenone, which separated from warm xylene and then from benzene in clusters of pale yellow 
needles (4-7 g.), m. p. 197—198° [Found : C, 61-1; H, 6-1; OMe, 15-6. C,H,O,(OMe) requires 
C, 61-2; H, 6-1; OMe, 15:8%]. The substance is readily soluble in warm methyl or ethyl 
alcohol, and with alcoholic ferric chloride gives a green coloration which changes to brownish- 
purple on dilution with water. Methylation of this ketone (0-3 g.) with methyl iodide (1 c.c.) 
and potassium carbonate (0-6 g.) in boiling acetone (5 c.c.) for 2 hours afforded 2-hydroxy- 
4 : 6-dimethoxy-3-methylacetophenone, which separated from alcohol in rectangular prisms, 
m. p. 141—142°, identical in every way with an authentic specimen (this vol., p. 437). 
Despite a careful search, a second (isomeric) ketone could not be detected in the aqueous sodium 
carbonate extract or in the benzene liquor. 

a-Methyl-a-3-hydvoxy-5-methoxy-2-acetyl-4-methylphenoxyacetone (XIX).—A mixture of 2: 6- 
dihydroxy-4-methoxy-3-methylacetophenone (1 g.), 3-chlorobutan-2-one (1 g.), potassium car- 
bonate (2 g.), and acetone (10 c.c.) was heated on the steam-bath for 8 hours, diluted with 
water, and extracted several times with ether. Evaporation of the dried extracts left the 
phenoxy-ketone as an oil, which solidified in contact with a little alcohol, and on recrystallisation 
from dilute alcohol formed small rectangular plates (0-75 g.), m. p. 151—152° (Found: C, 
63-0; H, 7:1. C,,H,,0,; requires C, 63-2; H, 68%). This compound is easily soluble in 
ethyl acetate and insoluble in warm light petroleum, and with alcoholic ferric chloride gives a 
purple coloration almost identical with that given by 2-hydroxy-4 : 6-dimethoxy-3-methyl-. 
acetophenone. 

6-Hydroxy-4-methoxy-T-acetyl-2 : 3 : 5-irimethylcoumarone (O-Methylusnetol) (VIII; R = Me). 
—A solution of the foregoing phenoxy-ketone (1 g.) and fused zinc chloride (7-5 g.) in alcohol 
(15 c.c.) was heated on the water-bath for 5 hours, a further quantity of zinc chloride (7-5 g.) 
being added after 2 hours. The reaction mixture was poured into water, and the amorphous 
solid collected, washed, and dried. This product, which could not be crystallised, appeared 
to be a polymeride of O-methylusnetol. On distillation in a high vacuum it gave rise to the 
latter compound as a yellow oil, which solidified in contact with a little alcohol. Recrystallised 
from the same solvent, synthetical O-methylusnetol formed yellow, elongated, hexagonal 
prisms, m. p. and mixed m. p. 127—128°, and was identical in every way with a natural specimen 
(Found: C, 67-6; H, 6-6. Calc. for C,,H,,0,: C, 67:7; H, 65%). The oxime separated 
from methyl alcohol in colourless prisms which turned green on exposure to light, m. p. and 
mixed m. p. 184—185°, identical with the natural derivative. 
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278. The Rotatory Dispersion of Organic Compounds. Part XXIII. 
Rotatory Dispersion and Circular Dichroism of Aldehydic Sugars. 


By H. Hupson, M. L. WoLrrom, and T. M. Lowry. 







TuE aldehydic formula suggested by von Baeyer (Ber., 1870, 3, 67) and used by Emil 
Fischer in his classical researches on the stereoisomerism of the reducing sugars, has now 
been displaced almost universally by formule of the cyclic oxide type, first suggested in 
the same year by Colley (Com#t. rend., 1870, 70, 403) and subsequently by Tollens (“‘ Hand- 
buch der Kohlenhydrate,” 1883, p. 32). Thus, it has been clearly established that the 
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crystalline «- and $-sugars are of similar structure to the cyclic «- and 8-glucosides and are 
therefore themselves cyclic (Simon, Compt. rend., 1901, 182, 487; E. F. Armstrong, J., 
1903, 88, 1305). The interconversion of these stereoisomeric sugars (which gives rise to 
mutarotation in aqueous solution) appears likely, however, to proceed by opening of the 
ring, with formation of an aldehyde or aldehydrol as an intermediate product (Lowry, 
J., 1903, 83, 1314; 1904, 85, 1565), just as the Lobry de Bruyn transformation (Rec. trav. 
chim., 1895, 14, 203) appears to proceed through the formation of a trace of an intermediate 
enol which is common to glucose, mannose, and fructose (Lowry, J., 1903, 83, 1316); and 
on this basis, the velocity of isomeric change has been correlated with the extent to which 
the ring may be “ hydrolysed’ in aqueous alcohols of different concentrations (Lowry, 
Z. physikal. Chem., Cohen Festband, 1927, 125). Exceptional interest therefore attaches 
to the genuine aldehydic or p-sugars (Lowry, Z. physikal. Chem., 1928, 180, 125) prepared 
by Levene and Meyer (J. Biol. Chem., 1926, 69, 175; 1927, 74, 695), by Wolfrom (J. Amer. 
Chem. Soc., 1929, 51, 2188, e¢ seq.), and by Brigl and Mihlschlegel (Ber., 1930, 63, 1551), 
in which the formation of a ring is prevented by methylating, acetylating, or benzoylating 
the five hydroxyl radicals of von Baeyer’s formula, the sugar being held meanwhile in an 
open-chain form by conversion into a thioacetal. 

The present experiments were made in Cambridge with specimens of the crystalline 
acetates of the aldehydic forms of glucose, galactose, and arabinose, prepared in the 
laboratories of the Ohio State University. A specimen of the liquid pentamethy] derivative 
of aldehydo-glucose, supplied by Dr. Levene, developed a yellow tint which rendered it 
unsuitable for spectrophotometric work. 

The primary result of our experiments has been to show that these sugars exhibit all 
the characteristic optical properties of the carbonyl group, so that the structure assigned 
to them by Wolfrom is fully confirmed in each case; but we have also been able to use 
them as test cases in regard to the real form of the curves of absorption, circular dichroism, 
and rotatory dispersion. 

(a) Absorption.—It has been known for 20 years that the absorption bands of organic 
compounds cannot be represented by the formula which was developed by Ketteler and 
Helmholtz to represent the broadening of a spectral line resulting from “‘ damped 
vibrations,”’ and that an exponential formula, of the same general type as a probability 
curve, must be substituted for it (Bielecki and Henri, Physikal. Z., 1913, 14, 516). Three 
such equations have already been put forward, since Kuhn and Braun (Z. physikal. Chem., 
1930, B, 8, 281) have postulated a probability distribution of frequencies, Lowry and 
Hudson (Phil. Trans., 1933, A, 282, 117) have postulated a probability distribution of 
wave-lengths, whilst the equation of Bielecki and Henri is of an intermediate type. It is 
unfortunately not possible to compare the relative merits of these different equations as 
applied to Kuhn and Braun’s compounds, since no numerical data are given, and dis- 
crimination by graphical analysis is not practicable on account of the small scale on which 
their graphs are reproduced ; but an investigation of the absorption bands of the xanthates 
(Lowry and Hudson, Joc. cit.) has shown conclusively that these are definitely symmetrical 
on a scale of wave-lengths, in strict agreement with the formula of Lowry and Hudson. 
They cannot therefore be represented accurately by the formule of Bielecki and Henri 
or of Kuhn and Braun. 

Our new absorption equation, however, can only be regarded as an ideal limiting case, 
since absorption curves which are steeper on the side of longer wave-lengths have long 
been familiar in nicotine, etc.; but a long personal experience has not yet produced any 
similar evidence of the existence in the absorption spectra of organic compounds of curves 
which are steeper on the side of shorter wave-lengths, as required by the other two equations. 
Molecular xenon, however, gives absorption curves of this type in the Schumann region 
(McLennan and Turnbull, Proc. Roy. Soc., 1930, 129, 266), as also do the diatomic molecules 
of potassium, zinc, cadmium, and mercury. This form of absorption curve appears, 
indeed, to be a peculiar attribute of molecules which are held together by very weak forces, 
possibly of the van der Waals type, but form more stable molecules when one of the com- 
ponent atoms has been activated. The conditions which prevail in the aldehydes and 
ketones are, however, directly opposite to these, and there are theoretical reasons for 
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thinking that the type of electronic transition which gives rise to the ultra-violet absorption . 
bands of unsaturated organic compounds may produce bands which are extended in the 
direction of the Schumann region, but not bands which are extended towards the visible 
spectrum. 

The work now described has confirmed us in the belief that the two earlier equations, 
which are referred to above, do not represent a normal type of absorption curve, and 
that dispersion curves based upon them are therefore not likely to provide the best inter- 
pretation of the optical properties of organic compounds. The aldehydic sugars, indeed, 
provide particularly favourable conditions for an investigation of this problem, since there 
is no overlapping of the absorption bands, such as was observed in the xanthates and in 


Fie. 1. 
Aldehydic d-glucose penta-acetate. 
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1, Absorption (experimental); 1’, absorption (theoretical), deduced from equation (i); 2, circular di- 
chroism (experimental); 2’, circular dichroism (theoretical), deduced from equation (ii); 3, dissymmetry 
factor; 4, subsidiary circular dichroism component (theoretical); 5, algebraic sum of curves 2’ and 4. 


Kuhn’s «-azidopropionic esters, as well as in his «-chloro- and «-bromo-esters where only 
a ‘“‘step-out ’’ was observed. On the contrary, the characteristic absorption band of the 
aldehydic group is separated so widely from that of the acetate radicals that no ‘‘ general 
absorption ”’ could be detected within the range of our observations, chloroform being used 
as a solvent. The ultra-violet band, therefore, stood out as a detached peak, apparently 
unaffected by the presence of other absorbing centres. It was consequently possible to 
plot both sides of the band over a wide range of intensities, and to make a precise study of 
its symmetry by the method of rectilinear diameters. In this way it was established that 
the aldehydic penta-acetate of glucose gives a band which is definitely symmetrical on a 
scale of wave-lengths, whilst the aldehydic tetra-acetate of arabinose deviates from our 
ideal curve in the same direction as nicotine, but in the opposite direction from that required 
by the two alternative equations. 

The experimental absorption data are shown graphically as curves 1 in Figs. 1, 2, and 
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3. Theoretical curves, 1’, are also shown, which are symmetrical on a scale of wave- 


lengths, as calculated from the equation 
e=e¢,,, 6 '0-A/P a. ee 
max, 


where ¢ and ¢,,,,, are the molecular extinction coefficients at 4 and %» respectively, Ag is 
the wave-length corresponding to the maximum absorption, and @ is a distribution para- 
meter, related to the half-width 4’ of the band by 2’ = 1-66510. The values of 4p, a’, and 
Emax, are Summarised in Table I. 
TABLE I. 
Parameters of Aldehydic Absorption Band. 


Aldehydic d-glucose Aldehydic d-galactose Aldehydic /-arabinose. 
penta-acetate. penta-acetate. tetra-acetate. 


Head of band (Ay), A.U. ............ 2920 2900 
Maximum intensity (log é€max.) 1505 1-460 1-580 
Half-width ()’), A.U. 423 500 470 

(b) Circular Dichroism.—Measurements of circular dichroism of camphor in hexane 
(Kuhn and Gore, Z. physikal. Chem., 1931, B, 12, 389) and of aqueous solutions of cam- 
phor-8-sulphonic acid (Lowry and French, J., 1932, 2654) have shown that the maximum 
of circular dichroism occurs at longer wave-lengths than the maximum of absorption of 
unpolarised light, and that the ketonic absorption band in these two compounds is there- 
fore composite in character. On the other hand, the maximum of circular dichroism in 
the aldehydic acetates is not displaced by more than 10 A.U. relatively to the maximum 
of ordinary absorption; but the ratio of circular dichroism to absorption, or the “ dis- 
symmetry factor ’’ as we have proposed to call it (Lowry and Hudson, Phil. Trans., 1933, 
A, 232, 119, footnote), instead of being strictly proportional to the frequency, falls off sub- 
stantially at either end, but especially on the side of shorter wave-lengths. This suggests 
that there is a tendency for the optical activity to be concentrated on the long wave-length 
side of the aldehydic band, but not nearly so markedly as in the ketonic band of camphor. 

In Figs. 1, 2, and 3, the experimental values for the circular dichroism are represented 


graphically as curve 2. The corresponding dissymmetry factor, (e,— «)/e, is plotted 
as curve 3 in each figure. Theoretical values of the circular dichroism, deduced by means 


of the equation : 


(er — €3) = (er — €i)mex, Alp. C-(U-AVOP lg ww Csi) 
are represented in the same figures by curve 2’. In this expression (ef — @%) and 
(er — €)max, are the circular dichroism at wave-lengths A and 9 respectively, A) and 2’ 
have a corresponding significance to that in (i) and, as before, 4’ = 1-66510. 

The experimental and the theoretical curves 2 and 2’ are similar in form, though the 
agreement between them is not completely satisfactory. The most marked divergence 
occurs on the long wave-length side of the aldehydic band of y-glucose penta-acetate. This 
divergence can be interpreted by assuming the existence of a weak band of circular dichroism 
of opposite sign, as represented by curve 4 in Fig. 1. Curve 5, which is the algebraic sum 
of curves 2’ and 4, then agrees closely with the experimental data; and a still more remark- 
able agreement is found in the corresponding curves of rotatory dispersion in this region. 
This component of opposite sign may represent the optical activity of a weak subsidiary 
band, which has been observed at 3100—3300 A.U. in solutions of acetaldehyde and 
propaldehyde in hexane by Schou (Compt. rend., 1926, 182, 965; J. Chim. physique, 
1929, 26, 60). 

The parameters of the curves of circular dichroism are given in Table II. 


TABLE II. 


Parameters of Curves of Circular Dichroism. 
Aldehydic d-glucose Aldehydic d-galactose Aldehydic /-arabinose 
penta-acetate. penta-acetate. tetra-acetate. 
Position of maximum (A,), A.D. «4 2920 2910 2910 
Maximum circular dichroism 
2°25 1-80 
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(c) Rotatory Dispersion in the Region of Transparency.—Wolfrom and Brode (J. Amer. 
Chem. Soc., 1931, 58, 2279) have investigated the rotatory dispersion in the visible spectrum 
of these three aldehydic sugars. After plotting the reciprocals of the molecular rotations 
against the squares of the wave-lengths, these authors concluded that the rotatory dis- 


Fic. 2. 
Aldehydic d-galactose penta-acetate. 
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1, Absorption (experimental); 1’, absorption (theoretical), deduced from equation (i); 2, circular di- 
chroism (experimental); 2’, circular dichroism (theoretical), deduced from equation (ii); 3, dissymmetry 


factor. 
persion of the aldehydic acetates of galactose and arabinose was simple, whilst that of the 
aldehydic acetate of glucose was complex. 

Our experiments confirm the earlier conclusion as regards the simple rotatory dispersion 
of the arabinose compound in the region of transparency, but they show that the rotatory 
dispersions of the glucose and galactose derivatives are complex, and can only be repre- 
sented by two terms of opposite sign. The negative partial rotation in each equation is 
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obviously due to the “ induced dissymmetry ” (Lowry and Walker, Nature, 1924, 113, 565 ; 
Lowry, ibid., 1933, 131, 566) of the aldehydic group, whilst the positive partial rotation, 
which has a characteristic frequency in the Schumann region, may be attributed to the 
fixed asymmetry of the >CH-O-CO-CH, groups. This positive rotation is obviously 
composite in character, and must be regarded as the algebraic sum of a series of positive 
and negative terms with similar dispersion constants. The simple rotatory dispersion of 
the aldehydic acetate of arabinose is due to the fact that this algebraic sum is zero; but 
this internal compensation does not prevent the development of induced dissymmetry in 
the aldehydic group, since this phenomencn is determined mainly by the fixed asymmetry 


Fic. 3. 
Aldehydic |-arabinose tetra-acetate. 
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1, Absorption (experimental); 1’, absorption (theoretical), deduced from equation (i); 2, circular di- 
yg (experimental); 2’, circular dichroism (theoretical), deduced from equation (ii); 3, dissymmetry 
actor. 


of the carbon atom to which the carbonyl group is directly attached. The Drude equations 
and the wave-lengths given by the dispersion constants, together with the positions of 
the maxima of circular dichroism for comparison, are given below: 


(i) Aldehydic d-glucose penta-acetate. 
[a] = — 3-7844/(a2 — 0-09126) + 3-3063 /22. 


Wave-length given by dispersion constant = 3021 A.U. 
of maximum circular dichroism = 2920 A.U. 


























” 


(ii) Aldehydic d-galactose penta-acetate. 
[a] = — 12-3419/(a2 — 0-08946) + 8-4438/22. 
Wave-length given by dispersion constant = 2991 A.U. 
of maximum circular dichroism = 2910 A.U. 


” 
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(iii) Aldehydic 1-arabinose tetra-acetate. 
[~] = — 16-1571/(A2 — 0-08575). 


Wave-length given by dispersion constant = 2928 A.U. 
, of maximum circular dichroism = 2910 A.U. 


As in many preceding cases (see first footnote, Lowry and Hudson, Joc. cit., p. 118), there 
is a marked divergence between the characteristic frequency deduced by extrapolation 
from the curves of rotatory dispersion and that deduced directly from measurements of 
absorption or circular dichroism, but this difference is relatively small in the case of the 


arabinose compound. 


TABLE III. 


Specific Rotations of Aldehydic d-Glucose Penta-acetate in Chloroform Solution at 20°. 


Concentration (c, in g./100 c.c.) and length (/, in dem.) of column of solution. : (a) c = 3°9848, / = 4; 
(b) c = 3°9848,/= 1; (c) c= 3°9848, = 0-1; (d) c = 13283; J = 0°1; (e) c = 0°6641, 7 = 0°1. 








Soln. A. [a]. Soln. A. [a]. Soln. A. [a]. Soln, A. [al. 
Visual readings. Photographic readings.* (e) 3298 —230° (d) 3000 —190° 
(Li 6708 — 3:20 4301 — 22°40" { 3298 —238 3000 —150 
Cd 6438 — 3°83 4202 — 25°54 3292 —264 (e) 12990 — 80 
Li 6104 — 458 4oez — 3181 | p3a7a —288 (a) ‘2969 “115 

i — 4°5 } _ | — — 
Na 5893 — 5-02 4005 — 34:94 {3971 —314 (e) 2957 + 80 
Cu 5782 — 5-46 3966 — 3808 (e) 3266-300 (q) (2054 — 40 
Hg 5780 — 5:46 3917 — 41-22 3258 —338 2937 + 40 
Cu 5700 — 615 = @) {ioe —~ 4435 © {3957 —338  (e) 2929 +150 
Ag 5468 — 7°35 340 — 47-49 © (d) 3248-330 (q) (2018 +115 
Hg 5461 — 7°35 3809 — 50° 3248 — 912 +190 
fa) {Cu 5219 — 8-66 3776 — 53-76  ) (3236 —388  (e) 2912 +230 

4) 4 Ag 5209 — 8-91 3754 — 56:90 (ec) 3229 —380 (d) 2874 +260 . 
Cu 5153 — 9°35 3728 — 60-03 (c) 3197 —414 |) (2872 +380 
Cd 5086 — 9-79 seas — 718 «= p37 440) 3882 L830 
Zn 4811 —1274 —(b) |3c40 — 716 (c) 13126 —464 (ce) 2844 +450 
Cd 4800 —12°67 3570 — 84-0 3100 —464 —(g)_ 2829 +415 
Zn 4722 —13'93  (c) 3530 — 88 3076 —440 2823 +490 
Zn 4680 —1431 gq) {3514 — 966 (4) 3075 —415 |) £2823 +530 
Cd 4678 ~14-74 3466 —109-0 () (3059 —414 2804 +600 

i 4602 —15°75 (c) 3445 —112 3059 —300  (g)_ 2797 +565 

= oS ia 2 
_ _ e 

3393 —138 (e) 3047 —300 (d) 2768 +715 

(C) 13367 —164 (c) {3042 —364 — (c)' 2600 +716 

(a) 3338 —190 3021 —338  (d) 2598 +755 

{ 3329 —188 (e) 3021 —230 (c) {2588 +690 

(C) 13315 —214 (d) 3016 —260 2539 +665 


(d) Rotatory Dispersion in the Region of Absorption.—The results of this preliminary 





analysis by means of Drude’s equation have been confirmed by extending the observations 
right through the aldehydic absorption band, where the curves of total rotation assume the 
characteristic form first observed by Cotton in the coloured tartrates. Beyond a wave- 
length of 2500 A.U., however, observations were rendered impossible by the general 
absorption of the solvent. The results are set out in Tables III, IV, and V, and are plotted 
as curve 1 in Figs. 4, 5, and 6. 

The partial rotation due to the aldehydic band was deduced from its circular dichroism 
by means of the equation of Lowry and Hudson, as follows : 


= — — 1 € e* ° dx a ° 

(el = q T 3K 2) 
where [«] = partial specific rotation at wave-length 4, m = maximum value of the terms 
inside the bracket, [¢] = maximum value of [«], which occurs at wave-length 24, and is 


given by i. = €i)max, (degrees), M being molecular weight. The other 


symbols have the same significance as in equation (ii). 


(iii) 





This partial rotation is represented 











1186 Hudson, Wolfrom, and Lowry : 


graphically as curve 2 in Figs. 4, 5, and 6, where the total specific rotation is plotted as 
curve I, 
TABLE IV. 


Specific Rotations of Aldehydic d-Galactose Penta-acetate in Chloroform Solution at 20°. 
(a) ¢ = 7°8864, 7 = 2; (b) c= 7°8864,7= 0-1; (c) c= 1°3144,/= 0'1. 
Soln. A. [a]. Soln. A. [a]. Soln. A. [a]. Soln. 


Visual readings. Photographic readings.* 3315 — 625° 
(Li 6708 —15-47° 4144 —100°30° 3306 650 
Cd 6438 —17°56 4032 —116°15 (b) | 3298 676 
Zn 6362 —18°51 3942 —132-00 3292 701 
Li 6104 —20-80 3879 —147°85 3287 727 
Na 5893 —23°84 3816 —163-70 3280 752 
Cu 5782 —25°17 3760 —179°55 (c) 3280 785 
Hg 5780 —25-49 (a) }3716 —195-40 3275 
Cu 5700 —26-37 13678 —211-25 (b) 43271 
Ag 5468 —30°75 3640 —227°10 |.3266 
Hg 5461 —30°81 3607 —242-95 (3254 
Cu 5219 —36-33 3582 —258°80 3222 
Ag 5209 —36-33 3557 —274°65 3180 
Cu 5153 —37-91 3535 —290°50 3175 
Cu 5106 —39°75 (3514 —306°35 3151 
Cd 5086 —40°32 (3485 —321 3076 
Zn 4811 —49-96 3450 —346 3067 
Cd 4800 —50°40 3427 —371 3067 
Zn 4722 —54:27 3407 —397 3048 
Zn 4680 —56-68 3393 —422 3032 
Cd 4678 —56-55 3379 —448 3021 
Li 4602 —60°86 3355 —473 3008 
\Hg 4358 —78-36 3348 —498 3000 
3338 —524 2984 
3329 —549 2973 
3324 —574 2967 
(3317 —600 


* All the lines hereunder are those of Fe. 


5.3 83 0:3 ta 














TABLE V. 


Specific Rotations of Aldehydic |-Arabinose Tetra-acetate in Chloroform Solution 
(a) c= 83748, 7 = 2; (b) c= 83748, 7 = 0°1; (c) c= 1°3958, 7 = 0°1. 
Soln. A. [a]. Soln. A. [a]. Soln. A. [a]. Soln. 4. 


Visual readings. Photographic readings.* (3427 — 490° 3026 — 930° 
b> 6708 — 44:36° ( 4204 —176°96° 3413. — 513 3010 860 

Cd 6438 — 49°25 4119 —191°89 3384. — 537 2987 790 

50°87 4046 —206°81 3371 — 561 2973 715 

56°30 3986 —221-74 3355 — 585 2965 645 

61°79 3928 —236°66 3348 609 2960 575 

65°14 3872 —251°59 (b) < 3342 633 2954 500 

65°31 3826 —266°51 3338 657 2948 430 

67°52 3781 —281°44 3329 681 2937 360 

76°48 3746 —296°37 3324 705 2937 285 

76°48 3707 —311-29 3315 728 2929 
86°57 3676 —326°22 3306 752 2918 
87°05 3646 —341'14 (3298 776 2912 
Cu 5153 90°09 3621 —356-07 (c) 3292 790 2895 
Cu 5106 92°54 3595 —370°99 3292 800 2844 
(b) { 


Zn 6362 
Li 6104 
Na 5893 
Cu 5782 
Hg 5780 
Cu 5700 
Ag 5468 
Hg 5461 
Cu 5219 
Ag 5209 


| 
11 | 





Cd 5086 93°26 3572 —385-92 3286 824 2826 
Zn 4811 —110°81 (3552 —400°84 3280 2805 
Cd 4800 —111°82 3541 —394 3271 860 2788 
Zn 4722 —117°61 \ ooer —415°77 3254 2721 
Zn 4680 —121-08 3507 —429°86 3248 2689 
Cd 4678 —121°44 3498 —418 (c) 3193 f 2667 
Li 4602 —127-70 é 3485 —444°79 3161 é 2636 
\Hg 4358 —155-05 3477 —442 3084 é 2592 
é 3466 —459°71 3067 f 2543 
3450 —466 3026 (2512 
{3450 —474°64 
(3440 —489°56 
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circular dichroism of opposite sign (curve 4) in Fig. 1, the existence of which has already 
been postulated in order to account for the form of the curve of circular dichroism. The 
partial rotation of this weak component is shown as curve 4 in Fig. 4, and the difference 
curve 5, obtained by subtracting curve 4 from curve 3, is now almost completely 
smooth. 

(ii) Avabinose. The theoretical and the experimental curves 1 and 2 for the aldehydic 
acetate of arabinose, unlike those of glucose and galactose, agree closely over the entire 
range of wave-lengths, thus confirming our conclusion that the whole of the observed 
rotatory power is due to the induced dissymmetry of the aldehydic group. This sugar is 
the first example that we have found of a compound in which the rotatory power can be 
attributed exclusively to a single accessible absorption band. It therefore provides ideal 
material for determining the precise character of the partial rotatory dispersion produced 
by an isolated band. For this purpose we have calculated a series of partial rotations 
from the equation of Kuhn and Braun; these are plotted as curve 2’ in Fig. 6, and lead 
to the difference curve 3’. This curve contains three substantial loops, and shows a 
maximum difference of 300° near the positive maximum; but the differences are equally 
distributed on either side of the axis of zero rotation, so that it is impossible to say whether 
the residual rotation due to the >CH-O-CO-CH, groups is positive or negative. The 
rotations calculated from our own equation are plotted as curve 2 in Fig. 6, and lead to 
the difference-curve 3. The maximum difference is now reduced to 90°, and the loops 
are therefore much smaller; but the difference-curve crosses the axis of zero-rotation at 
four (or five) points, and it is again impossible to say with certainty whether the residual 
rotation is positive or negative. 

On the assumption that the residual rotation associated with the more distant absorp- 
tion bands is so small as to be negligible, the experimental data plotted as curve 1 in Fig. 6 
show that the maximum positive and negative partial rotations associated with the aldehydic 
band are approximately equal in magnitude. The experimental error in this region is, 
however, too great to make it possible to decide whether this equality is accidental or is 
a characteristic feature of an ideal curve of rotatory dispersion. This question could be 
answered most effectively by studying other compounds in which the whole of the observed 
rotatory power is associated with a single accessible absorption band. Unfortunately, no 
other case of this kind is at present known. It may be pointed out, however, that if the 
two theoretical curves 2 and 4 of Fig. 4 are added together, the partial rotation due to the 
two components of the aldehydic band can be expressed by a curve which has positive and 
negative maxima of equal magnitude. Moreover, the analysis of the rotatory power of 
this compound is exceptionally satisfactory, since the final difference curve 5 is entirely 
free from any gross anomaly. 

Our theoretical equation makes the positive maximum rather greater than the negative, 
and this contrast is greatly exaggerated in the theoretical curve derived from the equation 
of Kuhn and Braun. An equation which gives rise to equal maxima can readily be derived 
by omitting the factor 2,/A and the term 0/2(4 + 9) in equation (iii), but this no- longer 
reduces to Drude’s equation in the region of transparency on either side of the band. 
Although, therefore, it is possible that the data of Fig. 6 may have disclosed an essential 
feature of the ideal curve of rotatory dispersion, yet we have not been able to derive an 
equation which satisfies the experimental requirements both in the region of transparency 
and in that of absorption. 

Optical Superposition and C. S. Hudson’s Isorotation Rules—The data now recorded 
are of unique value as a test of van ’t Hoff’s theory of optical superposition and of C. S. 
Hudson’s isorotation rules, since in no previous case has it been possible to isolate, by 
physical instead of algebraic methods, any of the partial rotations which make up the total 
rotations of a series of sugars. The cyclic sugars, which provided the data on which 
C. S. Hudson’s isorotation rules were originally based, contain no radical which is more 
unsaturated than the secondary alcohols, the rotatory dispersion of which is dominated 
by a characteristic frequency at about 1540 A.U. (Lowry and Dickson, J., 1913, 103, 
1067), unless the -C-O-C- group which closes the ring is more easily activated than the 
>CH(OH) groups. In these cyclic sugars therefore the conditions are exceptionally 
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favourable for verifying van ’t Hoff’s principle of optical superposition, since the disper- 
sion constants of the partial rotations are all approximately equal. 

The isorotation rules appear to hold good when derivatives of glucose and galactose 
are compared, but not when comparing similar derivatives of glucose and mannose. It 
therefore appears that the terminal asymmetric atom, e.g., the >CH(OMe) group of the 
glycosides, by which the sign and magnitude of the rotation are mainly determined, is 
influenced not only by the contiguous >CH(OH) group, but also by the next asymmetric 
atom, so that its partial rotation will only remain constant when the ‘wo adjacent asymmetric 
atoms are of constant sign (compare Freudenberg, J. Soc. Chem. Ind., 1931, 50, 287). 

In addition to his isorotation rules for the sugars and their simplest derivatives, C. S. 
Hudson has put forward additional rules to correlate the configuration and rotatory power 
of the lactones (J. Amer. Chem. Soc., 1910, 32, 338) and amides (ibid., 1918, 40, 813; Hudson 
and Komatsu, ib7d., 1919, 41, 1141) of the sugar acids. The rotatory power of these com- 
pounds is due only in part to the fixed centres of asymmetry, since the induced dissymmetry 
of the unsaturated radicals -CO-O-— and —CO-NH, may be expected to contribute a partial 
rotation of lower frequency, associated with absorption bands on the threshold of the 
Schumann region. Similar conditions prevail in the case of the acetates of the aldehydic 
sugars, data for which are given in the present paper, since their rotatory power is due 
mainly (and in one case almost exclusively) to the induced dissymmetry of the unsaturated 
aldehydic group. This group, however, has an absorption band in the middle ultra-violet, 
which makes it possible to investigate its partial rotation by direct measurements of 
rotatory power in the region of absorption, whereas in all the other cases cited above the 
partial rotations are associated with absorption bands in the far ultra-violet or in the 
inaccessible Schumann region, where measurements of optical rotatory power are no longer 
possible. Even under these conditions, however, it might be expected (i) that, in agreement 
with Hudson’s amide rule for the -CO-NH, group, the sign of this induced dissymmetry would’ 
be determined by that of the terminal asymmetric carbon atom, and (ii) that, when the 
‘wo terminal asymmetric atoms were of fixed sign, the magnitude of the partial rotation 
might be independent of the configuration of the more distant atoms. 

These conditions actually prevail in the three sugars now under consideration, of which 
the configurations and optical rotations are set out in Table VI, since the ¢wo terminal 
asymmetric atoms are of similar configuration in d-glucose, d-galactose, /-arabinose, and 
d-xylose.* 

TABLE VI. 


Partial Molecular Rotations of Aldehydic Sugar Acetates. 


[For the sodium D line (A = 5893 A.U.).] 


d-Glucose. d-Galactose. /-Arabinose. d-Xylose. 
Cc CHO CHO CHO 


+ + 4+ 


- - + 


+ + 
Partial rotation of CHO group — 238° —188° 
pe a other groups +145° —- 
Total molecular rotation — 93° —197° — 51°F 


* This small negative rotation is within the limits of the discrepancy between the observed and 
calculated rotations and its real existence is doubtful. 
t+ Wolfrom, Newlin, and Stahly, J. Amer. Chem. Soc., 1931, 58, 4379. 


It will be seen that the induced dissymmetry of the aldehydic group gives rise to a partial 
rotation which is constant in sign, since in each case it is negative in the visible spectrum. 
The magnitude of this partial rotation, however, is more than doubled as a result of a 
reversal of sign in the ¢iird asymmetric carbon atom on passing from the glucose sugar to 
the galactose sugar. Moreover, the elimination of the fourth asymmetric carbon atom on 
passing from d-galactose to /-arabinose is accompanied by a decrease of about one-quarter 
in the partial rotation of the aldehydic group. 

* The xylose compound was too unstable to be included in this series of measurements, 
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These results differ profoundly from those recorded in the cyclic sugars. They may, 
perhaps, indicate that the terminal aldehydic group is not separated so widely from the 
third and fourth asymmetric centres as would appear from the straight-chain formula. If 
this explanation is correct, the dissymmetric field of the asymmetric carbon atoms must act 
directly across the intervening space, instead of being transmitted only through the 
intermediate chain of atoms. 

EXPERIMENTAL, 

Specimens of the aldehydic sugar acetates, sent by post from Columbus, Ohio, were kept in 
desiccators in the dark. They are only slightly soluble in water, ethyl alcohol, light petroleum, 
benzene, and cyclohexane, but readily soluble in acetone, chloroform, and acetylene tetra- 
chloride. The last was tried as a solvent (cf. Wolfrom, ]. Amer. Chem. Soc., 1929, 51, 2188), 
but was found not to be sufficiently transparent, since an intense general absorption began just 
beyond 2625 A.U. Measurements were therefore made in alcohol-free chloroform; the first 
sample was purified through the salicylide compound (Anschiitz, Annalen, 1893, 273, 73), but 
later samples were purified sufficiently from alcohol, hydrogen chloride, carbonyl] chloride, etc., 
by shaking them repeatedly with water, drying for some days over freshly-heated anhydrous 
potassium carbonate, and distilling them twice from an all-glass apparatus. The chloroform 
was purified in small portions as required, and distilled immediately before use. A fresh 
solution of the aldehydic sugar was prepared for each series of measurements, so that no 
observation was made with a specimen which had been in contact with the solvent longer than 
10—12 hours. 

The absorption spectra were measured by means of a polarisation photometer, an iron arc 
being used as a source of light. 

The circular dichroism was measured by the method of Kuhn and Braun (Z. physikal Chem., 
1930,8 B, 445), but using, in place of a water rhomb, a rhomb of fused silica, cut by Messrs. Adam 
Hilger, Limited, from a block which we had tested and found to be free from double refraction. 

The rotatory dispersion in the visible and the ultra-violet region was measured by methods 
which have already been described. All observations, except the visual measurements for 
u-glucose penta-acetate, were made with the help of quartz tubes, in order to prevent possible 
decomposition by alkali. As the absorption band was penetrated, the length of the column 
and the concentration of the solution were progressively diminished. At intervals, the rotatory 
power of solutions which had been used for ultra-violet work was checked by repeated reading 
in the visible spectrum. 

SUMMARY. 

(a) Measurements have been made of the absorption spectrum, circular dichroism, and 
rotatory dispersion of the acetates of the open-chain aldehydic u-forms of glucose, galactose, 
and arabinose. 

(b) These aldehydic sugars have a characteristic “‘ carbonyl” absorption band at 
2900 A.U., which is optically active and gives rise to a levorotation in the visible spectrum. 
This band is either symmetrical on a scale of wave-lengths or slightly steeper towards the 
visible spectrum. 

(c) The ‘‘ dissymmetry factor” (e- ~ «)/e, which measures the ratio of the circular 
dichroism to the absorption of unpolarised light, is approximately proportional to the 
frequency, but falls off slightly on the side of shorter wave-lengths, although this anomaly 
is much less marked than in the cases of camphor and of camphor-f-sulphonic acid. 

(a) The rotatory dispersion of these y-sugars includes (i) a levorotation, due to the 
induced dissymmetry of the aldehydic group, (ii) a dextrorotation, with a characteristic 
frequency in the Schumann region, which is attributed to the fixed asymmetry of the 
>CH-O-CO-CH, groups. In the case of tetra-acetyl p-arabinose, however, the Schumann 
terms cancel out, and the whole of the observed rotation is due to the aldehydic group. 

(e) The partial rotation of the aldehydic group can be represented by the equation of 
Lowry and Hudson, which agrees with the experimental data more closely than do the 
equations of Natanson and of Kuhn and Braun. ; 

(f) The principle of optical superposition and the validity of Hudson’s rules of iso- 
rotation are discussed in the light of the results obtained with the aldehydic sugars. 


UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, June 13th, 1933.] 
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279. The Polymerisation of Gaseous Formaldehyde. 
By RoBErT SPENCE. 


PRELIMINARY to a physicochemical study of certain of the simpler reactions of form- 
aldehyde with other substances, experiments have been carried out on the polymerisation 
of the gas at room temperature. The phenomenon was observed at an early date by 
Hofmann (Ber., 1868, 1, 200; 1869, 2, 152), who found that formaldehyde returned to the 
polymerised state only very slowly. Further observations of a similar nature were made 
by van ’t Hoff (“Studies in Chemical Dynamics,” 1896, 37), the pressure of the vapour 
decreasing from an initial pressure of 23-6 mm. to less than 3 mm. during 5 months. On 
the other hand, according to Perdrix (Ann. Inst. Pasteur, 1906, 20, 881), there is a mobile 
equilibrium between polymeride and gas. This view, however, is contrary to that of 
other investigators, particularly Auerbach and his collaborators (Arb. Kais. Gesundh., 
1907, 22, 584; 1907, 27, 183; 1914, 47, 116), who showed that the vapour of different 
polyoxymethylenes (characterised as «, 8, y, and 8) does not attain complete equilibrium 
even after several months, and that at temperatures up to 218° molecules as large as 
(CH,O), can exist in the gas phase. 

The possibility of the reverse process of polymerisation occurring through intermediate 
formation of gaseous polymerised molecules appears to have been eliminated by the 
experiments of Trautz and Ufer (J. pr. Chem., 1926, 113, 105), who studied the pressure 
change accompanying the polymerisation of pure monomeric formaldehyde gas in a glass 
vessel and showed that the change followed a unimolecular law. This result, together 
with the fact that the amount of polymeride formed on a portion of the vessel which had 
previously been heated to remove adsorbed water was considerably less than that formed. 
on the unheated portion, suggested that the process is essentially heterogeneous. Trautz 
and Ufer assumed, therefore, that the velocity is determined by the rate of diffusion to 
the surface, in accordance with the Nernst theory of heterogeneous reaction velocity. 
Their results are now confirmed and extended, but a somewhat different interpretation is 
advanced. 

EXPERIMENTAL. 


Gaseous formaldehyde was prepared by vaporisation of liquid monomeric formaldehyde, 
which is extraordinarily unstable and in certain circumstances polymerises with almost explosive 
velocity. The change from monomeric liquid to solid polymeride is markedly exothermic 
and possess characteristics which suggest the operation of some kind of chain mechanism. 
However, the addition of quinol, which is known to inhibit the polymerisation of, e.g., styrene 
(Taylor and Vernon, J. Amer. Chem. Soc., 1931, 53, 2527), increased the stability of liquid form- 
aldehyde only to a slight extent. 

Liquid formaldehyde was prepared essentially according to the method of Trautz and Ufer 
(loc. cit.). The apparatus finally adopted was made of Pyrex glass and consisted of a vessel 
containing paraformaldehyde which could be heated to 110° in an oil-bath, and two liquid-air 
traps of the type recommended by those authors. The connecting tubing was heated electrically 
to about 80° to prevent polymerisation on the walls, there being no stop-cocks between the three 
vessels. The paraformaldehyde had previously been dried by standing in a desiccator over 
sulphuric acid, and a stream of dry nitrogen was passed through the apparatus while the traps 
and connecting tubing were heated with a blowpipe flame. The system was evacuated and 
again heated before a first fraction of liquid formaldehyde was collected through a side tube. 
The main fraction was condensed in the first trap, and carefully distilled in the manner recom- 
mended by Trautz and Ufer (/oc. cit.) into the second trap, which was then sealed off. Pressure 
change in the first polymerisation experiments was followed with the aid of a constant-volume 
mercury manometer, but later a quartz spiral manometer was fitted, of the type employed by 
Bodenstein and Dux (Z. physikal. Chem., 1913, 85, 305). This instrument, supplied by the 
Thermal Syndicate Ltd., is readily sensitive to 0-1 mm. of mercury. It was used as a null- 
point instrument, but it is sufficiently robust to withstand sudden changes of several hundred 
mm. between the internal pressure and the external balancing pressure. The manometer was 
connected to the apparatus by quartz—pyrex graded seals, and the reaction system contained 
only one stop-cock, for the introduction or removal of formaldehyde. The quartz spiral and 
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connecting capillary tubing comprised the total dead space, which was therefore negligibly 
small in comparison with a reaction vessel of 50 c.c. capacity, and polymerisation in this region 
was prevented as before by heating the tubing and the upper part of the manometer to 80°. 
Previous to each experiment, the apparatus was evacuated and tested for leaks. 

In order to ascertain whether the polymerisation of formaldehyde can be effected by ultra- 
violet light, as in the case of other aldehydes (cf. Leighton and Blacet, J. Amer. Chem. Soc., 
1932, 54, 3165), and as seemed probable from previous work on the photo-oxidation of methyl 
iodide (Bates and Spence, J. Amer. Chem. Soc., 1931, 583, 1689; Trans. Faraday Soc., 1931, 
27, 468), some experiments were carried out in a quartz reaction vessel of 205 c.c. volume, 
having an internal surface of 196 cm.?. The window was in the form of a small cell 1 cm. in 
thickness, which could be heated by a current of steam to prevent formation of polymeride 
on the inside. The body of the vessel was enclosed in a thermostat containing ice and water. 
Ultra-violet light, supplied by a straight-pattern mercury-vapour lamp, was switched on at 
intervals during the polymerisation of 385 mm. of formaldehyde, but no appreciable change 
in the rate could be observed. A water-cooled arc gave the same result. Further experiments 
carried out at lower pressures likewise gave no indication of photo-polymerisation; e.g., initial 
pressure of formaldehyde, 25-3 mm. at 0°; pressure after 1160 mins. in ultra-violet light, 
29-9 mm.; analysis showed that 5-9 mm. had polymerised, hence the 29-9 mm. left must have 
been composed of 8-9 mm. unchanged formaldehyde and 21 mm. of decomposition products, 
presumably hydrogen and carbon monoxide. These results do not altogether rule out the 
possibility of some photo-polymerisation occurring, since the rate is considerably greater than 
would be expected from the thermal data given below. The latter refer to surfaces of the 
polymeride, however, whereas the photo-experiments were carried out on clean quartz which 
gives a faster rate. It is evident, therefore, that there is practically no photo-polymerisation 
of formaldehyde at room temperatures, in agreement with the observations of Norrish and 
Kirkbride at 100° (J., 1932, 1518). 

When the surface of the vessel is clean and initially free from polymeride, the reaction 
proceeds rather rapidly for some minutes before attaining a reproducible rate. This is shown 
in the following tables. The unimolecular and bimolecular constants are calculated for each 
successive pair of figures from the equations ky, = (v X 2-3026/Aiés) log a/(a — x), ky = 
(v/Ats)%/a(a — x) where v is the volume of the reaction vessel, s its surface, and ¢ the time (in 
mins.). In Expt. 1, Table I, the reaction clearly becomes unimolecular after an initial rapid 
period. However, when the pressure decreases below 200 mm., the unimolecular constant 
decreases and the bimolecular constant holds; below 75 mm. this in turn falls away. The 
existence of the first of these three phases is masked in most of the other experiments carried 
out under the same conditions, by the prolongation of the initial acceleration, but the approxi- 
mate constancy of kp; down to about 70 mm. is apparent in all cases. 

When the walls of the vessel were already covered with polymeride from a previous experi- 
ment, no abnormally rapid rate was observed at the beginning, but rather a small induction 
period. Detailed study of this induction period was precluded owing to the varying times 
required for vaporisation of the formaldehyde, but it is hoped to obtain significant results 
with a modified apparatus. Measurements on polymeride surfaces are given in Table II: 
Runi again decreases rapidly when p falls below ca. 250 mm., while kp; holds from this region 
down to about 100 mm. Expts. 5, 6, and 7 were successive, the polymeride in Expt. 7 being 
the product of all three reactions. The data from these three experiments also show an 
appreciable decrease in the velocity of polymerisation with increasing thickness of deposit, 
amounting altogether to some 25%. 

In an analogous manner to Auerbach’s (/oc. cit.) «, B, y, and 8 polyoxymethylenes, the polyoxy- 
methylene obtained by direct polymerisation of the gas attains its vapour pressure equilibrium 
with extreme slowness. For instance, the apparatus was evacuated at the end of an experi- 
ment, and the polymeride kept at room temperature; after 52 hours a pressure of 1-8 mm. 
had developed, which increased to 2-5 mm. after 112 hours. This is in fairly good agreement 
with Auerbach’s y-polyoxymethylene, which attained 2:3 mm. after 72 hours and 2-5 mm. 
after 168 hours. Furthermore, when a system of polymeride and gas (120 mm.) was slowly 
heated during 3 hours, a position of equilibrium was reached at 89°. Below 89° the pressure 
decreased, but when this temperature was exceeded the pressure increased owing to 
depolymerisation. By analogy with Auerbach’s polyoxymethylenes, it is presumed that the 
vapour consists almost entirely of polymerised molecules. Hence, the pressure increase above 
89° is probably due to the liberation of large molecules by the solid and to the decomposition 
of these in the gas phase. However, the polymeride appears to undergo structural alteration 
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TABLE I. 
Polymerisation of formaldehyde on Pyrex glass. 
Roni Runi kv Runi Ros 


Rua 
‘ji fmm xe x tO. t. p,mm. x 104. x 10%. %j pmm xie®. x 10. 
Expt. 1. v= 50c.c.; s = 88cm.?; temp. = 23°. 





0 565°8 _— —_— 210 380°3 10°6 2°7 1320 87°6 5°4 4°7 
10 = 530°0 37°0 6°9 240 359°9 10°4 2°8 1500 771 4°0 49 
50 =. 491°6 10°7 2°1 310 = 3152 10°8 3°2 1710 = 70°4 2°5 3°5 
90 464-1 8-2 1-7 530 200°2 11°7 4°7 2730 8 47°7 2°2 3°8 

152 422°0 8:7 2°0 630 174°0 8°0 4°3 3210 43°5 ll 2°4 
180 = 402°1 9°8 2°4 720 155°0 73 4°5 
Expt.2. v= 50c.c.; s = 250cm.?; temp. = 23°. 

0 567°9 — — 270 119°5 6°4 51 690 59°3 2°8 3°8 

40 420°5 15-0 31 300 =109°7 5°7 50 1410 33°8 1°6 3°5 
100 272°2 14°5 43 330 =—.100°6 5°8 55 1920 =. 29°3 0°6 1-9 
150 =200°1 12°3 5°3 360 94°6 4°1 4:2 2130 26°3 10 3°7 
240 3=131°5 9°3 5°8 

v= 50c.c.; s = 500 cm.?; .= 18°5°, 

0 218°5 _— — 80 110°7 5°2 4°5 740 46°7 0°8 1°4 
20 162°0 15°0 8° 100 101°6 4°3 4°1 920 40°7 0°8 1°8 
40 137°8 81 5° 140 87°0 3°9 4:1 1280 §33°9 0°5 1°4 

122°8 58 4° 200 72°0 3°2 4°0 2180 31°9 0-1 0°2 

















v= 50c.c.; s = 500 cm.?; .= 17°3°. 

0 468°5 — — 30 =. 2883 12°6 4:1 60 212°9 8°8 3°9 

5 413°7 24°9 5°7 40 257°3 11°4 4°2 80 182°3 78 3°9 
10 =380°1 17°0 4°3 50 =-.232°4 10°2 4:2 100 = 160°1 6°5 3°8 
20 8 327°0 15°1 4°3 

TABLE II. 
Polymerisation of formaldehyde on Pyrex glass covered with polymeride. 
Rani Roi Rani Avi Runi Avi 

t. p,mm. xX 10% x10. ti. p,mm. xi10*% x 10% ¢. p,mm. x 10%. x 10% 

Expt. 5. v= 50c.c.; s= 500 cm.?; temp. = 19°. 

0 508°0 — —_— 50 —-275°7 10°9 3°8 180 =: 115°7 4°7 3°7 

5 479°7 11°5 2°3 60 249°9 9°8 3°7 200 =: 106°6 4:1 3°7 
10 447°3 14:0 3°0 80 =209°8 8°8 3°8 220 99°3 3°6 3°5 
20 391°7 13°2 3°2 100 =180°2 7°6 3°9 750 49°4 13 19 
30 345°7 12°5 3°4 120 157°4 68 4°0 760 49°0 0°38 17 
40 307°5 11°8 3°6 140 = 139°8 5°9 4°0 

Expt. 6. v= 50c.c.; s= 500 cm.?; temp. = 22°. 

0 501°3 — —_— 50 296°2 10°2 3°3 140 =158°2 5°0 3°0 
10 450°7 10°6 2°2 60 269°4 9°5 3°4 230 =—:112°3 3°8 2°9 
20 405°7 10°5 2°5 80 2283 83 3°3 290 100°4 19 1°8 
30 3643 10°8 2°8 100 =197°2 73 3°5 310 97°9 13 13 
40 328°0 10°5 3°0 120 =175°0 6-0 3°2 

Expt. 7. v= 50c.c.; s= 500 cm.?; temp. = 21°5°. 

0 4963 — — 40 3401 90 25 150 1698 43 2°4 
10 4503 98 2:1 50 3126 = 84 26 210 1414 3-1 2-0 
20 4087 = 97 2-3 60 2883 81 27 290 1080 3-4 27 
30 3722 8= 9-4 24 120 1931 67 29 360 947 19 1-9 


at higher temperatures. A specimen of polyoxymethylene prepared at 50° gave less than 
0-5 mm. of vapour in 4 hours at this temperature. When the temperature was raised to 85° 


the vapour pressure increased as follows : 


Depolymerisation of polyoxymethylene at 85°. 
6, MMR. bdescecceese 0 10 20 30 50 70 110 125 
2°5 3°5 4°8 6°2 78 9°7 11°9 12°6 
Polyoxymethylene prepared at 23° showed slightly higher vapour pressures at 65° and 80°, 
but after standing at the latter temperature for 17 hours its rate of vaporisation at 85° was 
considerably reduced : 


$, MEMB  sccecsccssences 0 10 20 30 300 600 
Ps TM, ccccerccccerssceve 0 0°3 0°7 13 6:2 84 
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The rate of depolymerisation did not show a sharp increase above 89° as did the freshly pre- 
pared material, and even at 100°, only 11-9 mm. of vapour were liberated in 12 hours. This 
slow change in the character of the polymeride with temperature makes measurements of the 
temperature coefficient of the reaction uncertain. Experiments at 0° and 50° suggest that this 
is quite small, but further work is necessary before it can be determined with accuracy. 

An interesting feature of the reaction is the form in which the polymeride is deposited on 
the walls of the vessel. Portions of the glass which had recently been heated to softening 
point were usually comparatively free from it, and in most cases the deposit was of uneven 
thickness. Localised growths or nodules were also observed, roughly spherical in form and 
frequently as much as 2 mm. in diameter. In some cases a nucleus of dust or foreign material 
in the glass was noticed, the polymeride evidently having grown out from this point with greatly 
increased velocity. 

DISCUSSION. 


Trautz and Ufer (Joc. cit.) give a scale diagram from which it has been possible to esti- 
mate the volume and internal surface of their reaction vessel. For purposes of comparison, 
the unimolecular and bimolecular constants have been calculated from their data in exactly 
the same way as in Tables I and II. 


Polymerisation of formaldehyde in a glass vessel. 
(Calculated from Trautz and Ufer’s data.) 
v = 1120 c.c.; s = 700 cm.?; temp. = 23°4°. 

27 57 

469°6 414-9 

37:1 66-2 

77 15-0 

They did not carry out any measurements below 240 mm., but their results show that 
the reaction is approximately unimolecular, at least down to 280 mm. _ Below this pressure 
there is an appreciable decrease in the value of k,,;, whereas k,, increases steadily up to 
280 mm. and then remains stationary. This behaviour is entirely analogous to that 
cited above. The greater absolute values of the constant must be attributed to a more 
active glass surface, since the author has observed equally high velocities in soft-glass 
vessels and in Pyrex vessels which contained mercury or other foreign material or had 
not previously been heated in a vacuum. 

Trautz and Ufer supposed that polymerisation took place on the surface, chiefly 
because the reaction appeared to be unimolecular. Although it is now evident that the 
process is not fundamentally unimolecular, the results indicate that it is entirely a surface 
phenomenon. Variations of extent of surface by a factor of six are accompanied by 
corresponding variations in the reaction velocity, while changes in the diameter of the 
vessel from about 14 mm. to 4 mm. do not appear to have any appreciable effect (see 
Tables I and II). Furthermore, the fact that reproducible results are only obtained after 
the formation of a deposit of polyoxymethylene, favours the view that the rate-determin- 
ing process does not occur on the surface of the glass but on that of the polymeride itself. 
However, this does not rule out the possibility that the glass surface affects the rate in- 
directly by influencing the activity of the polyoxymethylene. 

No definite conclusions can be drawn as to the significance of the invariable departure 
from unimolecularity, but a few important features are discussed. The deviation from 
unimolecular type occurs at various pressures in different vessels, but generally occurs 
between 200 mm. and 300 mm., the reaction becoming first bimolecular and then poly- 
molecular. Hence, it seems that the polymerisation is essentially a polymolecular reaction 
occurring either on the glass or on the polyoxymethylene surface. (i) In the former case, 
the gas would have to diffuse through a deposit of steadily increasing thickness, and if 
diffusion were rapid the course of the reaction would be independent of the thickness, 
whereas if it were slow, the velocity should be a function of the thickness; but if this view 
were correct, the reaction would be unimolecular at all pressures. Hence the slow decrease 
in velocity with increasing thickness of polymeride (Table II) must be attributed to some 
other cause, such as a reduction in the number of active centres. (ii) If it is assumed that 
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after the initial fast reaction on the glass surface, the reaction takes place entirely on the 
polyoxymethylene surface, it must also be supposed that the active properties of the glass 
surface are transmitted through the long thread-like molecules of polyoxymethylene 
(cf. Mie and Hengstenberg, Helv. Chim. Acta, 1928, 11, 1052; Staudinger, Annalen, 1929, 
474, 145), producing a polymeride surface of varying activity. The same effect could be 
achieved if the nature of the polyoxymethylene initially formed depended on the quality 
of the glass surface. In this way, the polymeride would be heterogeneous, each portion 
having a different heat of formation and a different energy of activation. 


SUMMARY. 


The polymerisation of gaseous formaldehyde in Pyrex-glass vessels at room temper- 
atures is a surface reaction, unimolecular at high pressures and polymolecular below 
200 mm.; it is not accelerated by ultra-violet light. 


THE UNIVERSITY, LEEDs. [Received, June 29th, 1933.] 





280. Notes on (a) a Case of Ketonic Activity of Acetic Anhydride, and 
(b) the Condensation of Salicylaldehyde with Benzoylacetone. 


By R. J. W. Le FéEvre and J. PEARSON. 


(a) By the action of anhydrous ferric chloride on acetophenone in acetic anhydride solution, 
Dilthey (J. pr. Chem., 1916, 94, 72) isolated a ferrichloride which he formulated as (I), but 
for which Schneider and Ross (Ber., 1922, 55, 2775) suggested the arrangement of groups 
shown in (II). The action of nitric acid on this compound supports the latter formula, for - 
the perchlorate obtained directly from (I), prepared by Dilthey’s method, gave by 


FeCl, nitration a mixture which on oxidation afforded some p-nitrobenzoic acid, there- 
Ph AO by indicating that in one of the phenyl] nuclei some #-nitration must have been 


| = effected. Comparison with previously recorded nitrations (e. g-, that of 2:4: 6- 
\Z 4 , ees perchlorate; J., 1932, 2894) shows that in (II) considerable 
Me (!.) p-substitution of the 4 -phenyl nucleus should occur, the 2-phenyl 
nucleus sal nitrated chiefly in the m-position. A salt of structure (I) would produce 
the 2 : 6-di-m-nitrophenyl derivative almost entirely (cf. J., 1929, 2771; 1930, 2236; and 
loc. cit.). 

The production of (II) in the above reaction is of interest, for the acetic anhydride does 
not act merely as a solvent but takes part in the reaction, since in its absence only un- 
changed materials and dypnone can be isolated. Replacement of acetic by benzoic an- 
hydride affords 2 : 4 : 6-triphenylpyrylium ferrichloride in low yield. In our view, there- 
fore, the course of the reaction producing (II) may be represented thus : 

Me-CO-OAc 


—> Ph-CO-CH:CPh:CH:CMe-OAc 





2Ph:*COMe —+> Ph-CO-CH:CPhMe 


FeCl, él | 
a a 
a» ar @ ) 
PhC7 “CMe Ph: _ CMe Ph‘CO (Me Cl 
CH CH CH CH CH 
qd) Vy mS VA VY 
CPh CPh CPh 


The alternative supposition, that benzoylacetone is produced as an intermediate during 
the preparation of (II), is unlikely, because no interaction could be observed when aceto- 
phenone and acetic anhydride were heated together for long periods. On the other hand, 
it is now shown that if benzoylacetone were producible in this way, it could give (II) 
readily by further reaction with 1 mol. of acetophenone. 

A previous case where acetic anhydride displays such ketonic activity is in its reaction 
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with acetone in the presence of sulphuric acid to give 2 : 6-dimethyl-y-pyrone (Phillippi 
and Seka, Ber., 1921, 54, 1089). 

(b) Pyrylium salt formation has been considered above and in previous papers as 
occurring by a process of co-ordination from a carbonyl oxygen to a carbon atom with an 
electron sextet. It should therefore occur more readily when a group repelling electrons 
(+ J) is attached to the carbonyl group, because then the lone electrons of the oxygen can 
be more readily shared with another nucleus. 

Thus during the ring-closure of «-benzoyl-o-hydroxystyryl methyl ketone (III) the 
dative bond can be established from either of the two carbonyl groups, (a) or (6). On the 
present hypothesis 3-benzoyl-2-methylpyrylium salts (IV) should be largely formed, since 
Me has a greater repulsive effect on electrons than has Ph. From salicylaldehyde and 

3 


X 


(2) oo 
Pe OM © Me = “9 \CH:CH-C.H,OH (0-) 
Y Ul 
(I1r.) (IV.) (V.) 
benzoylacetone, Chatterji and Ghosh (J., 1918, 113, 446) prepared substances which they 
described as the chlorides of (IV) and of 3-acetyl-2-phenylbenzopyrylium, but as they were 
unable to purify these products their analyses are inconclusive ; moreover, they failed to 
allot the two constitutions between their two compounds. 

We doubt, however, whether they actually handled the 3-benzoyl-2-methy] salts at all, 
for the following reasons. A methyl group in the 2-position in a pyrylium salt is known 
to be reactive (Dilthey, Heilbron, ef a/.). In accordance with this, we find that salicyl- 
aldehyde and methyl ethyl ketone condense to give 2-0-hydroxystyryl-3-methylbenzo- 
pyrylium salts even when the ketone is in large excess, thus showing that the aldehyde 
has reacted more rapidly with the 2-methyl group of the presumed intermediate 
2 : 3-dimethylbenzopyrylium salts than with methyl ethyl ketone. It therefore follows 
that any 3-benzoyl-2-methyl salt formed in Chatterji and Ghosh’s experiments would 
have further condensed with salicylaldehyde with production of a 2-o-hydroxystyry] salt. 

On repeating this condensation, exactly as prescribed by these authors, we obtained a 
brown chloride, m. p. 115—120° (contrast Chatterji and Ghosh), and thence an impure 
perchlorate, m. p. 135—140°, which was also produced in one stage by performing the 
condensation in presence of 70% perchloric acid. However, by doubling the proportion 
of salicylaldehyde, a 98% yield was obtained of a pure product, m. p. 221—222°, which 
raised the m. p. of the perchlorate obtained from Chatterji and Ghosh’s product. The 
compounds concerned are therefore salts of 3-benzoyl-2-0-hydroxystyrylbenzopyrylium (V), 
showing that the ring closure of (III) proceeds almost entirely in the way predicted, 7.c., 
first to (IV), and then rapidly to (V). 


EXPERIMENTAL. 


(a) Preparation of 4: 6-Diphenyl-2-methylpyrylium Perchlorate-——The corresponding. ferri- 
chloride ( 3 g.; prepared by Dilthey’s method, /oc. cit.) was dissolved in N-hydrochloric acid 
(600 c.c.) at 60° and filtered. The clear solution so obtained was slowly treated with aqueous 
perchloric acid (d 1-12; 50 c.c.), and the resulting bright yellow precipitate was filtered off and 
washed with a little dilute perchloric acid. MRecrystallisation from acetic acid (120 c.c.) and 
perchloric acid (5 c.c.) gave the perchlorate as a yellow microcrystalline powder, m. p. 265—266° 
(decomp.); yield, 1-3 g. (Found: C, 62-7; H, 4:7. C,,H,,0,Cl requires C, 62-3; H, 4-3%). 

Nitration. The perchlorate (1 g.) was added, in different experiments, to (i) fuming nitric 
acid, (ii) a mixture (1: 1 by vol.) of this acid with acid of d 1-42, and (iii) nitric acid (d 1-42)- 
sulphuric acid (5:1 by vol.), 30 c.c. being used in each case. The mixtures were set aside for 
various times, and then diluted at 0° with 30 c.c. each of glacial acetic acid and perchloric acid, 
followed by 60 c.c. of water. The yellow-white products were in all cases mixtures, m. p. ca. 
90—150°. 

The product from (i) after $ hour (about 1-1 g.) was oxidised by addition of potassium per- 
manganate (5 g.) to its suspension in 6N-sulphuric acid (50 c.c.) at 95°; after 10 mins. hot 
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water was added, the solution decolorised by sulphur dioxide, filtered, and cooled. A small 
quantity of p-nitrobenzoic acid, m. p. 230—233° (raised by admixture with the pure substance), 
was deposited, and a small further yield was obtained by concentration of the filtrate. 

Interaction between Acetophenone, Benzoic Anhydride, and Ferric Chloride ——A mixture of 
acetophenone (5 g.), benzoic anhydride (10 g.), and sublimed ferric chloride (5 g.) was heated at 
50° for 0-5hour. After standing at room temperature for 24 hours, the solid mass was repeatedly 
boiled out with alcohol, and about 1°5 g. of a yellow solid, m. p. 265—270°, remained. After 
crystallisation from much acetic acid, this ferrichloride had m. p. 272—274° (not depressed by 
admixture with 2 : 4: 6-triphenylpyrylium ferrichloride) (Found: Fe, 10-3. Calc.: Fe, 11-0%). 
A mixture of this salt with Dilthey’s “‘ 4-methyl-2 : 6-diphenylpyrylium ferrichloride ”’ of m. p. 
175° had m. p. 165—168°. 

Non-interaction of Acetophenone and Acetic Anhydride——A mixture of 15 c.c. of each reagent 
was kept at 100° for 8 hours. Extraction with excess of cold 2N-sodium hydroxide, followed 
by acidification with hydrochloric acid and addition of aqueous ferric chloride, produced no 
coloration. A blank with 0-01 g. of benzoylacetone dissolved in a similar mixture showed a 
good enolic colour with ferric chloride. 

Interaction of Acetophenone, Benzoylacetone, and Ferric Chloride.—A mixture of acetophenone 
(7-5 g.) with benzoylacetone (10 g.) was saturated with hydrogen chloride and left for 24 hours. 
The crystalline mass so formed was melted and stirred with sublimed ferric chloride (10 g.). 
After a further 24 hours, the dark mass was diluted with acetic acid—alcohol (1 : 1 by vol.) and 
filtered. The yellow crystals (5 g.; m. p. 175°) showed no m. p. depression when mixed with 
Dilthey’s ferrichloride (loc. cit.), and were evidently 4: 6-diphenyl-2-methylpyrylium ferri- 
chloride (Found : Cl, 32-1. Calc. for C,;,H,,OCl,Fe: Fe, 31-99%). As additional confirmation, 
the perchlorate, m. p. 265°, was prepared as described above. 

(b) Attempted Preparation of 2: 3-Dimethylbenzopyrylium Salis.—Salicylaldehyde (20-5 g.), 
methyl ethyl ketone (12 g.), and perchloric acid (70% ; 25 g.) were dissolved in dry ether (70 c.c.) 
and saturated with hydrogen chloride. The solution was left for 4 hours, filtered, and the 
residue dried. On crystallisation from acetic acid, the compound formed a microcrystalline 
powder, m. p. 261—262° (Dilthey, Berres, Hélterhoff, and Wubken, J. pr. Chem., 1926, 114, 179, 
record m. p. 257—258° for 2-o-hydroxystyryl-3-methylbenzopyrylium perchlorate) (Found : 
C, 59-6; H, 4:4. Calc. for C,,H,,0;,Cl; C, 51-1; H, 43%. Calc. for C,,H,,;0,Cl: C, 59-6; 
H, 4:2%). 

In a similar preparation, but without perchloric acid and with a smaller proportion of ether 
(50 c.c.), the solution turned red and deposited a large quantity of crystals. When the deposi- 
tion appeared to be complete, these were separated, washed with ether, and dried; in appearance 
they resembled bronze filings; m. p. 198—200° (De, J. Indian Chem. Soc., 1927, 4, 25, 137, 
describes 2-o-hydroxystyryl-3-methylbenzopyrylium chloride similarly, m. p. 200°), Addition 
of ferric chloride in acetic acid to a solution of this chloride in hot acetic acid gave on cooling 
red needles of a ferrichloride, m. p. 175—177° and 179—180° recrystallised (De, Joc. cit., records 
180°). 
The preparation was repeated with 20 g. of the aldehyde and 40 g. (3 mols.) of ketone; the 
solid which separated appeared as before, and had m. p. 180°, raised to 185—190° on ad- 
mixture with the foregoing chloride. 

Repetition of Chatterji and Ghosh’s Condensation.—Salicylaldehyde (1-22 g.) and benzoyl- 
acetone (1-62 g.), dissolved in excess of methyl alcohol, were cooled in a freezing mixture, and 
hydrogen chloride was passed infor 2hours. After standing for a few hours, the red solution was 
poured into dilute hydrochloric acid, and the brown solid collected and dried (1-75 g.), m. p. 
115—120° (shrinking). 

Perchlorate. The whole of the above solid was dissolved in boiling acetic acid, and dilute 
perchloric acid was added till no more precipitate was produced. The solution was then heated 
until all the solid was dissolved, cooled a little, separated from tar, and poured into an ice- 
cooled beaker (stirring); the resulting red-brown powder was collected and dried on a porous 
tile, m. p. 1835—140°; mixed with perchlorate of m. p. 220—222° (see below), it had m. p. 
155—165°. 

Condensation in Presence of Perchloric Acid.—(1) The above quantities of salicylaldehyde 
and benzoylacetone, together with 70% perchloric acid (1-5 g.), were dissolved in dry ether 
(10 c.c.), saturated with hydrogen chloride, and poured into dilute perchloric acid; the tarry 
mass which separated solidified on standing, and was then dissolved in hot acetic acid, 
to which hot dilute perchloric acid was added until a precipitate was produced. After cooling, 
the red solid was collected and dried in a vacuum over potassium hydroxide; m. p. 103—105°. 





1200 Ingham and Morrison: The Dissociation Constant of 


(2) With acetic acid as solvent, similar treatment afforded the same material, m. p. 107—~ 
110°. 
(3) Expt. 2 was repeated with twice the amount of salicylaldehyde. The solid was isolated 
by treatment with dilute perchloric acid, and crystallised as above, m. p. 220—222°; mixed 
with any of the above perchlorates, it caused an elevation of their m. p.’s; yield (calc. for sali- 
cylidene perchlorate) 98%. The thoroughly dried material was recrystallised from an ice- 
cooled beaker, and appeared as red-brown micro-prisms, m. p. 234—235° (shrinking) ; yield 
72% (Found: C, 65-8; H, 3-8. Calc. for C,,H,,0,Cl: C, 63-7; H, 3-8%. Cale. for 
C,,H,;0,Cl: C, 58-5; H, 3-7%). 

Conversion into the corresponding ,-base or spiropyran. The purified perchlorate (1 g.) 
was dissolved in a small quantity of hot acetic acid, and poured, with stirring, into excess 
2N-sodium hydroxide. After 24 hours, the precipitate was collected, but as it could not be 
recrystallised it was purified by dissolving it in a large quantity of alcohol, filtering the solu- 
tion, adding water, and boiling off the alcohol (Found : C, 80-6; H, 4:9. Calc. for C,,H,,0,: 
C, 81-8; H, 46%. Cale. for C,,H,,O,: C, 76-7; H, 53%). This yellowish-brown base could 
be reconverted into the initial perchlorate by treatment of its solution in concentrated hydro- 
chloric acid with dilute perchloric acid. 

[Received, December 23rd, 1932. 
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281. The Dissociation Constant of Hypochlorous Acid: Gilass-electrode 
Potential Determinations. 


By Joun W. INGHAM and JoHN MorrIsoON. 


THE glass electrode has been shown to function normally in solutions containing hypo- 
chlorous acid and hypochlorite ions (Davidson, Shirley Institute Memoirs, 1933, XII, 1) 
and it has been used to determine the dissociation constant of the acid by Davidson 
(loc. cit.), Britton and Dodd (Trans. Faraday Soc., 1933, 29, 537), and Yorston (Pulp and 
Paper Mag., Canada, 1931, 31, 374). The values obtained, with notes on the methods 
used, are : 

(1) Davidson: K’ (apparent dissociation constant) = 3-7 x 10°, fx: = 7-43, at 
18—20°, by titrations of 0-02N-solutions of sodium or calcium hypochlorite with 0-2N- 
hydrochloric acid, the solutions containing also other salts, chiefly chloride. 

(2) Britton and Dodd: K’ =3-2 x 10°, px =7-50 at 15°, by titrations of (a) 
0-027N-sodium hypochlorite with 0-25N-sulphuric acid, the solution containing an un- 
stated amount of sodium chloride, and (b) 0-063N-hypochlorous acid with 0-2N-sodium 
hydroxide. These authors also carried out titrations of the acid in the presence of known 
amounts of added sodium chloride and claimed that the neutral salt had negligible effect 
upon the dg values. 

(3) Yorston: K’ = 4 x 10°, by titrations of the acid with sodium hydroxide. This 
determination is an approximate one. XK’ and x’ here refer to the constant found by 
using the Henderson equation, px’ = pq — log [Salt]/[Acid]. 

These determinations, together with the work now described, dispose of the value 
found by Noyes and Wilson (J. Amer. Chem. Soc., 1922, 44, 1630), viz., K’ = 6-7 x 10° 
at 25°, based upon conductance measurements, and support those of Sand (Z. physikal. 
Chem., 1904, 48, 610), who found K’ = 3-7 x 10° at 17° from the solubility of carbon 
dioxide in hypochlorite solutions, and of Soper (J., 1924, 125, 2227), K’ =1 x 10°, 
from experiments upon the distillation of solutions of the acid and its sodium salt. 

This paper presents a more detailed study of the neutralisation curve of hypochlorous 
acid than is attempted by Britton and Dodd, and also deals with some important points 
in connexion with the use of glass electrodes. The effect of neutral salts upon the apparent 
dissociation constant is discussed. Table I gives the results of 10 experiments involving 8 
distinct preparations of the acid. Expts. 1—3B are titrations using 0-2N-sodium hydroxide, 
and col. 3 shows the concentration of sodium hypochlorite at the end-point of the electro- 
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metric titration. In Expt. 3B a known amount of nitric acid was added before titration. 
A more exact method of examination by means of separate mixtures of acid and alkali 
for each , determination was used in Expts. 4—8, the total hypochlorite concentration 
being kept constant in a given experiment at the value in col. 3. x (Mean) is the mean 
value for 11 stages of the neutralisation, from 5 to 95% as in Table II; px: at 50% neutral- 


isation is also given. 










TABLE I. 
PR’ PK’ PR’ K’ 

Expt. Temp. Concn, (mean). (50%). K’ x 108. Expt. Temp. Concn. (mean). (50%). K’ x 10%. 
1 16°5° 0-061 7°50 7°51 3°16 4 18° 0063 7°47 7°46 3°47 
1A 16°5 0-065 7°53 7°52 2°95 5 20 0:065 7°50 7°51 3°16 
2 12 0°06 7°48 7°50 3°24 6 20 0068 7°46 7°45 3°47 
3 17 =e 006 7°46 7°46 3°47 7 20 0067 7°49 7°49 3°24 
3B 17 0°05 7°42 7°42 3°80 8 18 0-071 7°47 7°45 3°47 





Expt. 8 is, for reasons given later, considered to be the most reliable, and the value 
px = 7-46 at 18° is adopted, giving K’= 3-47 x 10°. Table II contains the full series 
of values of px and fy for Expts. 8 and 3B. The theoretical , numbers from the 
Henderson equation and the data of Davidson are included for comparison. 








TABLE II. 






— H- K’. ; K’. 

Neutralisation, Pu. P (Expt. af Pm xot. 38) pu. PR’. 
, (Theory.) en en ae EE, (Davidson.) 

5 6°18 6°20 7°48 5°94 7°22 6°05 7°33 
10 6°51 6°53 7°48 6°30 7°25 6°43 7°38 
20 6°86 6°86 7°46 6°73 7°33 6°81 7°41 
30 7°09 711 7°48 6°98 7°35 7°05 7°42 
40 7°28 7°28 7°46 7°20 7°38 7°25 7°43 
50 7°46 7°45 7°45 7°42 7°42 7°43 7°43 
60 7°64 7°63 7°45 7°63 7°45 7°62 7°44 
70 7°83 7°84 7°47 7°84 7:47 7°80 7°43 
80 8-06 8°07 7°47 8-06 7°46 8°04 7°44 
90 8°41 8°42 7°47 8°42 7°47 8°40 7°45 
95 8°74 8°76 7°48 8°74 7°46 8°70 7°42 














The data in cols. 5—8 show the effects of neutral salts. Expts. 1 and 2 were the only 
ones with pure hypochlorous acid which gave substantial departure from the form of the 
curve of the Henderson equation, fy and #x- values in these cases being low in the first 
half of the neutralisation and high in the second half, the mean x: for the series agreeing 
closely with the mid-point value. This departure from the theoretical is also a feature 
of the results of Britton and Dodd. Britton and Robinson (Trans. Faraday Soc., 1932, 
27, 531) have shown that the glass electrode may give erroneous results near the inflexions 
of a titration, where the Jy is changing rapidly, the errors being in the direction which would 
explain the results under discussion, although they were actually found in titrations of 
strong acids and bases and not noted to persist into the regions of less rapid py change. 
It seems likely, however, that these errors may under some conditions spread into the 
better buffered regions, such factors as too rapid titration or sluggishness of an electrode 
due to films of grease or other adsorbed matter playing a part. 

Expts. 1, 1A, and 2 are not sufficiently reliable to give an accurate indication of the 
temperature coefficient of the constant. The high values of x: for Expts. 5 and 7 are 
explained by anomalies in the behaviour of a universal buffer mixture which were dis- 
covered after Expt. 7 had been completed. 

The calculated , at the end-point of a titration of hypochlorous acid is given by 
Pu = 0-5 (bx + Puy + log C), where C is the molar concentration of the partially hydrolysed 
salt and px, is the negative of the exponent of the ionic product of water. With 
Pky = 14-13 at 18°, the calculation for Expt. 8 (C = 0-071) gives py = 10-22, that observed 
being 10-20. 

_ The value of px (7-50) found by Britton and Dodd at 15° may be accurate, but it is 
difficult to account for the fact that these authors observed no lowering in the presence 
of 0-1N-sodium chloride. Morton (J., 1928, 1401) studied the effects of dilution and of 
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neutral salts upon the J, values of buffer mixtures, correlating his results by means of the 

equation x = px + Ar/u — B; px refers to the “true” dissociation constant, A is the 

constant of the Debye—Hiickel equations of interionic attraction, u is the ionic strength 

(Lewis), and B a specific constant for a salt. Cohn (J. Amer. Chem. Soc., 1927, 49, 173) 

and Cohn, Heyroth, and Menkin (idid., 1928, 50, 696) have used similar equations in the 

study of phosphate and acetate buffer systems. Table III gives the available data for 
hypochlorous acid, $x values being calculated with A = 0-5, and B = 0-295 for sodium 

chloride and B = 0-358 for sodium sulphate. It is assumed that the above value of B 

found by Morton for sodium chloride in acetate mixtures is approximately valid for the 

uni-univalent sodium salts in the hypochlorite solutions. The value for sodium sulphate 
is Morton’s figure for potassium sulphate in acetate mixtures (0-411) reduced by the 
difference between the corresponding figures for potassium chloride (0-348) and sodium 

chloride (0-295). 

TABLE III. 

Col. 1, total hypochlorite (acid + salt) at 50% neutralisation; col. 2, concentration of 
other salt or salts as indicated; col. 3, observed px; col. 4, observed lowering of f,-; 
col. 5, ionic strength, »; col. 6, calculated value of px, the true constant. 

Observer. . . 3. " 5. 

Authors, Expt. 8 . 7°46 0°0355 

» Expt. 3B . ‘025 NaNO, 7°42 , 0°0515 
Davidson , , NaCl + NaClO, 7°43 . 0°0505 
7°50 0-027 

NaCl 7°50 , 0°113 

NaCl 7°45 f 0°243 

Na,SO, 7°50 0-0325 
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It is seen that whereas the present authors’ data give results in substantial agreement 
with that of Davidson for the same temperature, yet there is not the same concordance in 
the px values for the lower temperature calculated on the same basis from the data of 
Britton and Dodd. If the figure 7-53 be accepted as the true fx at 18° (K = 2-95 x 10°), 
then that for 15° might be expected to be about 0-03—0-04 unit higher, 7.¢., fx = 7-57. 
The still higher value 7-63 cannot then be accepted. It should be noted, too, that the last 
value in col. 6 is obtained by neglecting the unknown amount of sodium chloride present, 
allowance for which would raise the calculated px. 


EXPERIMENTAL. 


Approx. 0-2M-solutions of hypochlorous acid were obtained by distilling, at 16—20 mm. 
on a water-bath at 50°, mixtures of 15 g. of bleaching powder, 25 g. of boric acid, and 400 c.c. 
of water, 250 c.c. of distillate being collected. Previous references to the method (Taylor and 
Bostock, J., 1912, 101, 45; Soper, J., 1924, 125, 1899; Allmand, Cunliffe, and Maddison, J., 
1925, 127, 826) do not give details of the purity of the product. The low pressures here used 
ensure a high degree of purity. The solutions contained no titratable boric acid, and blank 
distillations of this acid with water confirmed that it was not appreciably volatile under the 
conditions of these preparations. A sample of the hypochlorous acid shaken with mercuric 
oxide for 3 hours and then decanted showed its original iodometric titre unchanged, hence free 
chlorine was absent. An electrometric titration of a solution to which a known amount of 
nitric acid had been added gave the first inflexion at the exact point corresponding to the neutral- 
isation of the added acid, showing the absence of any titratable hydrochloric acid in the pre- 
paration, although silver nitrate gave an immediate slight opalescence. The hypochlorous 
acid was estimated by titrations with thiosulphate of the iodine liberated from potassium 
iodide in the presence of acetic acid. For some unexplained reason, the electrometric titrations 
always gave slightly higher end-points than those expected from the iodometric values, the 
maximum discrepancy being 0-5%. Since it would require a shift of 1% in the end-point to 
alter the mean px. of an experiment by 0-01 unit the discrepancies were neglected. The 
titration graphs (E.M.F. against c.c.) showed no indications of the presence of substances other 
than hypochlorous acid, and the end-points read from them were used in the calculations. 

The apparatus used for the electrometric titrations and py determinations is a valve potentio- 
meter of the Harrison type (J., 1930, 1528), as modified by Greville and MacLagan (Tvans. 
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Faraday Soc., 1931, 27, 210), and constructed essentially to their design, except that steel 
spring strips are used on the special switch and high-grade ebonite replaces Orca at the points 
requiring special insulation. The valve is a G.E.C. electrometer triode, run at H.T. 4 volts, 
G.B. —3 volts, the compensating current being taken at 24 volts through 150,000 ohms fixed and 
50,000 ohms variable resistances. A Cambridge and Paul potentiometer reading to 0-1 milli- 
volt and an Ayrton—Mather reflexion galvanometer having a sensitivity of 610 mm./microamp. 
are used. Morton (J., 1931, 2977) has criticised Greville and MacLagan’s estimate of the 
accuracy of their determinations, and has given a method of altering the circuit to a null- 
ballistic arrangement. It was not found necessary to do this (see also Greville and MacLagan, 
J., 1932, 720), as the instrument behaved extremely well, the zero drift being so small as to 
justify the use of an even more sensitive galvanometer. 
The cell used is : 


Hg|0°1N-KCl, HgCl (satd.) une on KCl ‘1N-KCl 
0-°05M-KH phthalate x (satd.)$HgCl (satd. ‘a 


the left hand side being positive when X has a py below about 4, and negative for higher values. 
At py 7 the voltage is about 0-2, assuring a high degree of accuracy in the readings of the 
potentiometer in the ranges principally concerned Fic. 1 

in this work. Britton and Robinson (loc. cit.) iy a’ 

and Britton and Dodd use the cell 


Pt|0°1N-HCl me « KCl 21:0N-KCl |Hg 
Quinhydrone (satd.))HgCl (satd.) 


in conjunction with a condenser charge and dis- 
charge method of measurement (Morton, J. Sci. 
Instr., 1930, 7, 187), readings of galvanometer 
deflexions being obtained which are not directly 
convertible into voltages. The first-named 
workers claim as an advantage of the system 
that about py 7 the deflexions pass through zero. 
This would not appear to be an advantage in 
work on hypochlorous acid, where the principal 
py range concerned is 6-5—8-5. 

The glass electrodes are of the recessed bulb 
(Kerridge) type, about 1-5 cm. diameter, the 
actual membrane having about half this diameter. 
Glass tubing supplied by Messrs. Dixon and Co., 
London, is used in making them. Fig. 1 shows 
a bulb with its associated apparatus. The vessel 
A is designed to hold 100 c.c., if desired, for 
titrations, though 25 c.c. suffice to cover the 
bulb of the electrode. A waxed cork carries 
electrode, thermometer, and bridge. A small 
vent hole is necessary when the new bridge shown is used, whilst for titrations a small waxed 
funnel serves for the introduction of reagent. Liquid junction is established to the 0-1N- 
potassium, chloride—calomel half-cell through an intermediate vessel of saturated potassium 
chloride, either, in titrations, by means of agar-agar (or gelatin)—potassium chloride bridge 
tubes, or, in the more accurate work with separate mixtures, by means of the new bridge. 
This bridge was designed to eliminate uncertainties due to the use of bridges containing gels, 
and at the same time to prevent contamination of the solution. Glass tubing, of about 4 mm. 
bore, was used in its construction. One limb was drawn out to give a tube of 1 mm. bore. 
The outer tube, fitted to this by the short rubber sleeve B, had two holes, C, D, of 1 mm. 
diameter, drilled in the side. For use, the U-tube is filled with saturated potassium chloride 
solution, the tap closed, and the outer tube fitted. The bridge is placed in situ when the liquid 
in A runs into the outer tube through the lower hole. The liquid levels are so adjusted that, 
when the tap is opened, potassium chloride runs out of the narrow tube and rises a short distance 
in the outer tube, lifting the liquid before it. Hydrostatic equilibrium is reached in a few 
seconds. With this arrangement a junction having a horizontal interface with the denser 
liquid lowermost is obtained, these conditions securing maximum permanency of the junction. 
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Shaking is permissible, the junction is reproducible, and no contamination of the solution 
occurs. Used with the hydrogen electrode also, the bridge gave a satisfactory performance. 

To ensure against electrical leakage from the side of the bulb connected to the grid of the 
valve, the stem of the glass electrode is continued for at least 2” above the cork of vessel 4. 
The half-cell with 0-1N-potassium chloride and 0-05M-potassium hydrogen phthalate, whose 
side tube dips into the same solution within the glass electrode, is held in an ebonite block 
supported in a stand resting on a 3” plate-glass slab 6” square. The lead from this half-cell 
to the highly insulated switch contact is air-spaced and shielded by an earthed brass tube. 
It was not found necessary to use complete screening round the cell, but the whole apparatus 
stands upon a ground screen of tin-plate and this is sufficient. Tests with standard buffers 
gave accuracy in p, determinations to 0-01 unit, and a series of such buffers covering the range 
Pu 4—10 gave a straight-line calibration graph within the limits of 0-02 unit. 

Most of the experiments were based upon calibrations with the Universal Buffer Mixture 
of Britton and Robinson (J., 1931, 1456), salts supplied by B.D.H. in tubes ready for making 
the stock solution being used. This preparation does not easily dissolve in the cold, and the 
solution requires the addition of a preservative (0-1 g. of thymol was used per litre) if it is 
to be kept for more than a day or two. 

Calibrations by titrations with approx. 0-2N-sodium hydroxide were at first employed 
together with gel bridges, but in later work a separate mixture was made up for each calibration 
point, and the new bridge was used. Tests with the hydrogen electrode showed that no 
significant differences were caused by the exchange of bridges. The calibrations gave straight- 
line graphs (E.M.F.—py) over the range of py, 4—10, with deviations above the latter point of 
the order found by other workers (e.g., MacInnes and Belcher, J. Amer. Chem. Soc., 1931, 
53, 3315). The electrodes had high efficiencies, the characteristic slopes for the straight-line 
portions of their graphs being 95—98% of the theoretical for the hydrogen electrode. In 
stable buffer solutions equilibrium was rapidly established, agitation of the vessel to mix the 
liquid and to equalise the temperature sufficing to bring the electrode to its proper potential. 

Shifts of the calibration graphs of a glass electrode from day to day are well known, and 
are allowed for by calibration immediately before use. Lateral shifts due to change of asym- 
metry potential may have superimposed upon them alterations of slope due either to change 
of the working temperature or to change in the efficiency of the electrode in terms of the hydro- 
gen electrode. The electrodes used in this work maintained their efficiencies to within 0-5% 
in successive calibrations over several weeks, except in one case where an electrode, originally 
showing 99% efficiency, fell after two calibrations to 97%, which was then maintained. The 
initial fall was not due to newness, since the electrode had been made up some time before the 
first calibration. Further work on the efficiencies of glass electrodes and on methods of cleaning 
and storing them is desirable. The calibration graphs of Britton and Robinson (Trans. Faraday 
Soc., loc. cit.) showing rotation around the mid-point near pg 7, seem, if they are assumed to 
refer to constant temperature, to indicate considerable changes in the efficiencies of their elec- 
trodes. In this connexion it may be noted that a temperature change of 3° is required to alter 
the slope factor by 1%, and that control to 0-5° ensures accuracy to 0-02 py unit over the range 
Pu 4—10 in the use of a calibration graph for subsequent determinations of unknown py, 
values. 

Certain unexpected shifts of calibration graphs (Expts. 6 and 7) were traced to changes 
occurring in the buffer solutions prepared from the stock universal buffer solution when such 
solutions made up at the commencement of the day’s work were used in successive calibrations 
at intervals during the day. These changes, involving falling pq values, were most rapid 
immediately after the solutions had been made; e.g., of three calibrations for Expt. 6, two before 
and one after the hypochlorous acid titration, the second and third were in fair agreement but 
showed a big shift from the first. Corrections based upon hydrogen-electrode measurements 
were therefore applied to the calibrations concerned. 

Investigations have shown that stock solutions prepared from tubes of salts supplied ready 
for use cannot be relied upon to give the ~q values recorded by Britton and Robinson in their 
original work upon the universal buffer mixture containing veronal. 

For the above reasons it was considered necessary to make an independent determination 
of the px of hypochlorous acid with other buffer solutions. Stock solutions of M/5-potassium 
hydrogen phthalate, M/5-potassium dihydrogen phosphate, and M/5-boric acid + potassium 
chloride were used to prepare a series of buffer solutions of pg 3—10, following the tables of 
Clark and Lubs (Clark, ‘‘ Determination of Hydrogen Ions,” 1928). These buffers checked by 
the hydrogen electrode were used in Expt. 8. 
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The potential determinations with hypochlorous acid gave no difficulty, equilibrium being 
rapidly established. An example of procedure is given : 

Expt. 8. Mixtures of 10 c.c. of 0-885N/5-hypochlorous acid, * c.c. of 0-777N/5-sodium 
hydroxide, with water from a burette to give a total volume of 25 c.c., were made up immediately 
before use. The calculated end-point (based upon iodometric value) being 11-40 c.c. of alkali, 
the values of x were 0, 0-5, 1-0, thence by 1 c.c. intervals to 10 c.c., then 10-5, 10-75, 11-0 and by 
0-1 c.c. intervals past the end-point to 12 c.c., i.e., 23 mixtures in all. The electrode and vessel 
were washed and drained, the liquid introduced, and the temperature adjusted; the bridge 
being brought into action, the reading could be taken within a minute or two. The electrometric 
end-point was 11-45 c.c. 


The authors thank Professor Slater Price, who suggested the investigation, for his great 
interest, also Mr. H. M. McLean for assistance in preliminary work. 
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282. The Nitration of Aceto-a-naphthalide, and the Preparation of 2- and 
4-Nitro-1-naphthylamines. 
By HERBERT H. HopGson and JOHN WALKER. 


VARIATION of the amounts of nitric acid and acetic anhydride in Hodgson and Kilner’s 
method (J., 1924, 125, 807), modified by omission of sulphuric acid, only slightly affected 
the optimum total yield of mixed 2- and 4-nitroaceto-a-naphthalides (83-5%), whilst 
differences of nitration procedure, ¢.g., use of nitric acid alone (87% yield), or copper 
nitrate with acetic anhydride (86%), or diacetylorthonitric acid (82°), did not appreciably 
alter the ratio of 2- to 4-nitro-l-naphthylamine ultimately obtained. The simplest pro- 
cedure, use of nitric acid alone, appears to afford the best yield with highest quality of 
product, and the method of isolation now described renders 2- and 4-nitro-l-naphthyl- 
amines readily available for the first time. 

Among previous methods, that of Morgan and Micklethwait (J., 1905, 87, 928) is stated 
to give more satisfactory results than that of Lellmann and Remy (Ber., 1886, 19, 797 ; 1887, 
20, 892), but it is tedious for separating large quantities. Superheated steam has now 
been found to remove the slowly volatile 2-nitro-l-naphthylamine from its mixture with 
the 4-nitro-isomeride, but a still more simple and rapid procedure depends on the ease with 
which the latter forms a stable salt when hydrogen chloride is passed through a solution 
of the mixed isomerides in a dry solvent such as benzene or nitrobenzene; the hydro- 
chloride of 4-nitro-l-naphthylamine is completely precipitated, and that of the 2-nitro- 
compound is only slightly precipitated after prolonged passage of the gas. The latter 
product rapidly evolves hydrogen chloride on exposure to the atmosphere, reverting to 
the amine. When, however, concentrated sulphuric acid is shaken with a nitrobenzene 
or glacial acetic acid solution of 2-nitro-l-naphthylamine, the more stable sulphate is 
precipitated, from which the base is readily obtained by trituration with water. 

In order to ascertain whether Lellmann and Remy’s double compound of 2- and 
4-nitroaceto-«-naphthalides (/oc. cit., m. p. 171°) has a real existence, the accompanying 
freezing-point diagram was plotted from determinations on 5—10 g. of material; it 
indicates the formation, not only of an equimolecular compound at the maximum F, but 
also of a metastable eutectic at O. The curve BFC was obtained from mixtures of the 
double compound with the 2- and the 4-nitroaceto-«-naphthalide separately. The 
freezing-point diagram for mixtures of 2-nitro-l-naphthol and -l-naphthylamine does not 
indicate a double compound, although the products readily crystallise together in equi- 
molecular proportion. 

EXPERIMENTAL. 

Nitration of Aceto-a-naphthalide.—(a) In glacial acetic acid containing acetic anhydride. The 
optimum conditions were obtained when a-naphthylamine (60 g.) was heated (20 mins.) on the 
water-bath with acetic anhydride (55 c.c.) and glacial acetic acid (400 c.c.), the solution 
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cooled, and nitric acid (10 c.c.; d 1-42) added in one portion at 22°, a further 19 c.c. being run 
in gradually during 15 mins. at 15—20°; by this device, crystallisation of the aceto-«-naphth- 
alide was prevented, and stirring difficulties avoided. When all the nitric acid had been used, 
the solution was quite clear, but continued agitation produced crystallisation which was com- 
pleted during 20 hours. The mother-liquor, after removal of the crystals, was diluted with 
water, thereby precipitating the remainder of the 4-nitroaceto-«-naphthalide. 

(b) In nitric acid only. Aceto-a-naphthalide (60 g.) was added gradually to nitric acid 
(400 c.c.; d 1-42) at 5—10°; at the outset, the nitrated naphthalide passed into solution, but 
at about the half-way stage the mixed products began to separate. After a further 30 mins.’ 
shaking, the mixture was stirred into water (1 litre) and a bright yellow precipitate was obtained, 
only mononitration having occurred. 

Hydrolysis of the Mixed 2- and 4-Nitroaceto-a-naphthalides.—The mixture (80 g.) was refluxed 
with a solution of ethyl alcohol (250 c.c.) and sulphuric acid (250 c.c.; 50%), complete 
hydrolysis occurring in 8 hours; the free amines were precipitated by addition of water. 
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Freezing-point diagram for mixtures of 2- and 4-nitroaceto-a-naphthalides. 





Separation of the Isomerides.—(a) By superheated steam at 160°. Pure 2-nitro-1-naphthyl- 
amine distilled at the rate of 1 g. per litre of condensed water. 

(b) By salt formation. The solution in nitrobenzene (7 g. per 100 c.c.) was treated with dry 
hydrogen chloride until a thick paste was formed and fuming began. 4-Nitro-l-naphthyl- 
amine hydrochloride separated quantitatively, and was filtered off, washed successively with 
nitrobenzene, the washings being added to the filtrate, and benzene (to remove nitrobenzene), 
dried, and converted into the base by trituration with water. The filtrate was then treated 
with concentrated sulphuric acid (1 c.c. acid per 70 c.c. nitrobenzene), and the 2-nitro-1-naphthyl- 
amine sulphate which separated was filtered off, washed successively with nitrobenzene and 
benzene, dried, and basified by water. The quantitative results were as follows : 

Yield of nitro-a-naphthylamine, °%,. 
_ = . Total olp 
Mode of nitration. 2-Nitro-. 4-Nitro-. yield, %. Ratio. 
In glacial acetic acid a —- Ay poe 69°5 0°44 
,, Nitric acid (d 1-42) 20°2 55-0 75:2 0°37 
With Cu(NO,), and Ac,O " 22-0 50°0 72-0 0°44 
diacetylorthonitric acid 21-0 52°5 73°5 0°40 





The hydrochloride of the 4-nitro-isomeride can be obtained by using benzene or similar 
solvents, and also by shaking these solutions with concentrated hydrochloric acid, showing that 
the water present does not hydrolyse the salt; in the latter case, subsequent manipulation is 
more tedious and glacial acetic acid is then the best solvent to employ; after treatment of the 
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mixed nitroamines (50 g.) in the acid (500 c.c.) with concentrated hydrochloric acid (33 c.c.) 
and removal of the precipitate (m. p. of crude 4-nitro-l-naphthylamine, 190°), the 2-nitro-1- 
naphthylamine can be obtained from the filtrate by addition of water; separation via the 
sulphate, however, is more efficient. 

2-Nitro-1-naphthylamine crystallised from 90% formic acid in orange-yellow prisms, m. p. 
143—144° (Found: N, 14-9. Calc.: N, 14:9%). 4-Nitro-l-naphthylamine, crystallised as 
above, was obtained in bright yellow needles, m. p. 193—194° (Morgan and Micklethwait, 
loc. cit., give m. p. 191—192°) (Found : N, 14-88%). 

Preparation of 2- and 4-Nitroaceto-«-naphthalides.—Whereas the 4-nitro-isomeride was 
readily obtained by the action of acetic anhydride on the amine in glacial acetic acid solution, 
the 2-nitro-compound was best prepared by partial hydrolysis of Lellmann and Remy’s double 
compound (Ber., 1886, 19, 797), their procedure being modified as follows : The double com- 
pound, dissolved in ethyl alcohol (20 g. per 250 c.c.), was treated hot with concentrated aqueous 
sodium hydroxide solution equivalent to all the double compound taken (instead of half this 
quantity; L. and R., doc. cit.) and then kept for 36 hours. Since the nitroaceto-«-naphthalides 
are much more soluble in aqueous ethyl-alcoholic sodium hydroxide than in ethyl alcohol alone, 
sufficient alkali was present after the hydrolysis of the 4-nitro-product to prevent the co- 
precipitation of the 2-nitroaceto-«-naphthalide. Under the above conditions complete 
hydrolysis of the 4-nitroaceto-a-naphthalide occurred, whilst the 2-nitro-isomeride remained 
unchanged. 

An alternative procedure was to dilute the mixture after hydrolysis as above, and 
dissolve the dried precipitate of 4-nitro-l-naphthylamine and 2-nitroaceto-a-naphthalide in 
hot glacial acetic acid (1 g. per 10 c.c.), subsequently adding 1 c.c. of concentrated hydrochloric 
acid per 10 c.c. of acetic acid; the 4-nitro-l-naphthylamine thereby precipitated was filtered 
off, and the filtrate, after dilution with water, treated with sufficient sodium nitrite to diazotise 
the small amount of residual amine present. The precipitate of crude 2-nitroaceto-«-naphth- 
alide (m. p. 190—195°) had m. p. 199—200° after one crystallisation from glacial acetic acid, 
and the respective products were obtained in total yield equivalent to 93% of the double com- * 
pound taken. Both the 4-nitroaceto-x-naphthalide and the double compound gave a pro- 
nounced orange colour with concentrated sulphuric acid, whereas the 2-nitro-isomeride gave 


a pale yellow. 
The authors thank the Imperial Chemical Industries Ltd. (Dyestuffs Group) for their 
various gifts. 
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283. The Conductivity of Tetramethylammonium Salts in Methyl and 
Ethyl Alcohol. 


By T. H. Meap, O. L. HuGues, and (Sir) HARoLD HARTLEY. 


TuE systematic study by Walden and his co-workers (Walden and Ulich, ‘‘ Uber die Beweg- 
lichkeit der elektrolytischen Ionen,” Fortschritte der Chemie, 1926) of the tetrasubstituted 
ammonium salts, and particularly of tetraethylammonium salts, in various organic liquids 
has yielded much interesting information as to the state of electrolytes in different solvents. 
The ready solubility of these salts in solvents both of high and of low dielectric constant 
and of different chemical types has made it possible to study the effect of the properties of 
the solvent on the behaviour of dissolved electrolytes over a much wider range than would 
be possible with inorganic salts. In addition, the tetracthylammonium and similar ions 
have a special interest in view of their comparatively large size and their symmetrical 
character. Walden has shown that in organic solvents the ionic mobility of the tetraethyl- 
ammonium ion is approximately proportional to the fluidity of the solvent, indicating that 
it must be mainly unsolvated in solution. In hydroxylic solvents, in which the mobility 
of the tetraethylammonium ion is exceptionally high as compared with other ions, its salts 
show the largest deviations from the Debye—Hiickel-Onsager theory, whilst in non- 
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hydroxylic solvents, on the other hand, where this ion has a relatively slow velocity, the 
behaviour of its salts agrees closely with theory. The salts of tetramethylammonium 
have not hitherto been studied in the same detail, and the experiments now described 
were made with the object of comparing the behaviour of corresponding salts of the two 
ions in methyl and ethyl alcohol. 

Previous Work.—Walden (Bull. Acad. Imp., St. Petersburg, 1913, 427, 559) measured 
the conductivities of three tetramethylammonium salts in methyl alcohol. 


Salt Iodide Nitrate Thiocyanate 
131 
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Later measurements (Walden, Ulich, and Laun, Z. physikal. Chem., 1925, 114, 275) with 
the chloride gave the following results : 


Ao: Mobility of cation. 
Be TE IE cisisccseccesscsesnsises 117-0 65°5 
go CERES CECOTGE osccnsscccccsesiscscssccces 50°6 29°4 
EXPERIMENTAL. 


Preparation of Materials.—Solvents. Methyl alcohol was prepared by the method of 
Hartley and Raikes (J., 1925, 127, 524), and ethyl alcohol by that of Copley, Murray-Rust, and 
Hartley (J., 1930, 2492). 

Salts.—All the salts were prepared from a sample of tetramethylammonium bromide sup- 
plied by Messrs. Harrington. This was first recrystallised from methyl alcohol. Difficulty 
was anticipated in separating the salt from compounds of related bases, such as ammonium 
and tetraethylammonium, on account of the possible existence of mixed crystals. Specimens 
of tetramethylammonium bromide to which the salts of the other two bases had been added 
were recrystallised twice from methyl alcohol and then analysed by weight titration with silver 
nitrate. The results are the mean values of three concordant analyses : 


Br, % (40°1%) (Calc. : 51°90%). 


Onigimal galt  ...scccccccocccccccevvcccccccsesccccesccsccccccesoessoces 51°78 
” + 5% ammonium bromide .................0006 51°60 
a + 10% tetraethylammonium bromide ...... 51°73 


Recrystallisation from methyl alcohol thus appears to free tetramethylammonium bromide 
from the salts of similar bases but it retained a small amount of impurity. It was thought that 
this would have a smaller effect on the mobility of the tetramethylammonium ion than the 
probable error in extrapolating to infinite dilution. Except in the case of the thiocyanate, the 
second series of conductivity determinations in methyl alcohol was carried out with samples 
of salt which had been crystallised once more than those used for the first series; the two series 
are concordant. A platinum centrifuge was used to free crystals from mother-liquor as 
completely as possible, and filtration was carried out in Jena all-glass filters. 

Hydroxide. A solution of this base was prepared by the interaction of recrystallised 
bromide and excess of carefully washed silver oxide. The reaction was complete after 3 hours’ 
stirring at 40—50°. The filtered solution was kept in a stoppered flask of hard Jena glass, 
and from it the chloride, iodide, picrate, and thiocyanate were prepared. 

Chloride. The pure synthetic hydrochloric acid of commerce was diluted to d 1-1 and dis- 
tilled in an all-glass still. The middle fraction was neutralised with a portion of the hydroxide 
solution, and the mixture concentrated and cooled. Three crops of crystals thus obtained 
were united and dried at 100°. Some of the crude chloride was crystallised from hot methyl 
alcohol by adding acetone and cooling. A second specimen was obtained by precipitation of the 
salt from methyl alcohol solution by adding acetone, followed by crystallisation from methyl 
alcohol and acetone. The salt was dried at 70° in a vacuum over phosphoric oxide. 

Iodide. Iodine, purified by the method of Baxter (J. Amer. Chem. Soc., 1904, 26, 1577), was 
reduced by hydrogen sulphide, the solution boiled to expel excess of gas, and then filtered from 
sulphur. The final solution of hydriodic acid was distilled in a current of hydrogen in an all- 
glass still. The middle fraction was collected separately. Immediately before neutralisation 
with the hydroxide solution, the acid was warmed with finely divided electrolytic silver and 
filtered through glass to remove a trace of free iodine. The neutral solution of iodide was 
concentrated, and the resulting crystals recrystallised from water. A second specimen was 
obtained bv a further crystallisation from methyl alcohol. The salt always remained pure 
white. It was dried as for the chloride. 
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‘'” Perchlorate. Berk’s pure perchloric acid was diluted and neutralised with the hydroxide 
solution, an excess of acid being avoided. The salt was crystallised from water, and a second 
specimen obtained by another recrystallisation.from water; they were dried at 100° in the 
electric oven. 

Picrate. Poulenc’s picric acid was crystallised twice from benzene. After removal of 
solvent of crystallisation, the acid was crystallised from ethyl alcohol, and then had a very pale 
yellow colour. It was neutralised with hot hydroxide solution, and the salt crystallised from 
water. A second specimen was obtained by crystallisation of this from methyl alcohol. The 
salt darkens when dried at 100°, but the pale yellow colour is restored on cooling. One specimen 
was dried at 70° in the vacuum oven, and the other at 100°. 

Thiocyanate. This salt is apt to decompose while drying unless the thiocyanic acid is pure. 
The latter was prepared by distilling a solution of A.R. potassium thiocyanate with phosphoric 
acid in an atmosphere of hydrogen at 12 mm. The condenser was cooled with ice-water, and 
water was added slowly to the contents of the still during the distillation to prevent the con- 
centration rising above 5%. Rubber was avoided, as it produces a red coloration in the thio- 
cyanic acid. The first runnings contained about 1% of acid and were rejected. No hydrogen 
sulphide or hydrogen cyanide could be detected in the first runnings or in the major portion 
of the distillate. The latter was redistilled into the hydroxide solution, after the rejection of 
first runnings. When the base had been neutralised, the distillation was stopped and the 
solution of the thiocyanate evaporated. The salt was recrystallised from ethyl alcohol, and 
dried either in a vacuum oven at 70° or in an electric oven at 100°. 

Nitrate. Silver nitrate was recrystallised from dilute nitric acid and then from methyl 
alcohol after being dried at 150°. A solution of the purified salt was precipitated with a solution 
containing a slight excess of tetramethylammonium bromide. After filtration, the solution 
was evaporated. The salt was recrystallised from ethyl alcohol, and another specimen was 
submitted to a second crystallisation. The salt was dried at 100°. 

Procedure.—All solutions were made up by weight, and the weights were corrected to vacuum - 
standard. Concentrations are expressed in g.-mols. per 1000 c.c. of solution. The measure- 
ments of conductivity were made by Murray-Rust and Hartley’s method (Proc. Roy. Soc., 1929, 
A, 126, 84) in a thermostat at 25-00° + 0-01°; in the case of those with the picrate in ethyl 
alcohol, which only gives an approximately 0-0025N-solution, it was necessary to make with- 
drawals from the cell in order that sufficient solution could be added. Two cells were employed, 
the constants, viz., 0-03408, and 0-03826,, being verified several times during the investigation. 
In every case the conductivity of the pure solvent was subtracted from that of the solution. 
The values of A, were plotted against vc, and the lines were extrapolated on that basis to 
give values of Ay. In the most dilute solutions, 7.e., in the neighbourhood of 0-0001N, 
there was a marked falling-off in the conductivity from the value demanded by the square-root 
relation, so that it seemed probable that the values of A, given by the straight-line extrapolation 
were too high. In addition to these extrapolations, curved extrapolations were also made, 
the curve being tangential to the slope calculated from the Debye—Hiickel-Onsager equation 
where it cut the c = 0 axis. 

Results.—The results are set out in tabular form. At the head of each table are given Ag, 
the conductivity at infinite solution, and x, the slope of the conductivity curve. Col. 1 shows 
the values of c x 104, where c is the concentration; col. 2 the values of A,; and col. 3 the 
differences between the observed values of A, and those calculated from the equation 


Ace = Ag — xVc. The values of «x, the specific conductivity of the solvent in reciprocal 
megohms, are given with each series. 


In Methyl Alcohol. 


Tetramethylammonium chloride. Ag = 121°7; + = 337. 


c x 104. Aes Diff. c xX 104. Ae. Diff. 

11553 «117-938 = — 0°17 12863 117-94 +0°04 

22680 11657 —0-08 23945 11654 +003 

_ 42528 114-78  +0-00 _* 44896 11467 +0-03 
«= 0°036 4 7.6968  112°35 —0-07 x = 0°030 ) 7.5753 11243 —0-05 
95535 111°34 +002 10°353 11098 +010 

12:5035 10977 —0-04 14155 10903 + —0-02 


* MeOH + 0°143% H,O 14:142 108-78 
* See p. 1214. 











« = 0°056. 


Ae. 
122°38 
121-14 
119°49 
117°29 
115°83 
114°36 


Ae. 
129°19 
127°76 
126°29 
125°17 
123-72 
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Tetramethylammonium bromide. A, = 126°3; + = 363. 
x = 0°065. x = 0°081. 

c & 104, ree Diff. c x 104. Ae. Diff. c x 104. 
10080 12238 —0o-29 09479 12252 —O31 0°9575 
18837 12122 —Oll 18736 12117 —0-16 1:8683 
37790 11927 +001 36299 119°41 -40-00 3°5657 
77541 11616 —0-05 66763 11639 +005 6°1756 

10-290 11470 +005 96491 11510 —0-09 82516 
13°122 11325 +009 12-666 11339 —0-24 10°773 

Tetramethylammonium iodide. A, = 133-0; + = 393. 
cx 104. Ae. Diff. c x 104. 
1/1771 128-48 —030 0°7205 
20670  127°24 = —O15 1:6616 
_ a.noo9 } 3°8047 12538 +001 — 2-9029 
«= 0°022 4 52416 12409 +0-05 x = 0°033 4 4.9302 
72845 12240 +0-02 56422 
10-006 120°70 +009 81093 


Tetramethylammonium perchlorate. 


MeOH + 0°151% H,O- 8°1014 
= 141'2; * = 460. 


06015 13756  —0-07 0-49120 
10369 13654 +0-02 0-9720 
a 16745 13536 +011 1-7294 
x= 0°040 45.3155 13428  +0-08 = 0°033 4 9.3113 
32065 13304 +008 3°3185 
46435 131°03 0-26 4°7490 
MeOH + 0:148% H,O 46392 —«:130°52 


1°1486 113°24 +0°00 0°80096 
2°1182 112-07 +0°07 1°5011 
a 3°8611 110°46 +0°10 2°4100 
«= 0°033 4 6.4349 10847 0°04 x = 0°048 4 3.6691 
8°8933 107°16 +0°09 4°9970 
12°435 105°31 -+-0°00 7°0448 
MeOH + 0°165°; H,O 7:0369 
Tetramethylammonium thiocyanate. Ag = 131°8; * = 384. 
1:0697 127°71 —0°09 2°6593 
2°0628 126°25 —0°0l1 4°9535 
x ~<0038 | 36056 12457 40°10 x = 0°042 4 7-0953 
F 5°9020 122°40 —0°04 9°4716 
7°9264 121-00 +0°03 12°119 
11515 118°75 +000 MeOH +0°210% H,O 12-103 
Tetramethylammonium nitrate. A, = 130°2; + = 370. 
11677 126-06 —0°04 12101 
2°3202 124°54 —O1l 2°3537 
— 4°4561 122°45 +0°18 a" 4°4073 
c= 0015 4 Gogg2 1291:13 +025 “= 90384 6.6954 
8°4544 119°40 +0°08 8°9270 
12-114 117°32 +0°13 12°2895 
MeOH + 0: 197% H,O 12-096 116°87 


Tetramethylammonium picrate. 


Ay = 116-7; x = 323. 


In Ethyl Alcohol. 


c x 104. Ae Diff. cx 10. 
18297 48°47 — 0°06 1-1467 
3°2286 47°14 —0°03 2°5185 

x = 0°010 6°1383 45°00 —0°08 x = 0°023 4°7697 

| 9°9488 42°97 — 0°03 T1717 
12-738 41°76 +0°04 10°447 
Tetramethylammonium bromide. Ag = 55°10; x = 338. 
«= 0°011. x = 0°009. 

c x 104, Ae. Diff. c x 104, he. Diff. c x 104. 
0°9856 51°59 —0°13 1-1160 51-41 —0-09 1-2394 
1:9966 50°28 —0°01 2°2955 49°97 +0°02 2°3364 
3°6034 48°65 —0°01 4°3052 48°08 +0°02 4°4568 
5°4701 47°15 —0°02 6°4199 46°47 —0°04 6°5820 
77015 45°66 — 0°03 8°6005 45°15 —0°0l 9°2309 

10°626 44°07 +0°02 11-776 43°54 +0°07 





Tetramethylammonium chloride. 


Ag = 52°68; x« = 307. 


121°77 
121-40 


137°75 
136-63 
135°13 
134°18 
132°83 
130°85 


113-71 
112-70 
111-68 
110°52 
109°50 
107°99 
107°49 


125-42 
123°17 
121°45 
119°83 
118-29 
117°67 


126-00 
124-48 
122-45 
120°41 
119°03 
117°07 


Ac. 
49°42 
47°91 
46°05 
44°52 
42°82 


x = 0°010. 


51-24 
49°92 
47°93 
46°37 
44°81 





Diff. 
—0°47 
—0°20 
+0°04 
+0°01 
—0°04 
—0°03 


Diff. 
—0°50 
—0°21 
—0°07 
—0°01 
—0°01 
—0°07 


—0°23 
—0°04 
—0°02 
— 0°03 
+0°01 
—0°33 


—0-10 
— 0°04 
—0-01 
+0°00 
+0°02 
—014 


+0-01 
— 0°06 
—0°09 
—0°12 
—O1l 


—0°10 
—0°01 
+0°06 
—0°18 
—0°07 
—0'1l 


Diff. 
+0°02 
+0°10 
+0:10 
+0°06 
+0°06 


Diff. 

—0-07 
+0°02 
—0-01 
—0-03 
+0°01 
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Tetramethylammonium picrate. A, = 55°63; x = 282. 

c x 104. Ae. Diff. c xX 104, Ac. Diff. 
0°3061 53°90 —0°17 01010 54°80 +0°06 
1°1515 52°65 +0°04 0°1905 53°96 —0°42 
1°6143 52°10 +0°04 0°3545 53°58 —0°36 
2°1669 51°55 +0°06 0°6430 53°30 — 0°06 
3°0917 50°74 +0°07 1:0866 52°71 +0°02 
3°9476 50°07 +0°04 « = 0°010 4 1°5252 52°14 —0°01 

2°1167 51°52 —0°01 

3°0912 50°63 —0°04 

41461 49°82 —0°07 

5°0687 49°16 —O11 

.7°2270 47°95 —0:09 





Tetramethylammonium thiocyanate. A, = 58°45; x« = 340. 
0°7322 55°46 —0°08 0°7588 55°37 —0°12 
1°4835 54°38 +0°07 14478 54°35 —0°01 
3°0706 52°57 +0°08 — 0-008 4 2°9956 52°61 +0°05 
5°5732 50°43 +0°00 —— 4:8289 50°98 +0°00 
81671 48°73 +0°00 6°9327 49°48 —0-02 
10°8173 47°32 +0°05 9°3814 48°00 —0°04 
Tetramethylammonium nitrate. A, = 56°85; * = 325. 
0°6995 53°84 —0°21 0°6916 53°94 —0°30 
[ 1-3987 52°93 +0°11 1-4178 53°09 —0°08 
3°0710 51°13 +011 2°8603 51°46 —0°04 
5°1380 49°43 0°03 5°0293 49°60 —0°06 
7°1706 48°07 7°6967 47°83 —0°07 
9°8599 46°57 , 10°7960 46°20 —0°07 


DISCUSSION OF RESULTs. 


Values of Ag and Mobility of the Tetramethylammonium Ion in Methyl Alcohol.—It will 
be seen (Fig. 1) that if the values of A- are plotted against ~/c, in three cases the experi- 
mental points do not lie on a straight line in the dilute range, and in the case of the per- 
chlorate, which has the largest deviation from the theoretical slope, the points lie on a 
curve over the whole range of concentration examined. The cause of the curvature of 
the lines, which increases with the deviation from theoretical behaviour, is presumably 
ionic association, which decreases with the dilution. Hence it is reasonable to assume 
that the conductivity curves become tangential to the line of theoretical slope at infinite 
dilution. Values for Ag are given in Table I, obtained by linear extrapolation neglecting 
the most dilute points, and also by a curved extrapolation taking these points into account. 
It will be seen that agreement is rather better between the values obtained by the latter 
method. The average value for the mobility is 70-6 from a linear extrapolation, and 70-1 
if the values for the curved extrapolation for the bromide, iodide, and perchlorate are 
taken into account. The latter value has been taken as the most probable. The tetra- 
ethylammonium and ammonium ions have mobilities of 62-0 and 57-9 respectively 
(Unmack, Bullock, Murray-Rust, and Hartley, Proc. Roy. Soc., 1931, A, 132, 427), and 
with the exception of the hydrion the tetramethylammonium ion is the fastest cation in 
methyl alcohol. 
; TABLE I. 

Linear extrapolation. Curved extrapolation. Linear extrapolation. 
Salt. Ao- lon Mes’ Ao: lox Mey" Salt. Ao: lone,’ 


Chloride 121°7 70°4 = — Picrate 116°7 70°0 
Bromide , 70°8 125°4 69°9 Thiocyanate .... 131°7 70°7 
Iodide . 72°0 131°6 70°6 Nitrate 130°2 69°8 
Perchlorate ‘ 70°3 140°3 69°4 


Values of Ag and Mobility of the Tetramethylammonium Ion in Ethyl Alcohol.—In this 
case (Fig. 2) the chloride is the only salt that does not show appreciable curvature of the 
conductivity curve in the dilute range. Table II gives values for Ag and for the mobility 
of the tetramethylammonium ion obtained by linear and curved extrapolation as in 
methyl alcohol. Here again the agreement between the values of /9.,, is better for 
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those obtained by the latter method. The average value for the mobility is 28-9 by linear 
extrapolation and 28-3 by a curved extrapolation. The value of the mobility of the tetra- 
ethylammonium ion by a linear extrapolation is 28-4, and of the ammonium ion 19-2 
(Barak and Hartley, Z. physikal. Chem., in the press) so that in ethyl alcohol the 
tetramethylammonium ion is only slightly faster than the tetraethylammonium ion. 
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Meg 2 
100 
0:07 0-02 0-03 0:04 
A Concentration 
TABLE II. 
Linear extrapolation. Curved extrapolation. 
CRTIRS viscccccccesccveccnesveccseces 52°7 28°4 — — 
MTD eiescecossscudowevesccsesccces 55°1 29°3 54°4 28°6 
POONER ccpecsicrsvevcescdesessneaeyesees 55°6 28°8 55-0 28:2 
Thiocyamate  .......sseeeeeeeeeeeeees 58°4 29°2 57°6 28°4 
EE chainencivivnssunectintsesisiceys 56°9 28°8 56°2 28°1 


Deviations from the Debye-Hiickel-Onsager Theory.—The Onsager equation for methyl 
and ethyl alcohols is respectively : 


Ae = Ag — (0-957Ag + 158-1) 
and Ac = Ay — (1-44Ay + 91-9)Vc 


Table III contains the value of Ay for the salts investigated in both solvents, and the 
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corresponding values for A, the percentage deviation from the above equation, defined 
as A = 100 (xops. — cate) /%eate» Where x is the constant in the equation A; = Ay — *Vc. 
These values of x are obtained from the straight line drawn through the points in the more 
concentrated range. This is an arbitrary choice, but it is justifiable to compare the values 
of x which are all obtained in the same way. Positive values of A imply the presence of 


association between the ions. 








Fic. 2. 
Ethyl-alcoholic solution. 
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4 
0-01 0-02 0:03 0-04 
Concentration 
TABLE III. 
Methyl alcohol. Ethyl alcohol. Methyl alcohol. Ethyl alcohol. 
Salt. Ao. A. Ao- A. Salt. Ag: A. Ag. A. 
Chloride ...... 121°7 23 52°7 85 Picrate sce 116-7 18 55°0 65 
Bromide ...... 125°4 30 54°4 100 Thiocyanate 131°7 35 57°6 95 
Iodide ......... 131°6 38 — — Nitrate ...... 130°2 31 56°2 90 


Perchlorate ... 140°3 57 


In methyl alcohol the deviations are larger in each case than those for the correspond- 
ing tetraethylammonium salts, which have a lower conductivity, and it will be seen that 
the deviation is greatest in the case of salts with the largest values of Ay. This 
qualitative relation between the values of Ay and A is in agreement with Bjerrum’s [Kgl. 
Danske Videnskabs. Selsk. Math.-fys. Medd., 1926, 7, (9), 1] theory that ionic association 
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is more likely to take place with ions of small radius, 7.e., of high mobility. In ethyl alcohol 
also the values of A are larger than those for the corresponding tetraethylammonium salts, 
but apart from this, the qualitative relation between the values of Ay and A which exists for 
a number of series of salts in both alcohols is absent. 

Walden’s Rule.—Walden (Forischritie der Chemie, 1926) found that the product Jy, 
where 7» is the viscosity, is approximately constant for large organic ions in a variety of 
solvents, and this is generally assumed to be evidence that these ions are not solvated. 
However, as he has since pointed out (Walden and Birr, Z. physikal. Chem., 1932, 140, 327), 
the tetramethylammonium ion appears to be an exception to the rule in water and 
methyl alcohol, the product J) being higher than in other solvents. He suggests that this 
is due to the action of the small unsolvated ions of tetramethylammonium in bringing 
about a local decrease in the macroscopic viscosity of the solvent in liquids like water 
and methyl alcohol, which contain a large proportion of associated molecules. Walden’s 
mean value for the product /5y for the tetramethylammonium ion in other solvents is 0-317, 
in contrast to methyl and ethyl alcohol in which it has the values 0-382 and 0-305 
respectively, the deviations from the mean value being greater in the former than the 
latter alcohol. 

Addition of Water—Ulich (Z. angew. Chem., 1928, 41, 1141) pointed out that the 
effect of a small addition of water upon the conductivity of a salt in a non-aqueous 
solvent should give valuable information as to the state of that salt in solution. The 
only property which is greatly affected by such addition is the viscosity, and one would 
expect that, for a completely dissociated salt, the fall in conductivity would be pro- 
portional to the rise in viscosity. The effects observed when 0-15% of water is added to 
the following solutions in methyl alcohol are : 


Chloride Iodide Perchlorate Picrate Thiocyanate Nitrate 
Change produced, % .........++. — 0°24 —0°30 —0°39 — 0°42 —0°37 —0°29 


The change in viscosity is + 0-60%. The fact that the diminutions observed are smaller 


than expected is probably due to the size of the ion being smaller in water than in methyl 
alcohol, as Hughes and Hartley (Phil. Mag., 1933, 15, 610) have suggested. 


SUMMARY. 


1. The electrical conductivities of seven tetramethylammonium salts have been deter- 
mined in methyl alcohol at 25° over the range 0-0001N—0-0015N. Similar measurements 
have been made for five of these salts in ethyl alcohol. 

2. The mobility of the tetramethylammonium ion is 70-1 in methyl and 28-3 in ethyl 
alcohol. 

3. The deviations of the tetramethylammonium salts from the Debye—Hiickel-Onsager 
equation are considerable in both alcohols, indicating appreciable ionic association, and 
in both they are greater than those of the corresponding tetraethylammonium salts. 


We thank Mr. D. M. Murray-Rust and Mr. N. L. Ross Kane for assistance in the experimental 
work. 
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284. Studies in Emulsions. Part I. 
By JoserpH B. Parke and HuGcu GRAHAM. 


In the examination of emulsions prepared by adding water to certain oil-soap mixtures, 
abrupt changes in viscosities were observed. These changes were so marked that they 
were studied in detail and comparisons made with other oil-soap mixtures. 

The following systems have been compared: (a) Benzene-sodium oleate—water; 
(b) tetrahydronaphthalene-sodium oleate—water ; (c) benzene—sulphonated fish oil-sodium 
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Part I. 


hydroxide-water; (d) tetrahydronaphthalene-sulphonated fish oil-sodium hydroxide- 
water. 

On the one hand, when sodium oleate was used as the emulsifier, regular changes in 
viscosities on dilution with water were observed; and on the other hand, with the fish- 
oil soap as the emulsifier, the changes were abrupt. The viscosities of the different series 
of emulsions have been determined, and these correlated with their type as determined 
by the electrical conductance method. Photomicrographs and microscopic examination 
of some members of the series have yielded information which supports the conclusions 
drawn as to the nature of the emulsions examined, 
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EXPERIMENTAL. 

(a) Benzene—Sodium Oleate-Water Emulsions.—The emulsions were prepared by shaking 
450 c.c. of A.R. benzene containing 4-6385 g. of oleic acid with 50 c.c. of an aqueous solution 
of 0-6573 g. of sodium hydroxide. The mixture was shaken intermittently (Briggs, J. Physical 
Chem., 1920, 24, 120) (1-minute intervals) until complete emulsification had taken place. The 


Fic. 1. Fic. 2. 
Benzene—sodium oleate—water. T etrahydronaphthalene—sodium oleate—water. 
2800 





(poises 
™ 


Viscosity, centipoises. 
~ 


Viscosity, cent 
2 5 
8 S 


S 


0 
20 40 60 j 0 20 40 : 
% Water present in emulsion % Water in emulsion. 





density of this emulsion containing 90% (by vol.) of benzene was then determined, and other 
concentrations were obtained by adding suitable quantities of water to weighed amounts of 
it. This procedure was rendered necessary by the high viscosity of the original emulsion. 
50 C.c. of each concentration were prepared in 2-0z. glass-stoppered bottles, and after having 
been shaken for one hour, they were kept at rest for 4 days in a thermostat. Creaming took 
place upwards in all emulsions except those containing 80% and 90% of benzene, and this 
made accurate viscosity determinations somewhat difficult. Immediately before it was 
required, each bottle was removed from the thermostat and slowly turned end-over-end ten 
times. The viscometer, which had already been placed in the thermostat, was filled with 
emulsion by means of a long capillary tube with a wide end. The results are shown in the 
following table : 


Original + added water, % .....+.seseeeee 10 20 30 40 50 60 70 80 90 
i CIE seicrsciscectcusconsernsvnwecenis 2130 200 478 152 68 376 240 1:38 1:13 


The curve obtained by plotting these results (Fig. 1) showed no irregularities, and when 
the type of each emulsion of the series was investigated by the electrical-resistance and the 
drop-dilution method it was found that all were of the oil-in-water type. Similar series of 
emulsions stabilised by potassium and ammonium oleates and potassium and sodium stearates 
were investigated, and in each case a curve very similar to Fig. 1 was obtained. 
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The falling-sphere viscometer was used in the determination of the viscosity of the emulsion 
containing 90% of benzene. Since the passage of the sphere through the emulsion could 
not be observed in the usual way, it was necessary to use a modification of the special electrical 
viscometer devised by Symmes and Lantz (Ind. Eng. Chem., Anal., 1929, 1, 35). The viscosities 
of all other members of the series were investigated by means of a set of four Ostwald U-tube 
viscometers, constructed in accordance with the specification of the British Engineering 
Standards Association (Pub. No. 188, 1929). All viscosity measurements were carried out at 
20°. 

(b) Tetrahydronaphthalene-—Sodium Oleate-Water Emulsions.—These emulsions were pre- 
pared in exactly the same manner as those in series (a), purified tetrahydronaphthalene being 
used instead of benzene. Owing to the similarity in the densities of tetrahydronaphthalene 
and water, creaming took place very slowly in these emulsions, and they were thus very suit- 
able for viscosity determinations. The results are shown below and also graphically in Fig. 2. 


Original +- added water, % _ .....+..+.e+00s 10 20 30 40 50 60 70 80 §=6.90 
Gp GOANGEATS — coccceccccescccccsccocscescoessos 2650 2800 41:9 153 705 3°75 250 165 1:26 


The emulsions were all of the oil-in-water type. Microscopic investigation, by means 
of a dark-ground illuminator, revealed that each member of the series contained globules of 
many different diameters, but in no case was an emulsion of a multiple nature observed. 
Plate I shows a photomicrograph of the emulsion containing 90% of water. This emulsion, 
which is typical of the series, was chosen because it was found that, as the concentration of 
disperse phase was increased, it became increasingly difficult to obtain a satisfactory photo- 
graph owing to the scattering of light by the globules. The viscosity of the emulsions con- 
taining 10% of water was, as in series (a), obtained by means of the falling-sphere method. 

(c) Benzene—Liquid Soap—Alkali-Water Emulsions.—500 C.c. of A.R. benzene were shaken 
with 100 c.c. of fish-oil soap and 12-5 c.c. of a 30% solution of sodium hydroxide were run in. 
After it had been thoroughly shaken, separate portions of this mixture were measured into 
glass-stoppered bottles of 2-0z. capacity, by means of a burette. Various amounts of water 
were then added to each bottle, a range of emulsions containing 0, 10, etc., % of added water 
being obtained. The bottles were shaken for 1 hour, and then kept at rest for 7 days in a 
thermostat at 20°. The viscosity of each member of the series was then determined after 
homogeneity had been obtained as in series (a). The concentrations of the various members 
of the series, together with their viscosities, are shown in the following table : 


Added water, % ..c.cccccrcceee 0 10 20 25 27°5 30 35 40 
mM, CENIPOISES «2... eee eeeeeeeee 2°90 5°16 7°88 24°8 733 323 138 78°6 
Added water, % .......eeeeeeee 45 50 55 60 70 80 90 
Bo COMPIPONSES «2.0. .cccccccccccce 52°5 30°0 14°6 8°73 3°97 2°33 1°24 

The curve obtained by graphing the % of added water against the viscosity is shown in 
Fig. 3. 


The type of each member of the series was investigated by the electrical-conductance and 
the drop-dilution method. The results obtained from both methods indicated a change of 
type after 25% of water had been added. 

Microscopic examination revealed that the emulsions containing 20 and 25% of added 
water were of a multiple type. The globules of the disperse phase (water) contained smaller 
globules of the continuous phase (oil). The emulsions containing from 27-5 to 55% of added 
water were also of a dual type. Multiple emulsions had previously been observed by Seifriz 
(J. Physical Chem., 1925, 29, 738), who investigated the effects of various electrolytes on 
emulsion stability. Plate II shows a photomicrograph of the emulsion containing 25% of 
added water. 

(d) Tetrahydronaphthalene—Liquid Soap—Alkali-Water Emulsions.—This series of emulsions 
was prepared as in the last case, purified tetrahydronaphthalene being substituted for benzene. 
The viscosity of each member of the series is given below : 


Added water, % .........sseee 0 10 20 25 27°5 30 35 40 
m, centipoises  ..........seeeeeee 970 132 21-9 34°6 28°0 498 363 212 
Added water, % ........seeeeee 45 50 55 60 70 80 90 

m, centipoises  .............-006 54°1 31-4 22°8 18°5 5°22 2°64 138 


Each member of the series was examined under the microscope, and it was found that the 
emulsions containing from 20 to 60% of added water were of a multiple type. The globules 
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Part VII. 1217 
in the emulsion containing 90% of added water were relatively large, but as the percentage of 
water decreased the globules became smaller until the emulsion containing 35% of added 
water was reached, and this contained a tightly packed mass of small multiple globules of 
practically uniform diameter. 
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Fic. 3. Fic. 4. 
Benzene-liquid soap—alkali—water. Tetrahydronaphthalene—liquid soap-alkali-water. 
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Discussion of Results —The abrupt changes in viscosity observed when emulsions 
stabilised by certain fish-oil soaps are mixed with increasing amounts of water have been 
proved to be due to a change of type. The break after 60% of water had been added in 
the viscosity—concentration graph in the case of the tetrahydronaphthalene—liquid soap- 
alkali-water emulsions is obviously due to the formation of multiple emulsions at this 
point. The inclusion of globules of continuous phase within those of the disperse phase 
has the effect of increasing the volume of the latter phase present and hence the viscosity 
of the emulsion. 


We are greatly indebted to Professor Stewart for his interest in the work described and 
for many valuable suggestions. One of us (J. B. P.) gratefully acknowledges the award of a 
Musgrave Studentship by the Queen’s University, Belfast. 


THE QUEEN’s UNIVERSITY, BELFAST. [Received, June 30th, 1933.] 





285. Studies in Solvent Action. Part VII. Rotatory Power of Ethyl 
Tartrate in Relation to the Solvent, Concentration, Degree of 
Association, and Temperature. 

By H. Gorpon Rue, Mary M. Barnett, and (in part) JAMEs P. CUNNINGHAM. 


A COMPREHENSIVE survey of the existing data bearing upon the rotatory power of an 
optically active compound in solution was made nearly 30 years ago by Walden (Ber., 
1905, 38, 390), who suggested that the solvent exerts a two-fold influence, depending 
partly upon its power of modifying the degree of association of the solute molecules with 
one another, and partly upon some unknown constitutive property of the medium. 
Unfortunately, the evidence then available appeared to be inconclusive and contradictory, 
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and the enormous mass of experimental work published since that date has served only 
to render the issue still more obscure. 

Strong support for Walden’s views has, however, been advanced in the previous 
communications of this series (compare this vol., p. 376), in which the constitutive property 
in question is identified with the polar character of the solvent, 7.e., with the nature and 
arrangement of the dipoles in the molecule. By employing optically active solutes which 
do not undergo appreciable self-association in dilute solution, and using, as a further 
simplification, solvents which are all monosubstituted derivatives of the same hydrocarbon, 
it is found that the rotatory powers tend to vary sympathetically with the dipole moments 
of the solvents. This relationship has been interpreted on the assumption that the 
greater the polarity of the solvent, the greater is the tendency for the solute and solvent 
molecules to enter into association with, or at least to assume a definite orientation 
towards, one another. In general, such a departure from an entirely random arrange- 
ment of the molecules will lead to a diminution of the field exerted by the dipoles in the 
optically active molecule and so reduce their contribution to the total rotation. 

Additional confirmation of this mechanism has been gained by examining various 
active compounds at increasing concentrations in a non-polar solvent. As was to be 
expected on the above hypothesis, the change in optical activity was then found to be in 
the same direction as that observed when a fixed low concentration was employed and 
the polarity of the solvent was increased. The optical displacement thus occurs in the 
same sense whether the altered conditions result in the active molecules becoming increas- 
ingly oriented towards each other, or whether the greater degree of orientation is exhibited 
by the active molecules towards those of the polar solvent. 

In the event of the optically active compounds having a marked_ tendency towards 
self-association, it is obvious that a simple relationship between the polarity of the solvent 
and the rotatory power of the solution will no longer obtain. With such compounds 
a high degree of molecular orientation (solute-solute type) may occur in non-polar media 
as well as in those of a highly polar nature (solute—solvent type), leading to similar effects 
upon the optical rotation. In this case, divergent properties appear to be shown by 
solvents of zero or low polarity, which are relatively ineffective in dissociating the com- 
plexes of the active molecules, and hence yield solutions resembling in their optical 
properties those given by more strongly polar solvents. An example of this kind was 
found in §-nitro-octane (loc. cit.), which exhibits low rotations, not only in the homo- 
geneous state and in nitrobenzene solution, but also when dissolved in hexane, 1.¢., under 
conditions in which it is highly associated with itself or with the solvent. In benzene 
solution the rotation rose at low concentrations as the degree of association fell off, whilst 
comparatively high values were observed in the weakly polar anisole. 

This communication deals with the behaviour of the more accessible ethyl tartrate. 
This ester has probably formed the subject of more detailed researches than any other 
optically active compound, and the discussion is therefore limited to an examination of 
the optical changes for a fixed wave-length in relation to the polarity of the solvent and 
the concentration and degree of association of the solute. Even so, much of this ground 
has been exhaustively investigated by earlier workers, more particularly by Patterson 
and his collaborators, with whose results the present data are in general agreement. The 
rotatory powers observed at a concentration of c = 5 for solvents of the benzene group 
are given in Table I, and the influence of changing concentration is shown diagram- 
matically in Fig. 1. 

TABLE I. 
Molecular Rotations of Ethyl Tartrate dissolved in Benzene Derivatives (c = 5,1 = 4, t = 20°). 
pw Xx 1018, Solvent. [M Tite 

0 + 21-8° 

1-16 , + 23:0 

0°4 ° 67°9 

0 

1°25 


For the homogeneous ester [M]iqq. = + 16°25°. 
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From the table, it is evident that a general relationship exists between the rotatory 
power of the solution and the polarity of the solvent, such that the dextrorotation rises 
as the dipole moment increases. Anisole and benzaldehyde give somewhat exceptional 
values, the rotation in the former being lower, and in the latter higher, than that corre- 
sponding to the position of the solvent in the polar scale. 

More information as to the influence of solvents is obtained by reference to Fig. 1. 
The changes illustrated may be interpreted in terms of the variations which take place in 
the electrical environment of the active molecules. At low concentrations in benzene, 
toluene, and mesitylene, the solute molecules exist for the greater part independently, 
separated from one another by the non-polar medium. The low rotatory powers observed 
under such conditions can therefore be regarded as approaching that of the individual 
ethyl tartrate molecule at the temperature employed. As the concentration of the com- 
pound in these solutions is raised, more and more of the tartrate molecules tend at any 
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Fic. 1. 
Molecular rotation of ethyl tartrate in solution. 
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given moment to be in spatial proximity, and thus to assume a definite orientation 
towards one another. This change in environment is accompanied by an increase in the 
dextrorotation, which eventually rises to the value for the comparatively strongly 
associated homogeneous ester. 

The passage from the pure ester to a dilute solution in a highly polar solvent such as 
nitrobenzene similarly represents a progressive change in the same direction and corre- 
sponds to a further continuous rise in the rotatory power. 

For various reasons, however, the ester molecules in dilute solution in benzene, toluene, 
or mesitylene cannot be considered to be in a state of entirely random orientation. Sup- 
port for this view may be found, not only in the slope of the mesitylene curve, which 
still falls rapidly at low concentrations, but also in the various molecular-weight deter- 
minations which are recorded in the literature for ethyl tartrate in benzene. A very 
complete investigation of the latter point was made by Patterson (J., 1902, 81, 1111), 
who obtained values by the cryoscopic method ranging from 210 at c = 0-4 g./100 g. to 
344 at c = 8. Although the lowest figure approximates to the theoretical (206), it is to 
be noted that the experimental values rise sharply and continuously from this point, and 
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it may be inferred that, even at the highest dilutions at which it is practicable to determine 
the rotatory powers, the ester molecules are not free from mutual interaction.* It may 
therefore be concluded that the optical rotation of the ester dissolved in the aromatic 
hydrocarbons has suffered a displacement in the dextrorotatory sense owing to the mutual 
orientation of the solute molecules, thus suggesting one reason for the higher values 
obtained in these media than in the weakly polar anisole at extreme dilutions. Further 
support for this view is discussed later in connexion with the behaviour of aliphatic 
solvents. ‘ 

An exact comparison between the less polar solvents is complicated by the incidence of 
maxima and minima in the rotation—concentration diagrams. Irregularities of this kind + 
have already been shown to exist for benzene and toluene solutions by Patterson 
(tbid., p. 1099). As may be seen in Fig. 1, the maximum, which is not traceable at all in 
mesitylene, first becomes visible at the left-hand end of the toluene curve, and shows some- 
what more definitely in that of benzene. With the weakly polar solvent anisole, it is 
displaced further to the right and can be followed over practically the whole of its course. 
The displacement of the maximum to the right thus increases with the dielectric constant 
of the solvent as we pass from toluene to anisole, and disappears altogether in more polar 
media. Owing, apparently, to the magnitude of the maximum in anisole solution, the 
curve at higher concentrations is in this case elevated above that for chlorobenzene, 
despite the greater dipole moment of the latter solvent. Attention may be drawn to the 
fact that, apart from minor irregularities due to the presence of maxima and minima, the 
change of rotation which occurs when the concentration of the ester is raised in a non-polar 
solvent is in the same direction as that observed when a low concentration is employed and the 
polarity of the medium is increased. The behaviour of ethyl tartrate thus falls into line 
with that of various other optically active compounds discussed in Part VI of this series 
(this vol., p. 376). 

In keeping with its high dipole moment, benzaldehyde yields strongly dextrorotatory 
solutions. The displacement of this solvent in Table I above the still more polar nitro- 
benzene and benzonitrile may possibly be due to the secondary effect of co-ordination 
between the keto-group of the aldehyde and the hydroxyl groups of the ester. 

The rotatory powers of the ester in a number of aliphatic solvents have previously 
been determined over a wide range of concentration by other investigators (cf. Patterson 
and co-workers, J., 1901, 79, 167; 1902, 81, 1097; 1905, 87, 313; 1908, 93, 355). Rota- 
tions are small, and solvent influences complicated by the existence of maxima and minima. 
Moreover, in some solvents, notably hexane and carbon disulphide, the low solubilities 
only permit determinations to be made at high dilutions. The comparison in Table II 
has therefore been limited to low concentrations. 

In general, the arrangement in Table II resembles that for the aromatic group, the 
tendency being for the less polar solvents to form solutions of lower dextrorotation, with 
in some cases a reversal in sign. Nitromethane and acetonitrile give more highly dextro- 
rotatory solutions. From the present standpoint, however, the chief interest centres in 
the behaviour of the non-polar solvents carbon tetrachloride, carbon disulphide, and 
hexane. Since the active solute is a hydroxy-ester, it was expected that in these solvents 
it would prove to be appreciably associated and exhibit rotatory powers of intermediate 
magnitudes (cf. Part VI, Joc. cit.). Both anticipations are borne out by experiment. 
Estimations of the molecular weight of the dissolved ester have now been made by the 
ebullioscopic method using the Menzies—Wright apparatus (J. Amer. Chem. Soc., 1921, 48, 
2309, 2315). No difficulty was experienced in obtaining repeatable values in carbon 
tetrachloride and carbon disulphide to within 2—4%. Hexane proved less satisfactory 
as a solvent (cf. Hantzsch, Ber., 1907, 40, 1560) and slightly larger variations were found 
in this case, although all the values were higher than those for the above two solvents at 


* Patterson, however, regarded the values as indicating normal molecular weight at low concen- 


trations (loc. cit.). 
t /-Menthyl salicylate in hexane solution behaves in a similar manner (Rule and Dunbar, unpub- 


lished). The property appears to be characteristic of many hydroxy-derivatives. 
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TABLE II. 


Molecular Rotatory Powers of Ethyl Tartrate in Simple Aliphatic Solvents 
(c =5,1 =4, t = 20°). 

Solvent. pe X 1038, [M] sa61- M (ebullioscopic method). 
1:10 235—235 (c, 2°2—9°9); Walden.® 
1°61 ; 

115 
0 

_ 1:60 
0 
1°4 


204—227 (c, 1:07—2-62); see Fig. 2. 
271—447 (c, 2:11—8°51); see Fig. 2. 


+4++111 


274—345 (c, 0°53—3°27) ; see Fig. 2. 


0 
3°78 ( 
: ; 189—199 (c, 3°1—14°4) 3 
164 199-197 (c, 3-11_-11'8) } Patterson. 
3°05 
2 ¢ = 0°494. 
% Patterson and Thomson, Ber., 1907, 40, 1252; Walden, Ber., 1906, 39, 666. 
4 For methyl tartrate (M, 178) in CH,°CN, Walden (loc. cit.) finds M, 207—193 for c, 2°52—10°1. 
5 This rotation value was confirmed by measurements extending over the range ¢ = 1°9—71°2. 


Fic. 2. 
Molecular weight of ethyl tartrate in solution. 
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corresponding concentrations. The results are shown in Fig. 2, the range of concentration 
being limited with carbon tetrachloride by the length of the differential thermometer 
employed, and with hexane by the low solubility of the ester. In each solvent the ester 
is comparatively strongly associated even at low concentrations, the extent being greatest 
in hexane (b. p. 67°) and least in carbon tetrachloride (b. p. 76°). The correction of these 
values to 20°—at which temperature the optical rotations were determined—would raise 
them in each case, and in view of the disparity between the boiling points, would probably 
accentuate the high degree of association in hexane relative to carbon disulphide. It may 
thus be concluded that the abnormally high rotatory powers recorded for such solutions in 
Table II (also in the order CgH,, >CS, >CCl,) are a direct outcome of the orientation 
of the solute molecules in the non-polar media. In strong contrast to these molecular- 
weight values are those found by Patterson (loc. cit.) for ethyl tartrate in methyl alcohol 
and in chloroform. These weakly polar solvents apparently dissociate the ester complexes 
completely up to moderate concentrations, and the molecular-weight values exhibit little 
or no variation over a comparatively wide range. The corresponding rotatory powers 
are therefore characteristic of the individual ester molecule in an environment of solvent 
molecules, a state of affairs which does not hold for hexane, carbon disulphide, or carbon 
tetrachloride. Incidentally, the molecular-weight values obtained by Patterson for the 
4L 
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ester in benzene at 80° range from 213 at c = 1-36 to 249 at c = 6-28. The figures thus 
increase somewhat less rapidly than those in carbon tetrachloride at 76°. 

With reference to the change in optical rotation brought about by a rise in temperature, 
Patterson, Dunn, Buchanan, and Loudon (J., 1932, 1715) have advanced an empirical 
generalisation based upon a comprehensive investigation of a large number of tartaric 
derivatives. They suggest that “‘in solvents which confer high rotation, the rotation 
should diminish or else increase slowly with rise of temperature, whereas in solvents of 
depressing influence the rotation should increase fairly rapidly.” In this connexion the 
theory of dipoles allows a prediction to be made as to the relative slopes of the temperature- 
rotation curves for solvents of the two extreme types, at least in cases where a definite relation- 
ship can be traced between the optical influence of the solvent and its polar character. 

A rise in temperature may be supposed to affect the rotatory power chiefly—although 
not solely—by the following two mechanisms. First, the resulting increase of the freedom 
of rotation around single bonds will modify the configuration or mean resting position of 
the molecule. Any such modification will proceed with a minimum of disturbance from 
external sources when the solvent is non-polar, but in the presence of polar solvents the 
same change may be assumed to occur with such molecules (if any) as are momentarily 
exempt from the solvent influence. Secondly, when the active compound is dissolved in 
a polar solvent, a rise in temperature may affect the rotation by altering the extent to 
which solute and solvent molecules are oriented towards each other (7.e., the extent of 
solute-solvent association). The latter, in general, diminishes as the mobility of the 
molecules increases at higher temperatures. In comparison with a solution in a non- 
polar medium, it therefore follows that the optical displacement due to a polar solvent is 
more accentuated at low temperatures than at high, with the result that ‘he temperature- 
rotation curve for a strongly polar solvent should converge towards that of a non-polar medium 
as the temperature rises. For the same reason, the curve for the active compound in the 
homogeneous condition should exhibit a similar tendency. But since the majority of 
optically active compounds are less polar than a strongly polar solvent such as nitro- 
benzene, it may be predicted in general that im position and direction the temperature- 
rotation curve for the homogeneous compound will lie between those observed for solvents of 
the two extreme types. 

These considerations may be illustrated by the following values calculated from data 
recorded by Patterson (J., 1908, 93, 1849) for ethyl tartrate in the homogeneous state and 
dissolved in nitrobenzene and in mesitylene. Thus for a rise of 80° the high values in 


[M]p for ethyl tartrate. 
t. Nitrobenzene (p = 2). Homog. Mesitylene (p = 10). 
20° 79°1° 16°7° 371° 
100 58°7 28-0 22-8 
4 80 — 20°4 + 113 + 19°1 
nitrobenzene solution fall by 20-4°, whereas the relatively low rotations in mesitylene 
rise by 191°. The homogeneous liquid occupies an intermediate position. 

In so far as Patterson’s generalisation cited above implies a convergence of the two 
types of solvent influence at higher temperatures, it is in agreement with the theoretical 
deductions. We consider, however, that with non-polar solvents, whether they depress 
or elevate the rotatory power, the influence of a rise in temperature mainly depends upon 
the ensuing change in the configuration of the active molecule, and may operate in either 
direction. Further examples of this temperature relationship will be submitted in the 
near future. 

EXPERIMENTAL. 

For purification of solvents, see Part I (J., 1931, 674.) The ethyl tartrate was obtained from 
British Drug Houses, Ltd., and was dried and fractionated several times under reduced pressure. 
It gave a%;, + 951° (}= 1); Lowry (J., 1922, 121, 533) records a3, + 56-9° (/ = 6). 
Special precautions were taken to prevent access of moisture during subsequent manipulation. 
In the following tables f, denotes the molar fraction of ester as calculated from the weights of 
solute and solvent. 
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Rotary Power of Ethyl Tartrate in Solution (t = 20°, 1 = 4). 


fi. C. Gsaer-  [M] 5461: Si Cc. Gsagr- (M] 5461- Si C. Osae1- [M] s461- 
In mesitylene. In toluene. In chlorobenzene. 
0°050 735 +0°08° +0°56° 0°038 7184 +1°13° +8°11° 0°037 746 +3°21° ++22°2° 
0°1330 19°19 1°48 3°97 0°100 18°31 2°76 7°75 0°209 37°19 10°11 14°01 
0°2324 32°72 4°15 6°53 0°1665 30°15 4°53 7°74 O°380 61°55 15°34 12°83 
0°3872 52°65 9°06 8°86 0°2373 40°41 6°28 8°01 0°501 79°20 20°23 13°21 
0°514 68°20 13-40 10°12 03173 50°46 8°26 8°43 0°630 89°86 24°43 14:00 
0°689 87°5 20°70 12°18 0°5228 77°15 16°02 10°69 O°791 104°3 30°30 15°01 
0°8050 104°9 28°76 14°12 


In anisole. In benzene. In nitrobenzene. 
5283 +031 +3: 0°0233 5313 +1°13 10°9 6°33 10°12 
6°46 0°78 , 0°0722 15°72 3°48 11°4 34°17 35°27 

21°79 5°03 11°89 0°1199 22°29 4°98 11°50 61:09 46°09 
31°67 8°77 0°1590 32°26 7°24 11°58 83°04 47°70 
50°02 15°88 16°35 0°2140 41°60 9°35 11°57 99°8 45°66 
70°18 22°99 16°87 0°2750 49°99 10°92 11°25 
88°56 27°29 0°3500 58°68 12-20 10°71 
94°52 29°09 0°4284 71°83 15°39 11°03 
101°8 31°81 
In benzonitrile. 

— 5094 6°72 67°9 
0°233 40°41 31°52 40°18 
0°466 71°7 42°88 30°80 
0°588 84°5 43°68 26°62 


Molecular Weight of Ethyl Tartrate in Solution—The Menzies—Wright ebullioscopic method 
(loc. cit.) was employed, the following constants being used for 1 mol. of solute in 100 c.c. of 
solvent at its b. p.: CS,, 19-4; CCl, 32-4; C.H,,, 45-6. 

Hexane Carbon disulphide Carbon tetrachloride 
(24°9 c.c. at 67°2°). (25°9 c.c. at 45°9°). (27°0 c.c. at 76°0°). 

w. it. M. w. At. ‘ w. At. M. 
01335  0-0891° 274 05473 —-0°1510° 02718  0°1600° 204 
0°2671 0°1702 284 1-099 0°2554 0°4300 0°2438 212 
04042 02508 295 1650  —0°3174 0°5530 03026 219 
0°5403 0°3267 303 2°205 0°3692 0°7078 0°3749 227 
06789 03841 324 
0°8173 0°4400 340 

SUMMARY. 

(1) The optical rotation of ethyl tartrate in solution increases in the dextro-sense as 
the polarity of the solvent rises. Minor irregularities in solvent influence are traced to the 
incidence of maxima and minima in the rotation-concentration diagrams or to the 
association of the ester in solution. 

(2) On theoretical grounds it is deduced that (a) the rotation of the ester in a non-polar 
medium should increase with the concentration, and (b) the temperature-rotation curves 
for strongly polar and non-polar solvents respectively should converge at higher tempera- 
tures, with that for the homogeneous ester assuming an intermediate position and inclina- 
tion. These conclusions are in agreement with the known behaviour of ethyl tartrate. 


The authors are indebted to the Carnegie Trust for a Teaching Fellowship (to H. G. R.) and 
to the Moray Fund for a grant. 
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286. The Resolution of cis- and trans-dl-3-Carboxy-1 : 1-dimethylcyclo- 
propane-2-propionic Acids and of trans-dl-Caronic Acid. 
By J. OWEN and J. L. SIMONSEN. 


In a recent communication (J., 1932, 1424) we described the synthesis of cis- and ¢rans- 
dl-) : 1-dimethyl-2-y-ketobutylcyclopropane-3-carboxylic acids, and stated that we pro- 
posed to attempt the resolution of these acids into their optical enantiomorphs in order 
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to compare them with the optically active acids resulting from the oxidation of d-A*-carene 
with potassium permanganate. Unfortunately, the ketonic acids were too weakly acidic 
to yield satisfactory salts, but we were more successful with the corresponding dibasic 
acids. 

trans-dl-3-Carboxy-1 : 1-dimethylcyclopropane-2-propionic acid combined with nor-d-- 
ephedrine to give the sparingly soluble salt of the trans-l-acid, whilst the trans-d-acid was 
obtained by the use of nor-/-y-ephedrine. Much greater difficulty was experienced in the 
resolution of the cis-dl-acid, but the d-form was ultimately obtained with the aid of 
morphine, the half-molecule method being employed. The purification of the dimorphine 
salt was laborious, since, owing to its sparing solubility, the rotatory power could not be 
determined, and the progress of the resolution could only be followed by the regeneration 
of the acid and determination of its rotation. The pure cis-d-acid, m. p. 104—105°, 
[<]s461 + 39-0°, was found to be identical in all respects with the acid obtained by 
Simonsen (J., 1922, 121, 2297) by the oxidation of d-A*-carene. The cis-l-acid was pre- 
pared from the acid recovered from the more soluble dimorphine salt by crystallisation of 
the disirychnine salt. The half-molecule method was used in this case also, with the 
modification that only sufficient strychnine was added to combine with the /-acid present 
in the mixture. The distrychnine salt was extremely sparingly soluble, and the optical 
purity of the salt could only be controlled by regeneration of the cis-l-acid, which was 
ultimately obtained somewhat less pure ([«];4g, — 37-8°) than its enantiomorph. 

trans-l-Caronic acid has been prepared by Staudinger and Ruzicka (Helv. Chim. Acta, 
1924, 7, 201) by the oxidation of chrysanthemum mono- and di-carboxylic acids, and by 
Gibson and Simonsen (J., 1929, 305, 909) by the oxidation of d-A®- and -A‘-carenes. We 
have now prepared the optically pure d- and /-forms of the acid by the resolution of the 
dl-acid, which was readily effected by the use of nor-d- and -/--ephedrines. The acids 
have m. p. 211—212°, [«];,,, + 34-8°, — 34-5°, and it is evident that the levorotatory 
acid, m. p. 210°, [«]» — 33-3°, obtained by Staudinger and Ruzicka, must have been 
optically pure. 

We are indebted to Prof. C. S. Gibson, F.R.S., for kindly presenting us with nor-/-y- 
ephedrine and also for many valuable suggestions. 


EXPERIMENTAL. 


Resolution of cis-dl-3-Carboxy-1 : 1-dimethylcyclopropane-2-propionic Acid.—To a hot solu- 
tion of the acid (8-9 g.) in water (430 c.c.) and sodium hydroxide solution (2-548N; 18 c.c.), 
morphine (14-5 g.) was added; the cooled solution deposited a crystalline solid (6-4 g.), m. p. 
177—178°, and after concentration, two further crops of crystals (2-1 g., m. p. 178—180°; 
0-25 g., m. p. 164—167°) were obtained. These were combined and recrystallised twice from 
dilute alcohol, the dimorphine salt of the acid being obtained in needles, m. p. 177—178° 
(sintering 168°) (Found: C, 66-0; H, 7-1. (C43H;.0,).N,,H,O requires C, 66-7; H, 7-0%). 
The salt was decomposed in the usual manner, and cis-d-3-carboxy-1 : 1-dimethylcyclopropane- 
2-propionic acid crystallised from water in needles, m. p. 104—105° (softening 102°), as46: 
+ 1-01°, [a] 546: -+ 39-0° (c, 2-59 in chloroform) (Found: C, 57-8; H, 7-8. Calc. for CgH,,0,: 
C, 58-0; H, 7-5%). On admixture with a specimen of acid prepared by the oxidation of 
d-A‘-carene, no depression of m. p was observed, and the acids appeared identical in all 
respects. 

The acid ([«]54g, — 11-62°) recovered from the more soluble dimorphine salt contained 
approximately 30% of the /-acid; to a solution of this (2-9 g.) in water (120 c.c.), sodium 
hydroxide solution (2-548N ; 8-8 c.c.) and strychnine (2-88 g.) were added, and the hot filtered 
solution concentrated to 70 c.c.; on cooling, a strychnine salt (2-5 g.) separated. The 
distrychnine salt (11-2 g.), which was very sparingly soluble in the usual solvents, was recrystal- 
lised twice from dilute alcohol, separating in needles, m. p. 189—190° (sintering 185°) [Found : 
H,O, 6-9 (over P,O;). C;,;,H;,0,N,,4H,O requires 3}H,O, 6-8%. Found, in dried salt: C, 
70-6; H, 7-4. Cs,H;g0,N,,4H,O requires C, 70-9; H, 6-8%]. 

cis-1-3-Carboxy-1 : 1-dimethylcyclopropane-2-propionic acid, recovered from the strychnine 
salt, crystallised from water in needles, m. p. 104—105° (softening 102°), «54, — 1-:21°, [@] 5461 
— 37-8° (c, 3-204 in chloroform) (Found : C, 57-8; H, 7-5%). 

Resolution of trans-dl-3-Carboxy-1 : 1-dimethylcyclopropane-2-propionic Acid.—To a hot solu- 
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tion of nor-d-J-ephedrine (11-7 g.) in acetone (160 c.c.) the ¢vans-acid (7-3 g.) was added, and 
the filtered solution kept for 48 hours; the needles which separated (4-8 g., m. p. 191—193°) 
were recrystallised twice from water (60 c.c.), and the di-nor-d-y-ephedrine salt of the acid was 
obtained in needles, which, after drying in a vacuum, had m. p. 192—193° (sintering 187°), 
Os4g1 + 0-535°, [x] 546, + 18-16° (c, 2-876 in methyl alcohol). The rotatory power was unaltered 
by further crystallisation (Found: C, 64:3; H, 8-1. C,,HyO,N,,H,O requires C, 64-0; 
H, 8-3%). 

trans-l-3-Carboxy-1 : 1-dimethylcyclopropane-2-propionic acid, regenerated from the salt, 
crystallised from water in prisms, m. p. 112°, a&54¢,; — 1°52°, [o]54¢, — 37:1° (c, 4:1 in ethyl 
acetate) (Found: C, 57-9; H, 7:8%). The sodium salt of the acid was dextrorotatory in 
water, 54g, + 0°29°, [x] seg, + 11°6° (c, 2-496). 

From the more soluble di-nor-d-j-ephedrine salt, the tvams-acid ([a]543,; -+ 8-7°) was 
recovered and treated with nor-/-%-ephedrine under the conditions described above. The 
di-nor-l-,-ephedrine salt of the trans-d-acid separated very rapidly, and after crystallisation 
from water had m. p. 192—193°, a 546, — 0-45°, [a]54¢, — 18°5° (c, 2-428 in methyl alcohol) 
(Found: C, 64-5; H, 8-2%). The trans-d-acid, after recrystallisation from water, had m. p. 
112°, &54¢, + 1-09°, [a] 546, + 37°4° (c, 2-912 in ethyl acetate) (Found: C, 58-1; H, 7-4%). 

Resolution of trans-dl-Caronic Acid.—To nor-d-J-ephedrine (4-7 g.; 1 mol.) in acetone 
(65 c.c.) trans-dl-caronic acid (4-86 g.; 1 mol.) was added, and the hot solution filtered. The 
solid (A, 1-85 g.) (rosettes of needles, m. p. 198—200°) which separated on cooling was collected, 
the solvent removed from the filtrate, and the gummy residue dissolved in hot ethyl alcohol 
(35 c.c.), needles (B, 1-8 g.) (m. p. 197—200°) being deposited on cooling. (Filtrate C, see 
below.) The solid A was recrystallised from alcohol and then had m. p. 198—200°, as46; 
+ 0-56°, [a]54¢, + 38°0° (c, 1-474 in water), and after further crystallisation the salt was 
obtained in fine needles, m. p. 199—200° (sintering 195°), a54g, + 0°59°, [a] 54g, ++ 38°5° (c, 
1-53 in water). A further quantity of the same salt ([a];44, -+ 38-0°) was obtained by 
recrystallisation of B from ethyl alcohol (Found: C, 62-1; H, 7-7. C,gH,;0,;N requires C,,. 
62-1; H, 7-4%). 

trans-l-Caronic acid, prepared by decomposition of the salt, crystallised from water in long 
needles, m. p. 211—212°, a&54¢, — 0°6°, [a]54¢, — 34°5° (c, 1-74 in alcohol) (Found: C, 53-3; 
H, 6-6. C,H, O, requires C, 53-2; H, 6-3%). 

From the filtrate, C, the alcohol was removed, and the crude d-acid recovered. The acid 
(2:84 g.) was added to an acetone (35 c.c.) solution of nor-/-y-ephedrine (2-8 g.), and the 
deposited salt was purified as described above; it crystallised in needles, m. p. 199—200° 
(sintering 195°), a54¢, — 0°54°, [«]54¢,; — 38-5° (c, 1-404 in water) (Found: C, 62-2; H, 7-8%). 

trans-d-Caronic acid crystallised from water in long needles, m. p. 211—212°, a544, + 0-56°, 
[«]sa¢1 + 34-8° (c, 1-61 in alcohol) (Found : C, 53-1; H, 6-4%). 


One of us (J. O.) acknowledges a grant from the Council of the Department of Scientific 
and Industrial Research. 
UNIVERSITY COLLEGE OF NoRTH WALES, BANGOR. [Received, July 14th, 1933.] 





287. <A Synthesis of Homocaronic Acid. 
By J. OweEN and J. L. SIMONSEN. 


From amongst the oxidation products of d-A*-carene, Simonsen and Rau (J., 1923, 123, 556) 
isolated an acid, CgH,,0,, m. p. 136—137°, which they regarded as cis-homocaronic acid (II), 
although contrary to expectation it was somewhat readily attacked by potassium per- 
manganate in alkaline solution and did not yield terpenylic acid on ring fission. Previous 
attempts (Hariharan, Menon, and Simonsen, J., 1928, 434; Menon and Simonsen, J., 
1929, 303) to synthesise an acid of this constitution were unsuccessful, but we have now 
prepared the cis- and the /vans-modification of the cyclic acid by a method analogous to 
that used in the synthesis of the higher homologues, cis- and ¢rans-3-carboxy-I1 : 1-di- 
methylcyclopropane-2-propionic acids (J., 1932, 1424). 

Ethyl A®-isohexenoate (I) (Boxer and Linstead, J., 1931, 740; Linstead, J., 1932, 115*) 

* We are greatly indebted to Dr. R. P. Linstead for very complete details of the most satisfactory 
method for the preparation of this ester. 
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condensed readily with ethyl diazoacetate in the presence of copper—bronze to give a 
mixture of the esters of cis- and trans-homocaronic acids (II) and cyclobutane-1 : 2: 3: 4- 
tetracarboxylic acid. After hydrolysis with methyl-alcoholic potassium hydroxide, the 


N,CHCO,Et 


Me,C:CH-CH,°CO,Et ——> Me,C——CH’CH,°CO,R (R =H or Et.) 
H-CO,R 
Me,C-CH(CO,H)-CH,°CH,°CO Me,¢ CH-CH,°CO,H 
= oO | 


O CH O 
(IIT.) (IV.) 
6 


(I.) (II.) 





acids were separated as described below. cis-Homocaronic acid, m. p. 135—136°, was 
found by direct comparison to be identical in all respects with the acid obtained by the 
oxidation of d-A®-carene. In agreement with the previous observations, the acid was 
somewhat readily attacked by potassium permanganate in alkaline solution, and on 
treatment with hydrochloric acid at 100° it did not yield terpenylic acid, but gave a lactone, 
m. p. 101—102°, which, if no molecular rearrangement has occurred, must be either (III) 
or (IV). The constitution of the lactone was not determined since it could not be reduced 
with hydriodic acid or with sodium amalgam, resembling in this respect the lactones 
described by Conrad and Gast (Ber., 1899, 32, 145) and by Perkin and Thorpe (J., 1913, 
108, 1762). An attempt to condense ethyl A*-isohexenoate with ethyl diazoacetate 


was unsuccessful. 
EXPERIMENTAL. 


Condensation of Ethyl A8-isoHexenoate and Ethyl Diazoacetate-—To ethyl A%-isohexenoate 
(10 g.) with copper—bronze (0-5 g.) in suspension, ethyl diazoacetate (8 g.) was added gradually, 
the temperature being maintained at 45—50°; the condensation proceeded smoothly with 
evolution of nitrogen. The products of six reactions were combined, filtered from copper— 
bronze, and systematically fractionated (twice) under diminished pressure (16 mm.), the follow- 
ing fractions being obtained : (i) 72—80° (14 g.), (ii) 80—110° (7 g.), (iii) 110—122° (3 g.), and (iv) 
122—137° (21 g.). The fractions distilling below 120°/16 mm. (46 g.) were combined and 
treated again with ethyl diazoacetate (37 g.) in the presence of copper—bronze (2 g.) and the 
reaction product fractionated as before ; the main fraction (iva) had b. p. 123—136°/15mm. (23 g.). 

Fraction (iv) was digested with potassium hydroxide (17 g.) in methyl alcohol (90 c.c.) for 
3 hours, whereupon a sparingly soluble potassium salt (4) separated. The cooled solution 
was filtered, and the filtrate after addition of water evaporated on the water-bath in a current 
of carbon dioxide. The aqueous solution was acidified with phosphoric acid, a solid acid being 
deposited. This was dissolved in ethyl acetate, the solution extracted (7 times) with the same 
solvent, the combined extracts dried (magnesium sulphate), and the solvent evaporated. The 
residue (14°7 g.) solidified, and after crystallisation from water had m. p. 120—167°, not improved 
by crystallisation from water or toluene. A mixture of acids having similar properties was 
obtained by the hydrolysis of (iii) and (iva). 

For the isolation of cis-homocaronic acid, the crude acid (3 g.) was mixed with acetic an- 
hydride (10 c.c.) and heated in a sealed tube at 220° for 4 hours. The excess of anhydride was 
removed by distillation, and the residual oil then had b. p. 155—160°/17 mm. The liquid 
anhydride was dissolved in hot water, and on cooling, the cis-acid separated in rosettes 
of needles, m. p. 135—136° (sintering 115°), recrystallised from water, m. p. 135—136° (sintering 
125°). This m. p. was unchanged on admixture with cis-homocaronic acid prepared from 
d-A%-carene (Found : C, 55-6; H, 7-2; M, 172-9. Calc. forC,H,,0,: C, 55-8; H, 7:0%; M, 172). 

For the preparation of the ¢vans-acid, the crude acid (see above) was digested with dry ether ; 
a portion remained undissolved and a further quantity of the same acid was deposited from the 
ether on standing. The fractions (m. p. 189—190°, sintering 165°) were combined and purified 
by crystallisation (twice) from water, in which trans-homocaronic acid was much less soluble 
than cis-. It crystallised in needles, m. p. 190—191° (Found: C, 55-5; H, 7-0%; M, 172-4). 
In sodium carbonate solution the tvans-acid was more stable to potassium permanganate than 
the cis-acid. It was readily converted into the anhydride of the latter by treatment with 


acetic anhydride, as described above. 
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From the sparingly soluble potassium salt (A), cyclobutane-1 : 2 : 3 : 4-tetracarboxylic acid, 
decomp. 285°, was obtained, which was identified by conversion into the methyl ester, m. p. 
103°. 

Action of Hydrogen Chloride on cis-Homocaronic Acid.—The acid (1-5 g.) was mixed with con- 
centrated hydrochloric acid (10c.c.), and heated in a sealed tube at 100° for 5hours. After re- 
moval of the mineral acid on the water-bath, an oil remained which slowly solidified over sulphuric 
acid and potassium hydroxide in a vacuum. After draining on porous porcelain, the /actone 
crystallised from water in prisms, m. p. 91—92°, and further crystallisation from chloroform— 
ligroin gave six-sided plates, m. p. 101—102° [Found: C, 55-6; H, 6-7; M, 172-2, 170-2 (hot). 
C,H,,0, requires C, 55-8; H, 7-0% ; M, 172]. The aqueous mother-liquor from which the lactone 
had separated was digested with barium hydroxide solution, filtered after removal of excess 
barium with carbon dioxide, and evaporated, but no sparingly soluble salt of terpenylic acid 
was obtained. The lactone was not attacked by hydriodic acid (d 1-7) and red phosphorus at 
150°, whilst with hydriodic acid (d 1-9) complete degradation took place. It was neither 
reduced by sodium amalgam at 20° or 100°, nor oxidised by nitric acid (d 1-22). 


We are indebted to the Government Grants Committee of the Royal Society, to the Chemical 
Society, and to the Imperial Chemical Industries Ltd., for grants which defrayed in part the cost 
of this and the preceding investigation, whilst one of us (J. O.) helda Studentship of the University 
of Wales. 


UNIVERSITY COLLEGE OF NORTH WALEs, 
BANGOR. (Received, July 14th, 1933.] 





288. Co-ordination Compounds of 2: 2'-Diphenol. 
By O. L. Brapy and E. D. HuGuHEs. 


CHELATE rings containing more than six atoms are rare and are generally of Sidgwick’s 
type A (“‘ The Electronic Theory of Valency,” p. 239), in which the rings are formed of 


normal, as distinct from co-ordinated, covalencies, generally by the replacement by a 
metal of two hydrogen atoms in a dibasic acid, such as, ¢.g., the cis-succinatobisethylene- 
diaminocobaltic salts (I) (Duff, J., 1921, 119, 385) and the czs-sulphonyldiacetobisethylene- 
diaminocobaltic salts (II) (Price and Brazier, J., 1915, 107, 1367) containing seven- and 
eight-membered rings respectively. 


HBr—CO—O CH,—CO—O 
(j--co-o" ite 2 |Br,2H,0 [ S0.<EH—co—o>0o(en)s [Br,2H,0 
(I.) (II.) 


It has been suggested that the non-existence of rings of more than six atoms con- 
taining a true co-ordinate linkage is due to the strain involved in their formation. 
Although, in rings consisting solely of carbon atoms, ring formation becomes increasingly 
difficult as the number of members increases from seven to ten, yet once formed the com- 
pounds are remarkably stable owing to their departure from a plane configuration 
(Ruzicka, Stoll, and Schinz, Helv. Chim. Acta, 1926, 2, 249; Ruzicka, Brugger, Pfeiffer, 
Schinz, and Stoll, ibid., p. 499). It was thought, therefore, that if a compound could be 
chosen of such a nature that chelation would, of necessity, involve the formation of a 
non-planar ring, it might be possible to obtain seven-membered chelate rings containing 
co-ordinate linkages; this desideratum seemed to be supplied by 2 : 2’-diphenol. 

The stereochemical study of diphenyl compounds by Turner and others has indicated 
that two groups in the 2 : 2’-positions cannot pass one another ; therefore, in 2 : 2’-diphenol, 
if the two hydroxyl groups are to take part in ring formation, they and the four carbon 
atoms of the diphenyl nuclei cannot become co-planar, and any ring formed on the two 
oxygen atoms will of necessity be non-planar. 

Now the properties of 2 : 2’-diphenol suggest that it is itself co-ordinated (III). Its 
melting point (98°) is below that of its dimethyl ether (155°), whereas the reverse is the 
case in 3 : 3’-diphenol (123° and 36°) and 4: 4’-diphenol (274° and 172°). 2: 2’-Diphenol 
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is remarkably soluble in all organic solvents, even light petroleum dissolving nearly 1°, 
(Diels and Bibergeil, Ber., 1902, 35, 304). It is also more volatile (b. p. 194°/22 mm.) 


H H H 
CoH, On H CesHy— Orn Tl (eH, OT! CgHyO\ 7} xO-C 6H, 
C,H,—O” C,H,——0” C,H,-OTI C,H,-07  \0-C,H, 
H H 


(III.) (IV.) (V.) (VI.) 


than the 2: 4’- (b. p. 206—210°/11 mm.) and the 3: 3’- (b. p. 247°/18 mm.) isomeride 
(cf. Sidgwick and Callow, J., 1924, 125, 527). 

With thallium, diphenol formed a monothallium compound, m. p. 227—229°, for 
which we suggest the co-ordinated structure (IV); it was very sparingly soluble in cold 
but more so in hot water. The solution in cold water contained some thallous ions, since 
it gave a precipitate of thallous iodide with potassium iodide; the solution in boiling 
water gave with sodium or potassium hydroxide a precipitate of the less soluble dithallium 
diphenol (V), but was not affected by ammonia, although diphenol is readily soluble in 
this reagent. The solubility of (IV) in organic solvents could not be determined, for 
boiling with, e.g., chloroform or benzene caused formation of diphenol together with (V) ; 
it was, however, readily soluble in chloroform containing excess of diphenol, in fused 
diphenol, and in fused mixtures of diphenol with naphthalene or camphor. It seems 
probable that in these circumstances further co-ordination occurred, giving compounds 
such as (VI). 

It should be possible to decide whether one or more extra diphenol molecules had 
been taken up, by observations on the change in boiling point of a solution of diphenol 
in chloroform or of freezing point of a mixture of diphenol and naphthalene or camphor 
on addition of monothallium diphenol, but unfortunately, experimental difficulties pre- 
vented any conclusive results being obtained by these methods. 

With diethylthallium hydroxide, diphenol gave a diethylthallium diphenol (VII), m. p. 
191°, sparingly soluble in water, readily in absolute alcohol, slightly in chloroform and 
benzene, but somewhat more so in xylene. It was readily soluble in chloroform contain- 
ing excess of diphenol and in molten diphenol, suggesting further co-ordination. Its 
molecular weight in camphor was high, indicating association (compare Wiltshire and 
Menzies, J., 1932, 2734). The cold aqueous solution contained diethylthallium ions and 
gave a characteristic white precipitate with potassium iodide. Menzies, Sidgwick, Cut- 
cliffe, and Fox (J., 1928, 1288) have found that other chelate compounds of diethy]l- 
thallium are dissociated in water to give diethylthallium ions. 

All attempts to isolate compounds containing more than one diphenol molecule to 
one thallium atom have been unsuccessful. The evidence for the chelate linkage in the 
thallium compounds actually prepared is not strong, but their general properties, par- 
ticularly those of the diethylthallium compounds, and their solubility in solvents con- 
taining diphenol suggest that it exists but is easily broken. With copper, however, more 
conclusive evidence was obtained. 

Diphenol with copper and methylamine gave a crystalline compound containing one 
molecule of diphenol and two of methylamine to each atom of copper (VIII). This com- 


O 
H,°O Et C. 
Ce aN TIZ = yNH,Me (VIL) 


(VIL) C,H,O7 \Et 
H 


o/ “NHMe 


pound was sparingly soluble in water but could be recrystallised from hot water containing 
a little methylamine; it was practically insoluble in organic solvents, but dissolved in 
chloroform containing diphenol and in molten diphenol, indicating that further co-ordin- 
ation with diphenol occurred. With,amines of higher molecular weight, e.g., propylamine 
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and piperidine, compounds containing one molecule of base to one of copper diphenol were 
obtained. 

Diphenol with copper and ammonia gave a crystalline compound containing three 
molecules of diphenol and two of ammonia to each atom of copper. The ammonia was 
firmly held and was not lost on keeping in a vacuum over concentrated sulphuric acid. 
The copper is present in the cupric state. The compound was insoluble in water but 
dissolved readily in chloroform to an olive-green solution which, however, decomposed, 
slowly at room temperature and more rapidly on boiling. This decomposition is facilitated 
by the presence of acetone, and a solution in acetone decomposes even more rapidly. 
The precipitate formed was of variable composition, but from the ratios of copper to 
carbon, nitrogen, and oxygen in various preparations it appeared to be a mixture of 
(CgH,)20,Cu, (CgH,)20,Cu(NHg)2, and (CgH,),0,Cu(H,0)>. : : 

There are numerous ways in which the trisdiphenol copper diammine may be repre- 
sented, but (IX) and (X) seem the most probable. 


‘ NH, _|+t 
OO 
| Ove | 
A,»X 


| HO OH 

(Medes & ON 40 
u 
PP % 
L (X.) J 


Although trisdiphenol copper diammine is the only compound which could be isolated 
in a state of purity, we obtained evidence that compounds existed containing two ° 
molecules of diphenol] to one atom of copper, together with ammonia or water, such as 
[(CgH4)202H],,Cu(NH3).,2H,O and [(CgH,),0.H],,Cu(NHs)2,H,0. 


EXPERIMENTAL. 


Monothallium Diphenol.—Thallous acetate (10 g.) was dissolved in water (5 c.c.) and mixed 
with alcohol (25 c.c.) and ammonia (3 c.c.; d 0-880); diphenol (9 g.) in warm alcohol (265 c.c.) 
was then added, and a clear solution was obtained from which needle-shaped crystals began to 
separate almost at once. After 1 hour the solid was collected, washed with alcohol, and dried 
in a vacuum over sodium hydroxide; monothallium diphenol was obtained in colourless needles, 
m. p. 227° (Found: C, 36-9; H, 2-3; Tl, 52-0. C,,H,O,Tl requires C, 37-0; H, 2-3; TI, 
52-4%), and recrystallised unchanged (Found: C, 37-1; H, 2-5%) from hot water, in which 
it was sparingly soluble. When it was boiled with chloroform, partial solution apparently 
took place followed by decomposition, for the solvent became cloudy, and on filtering and 
evaporating the solvent, diphenol was obtained. If monothallium diphenol (1 g.) was sus- 
pended in chloroform (20 c.c.), diphenol (4 g.) added, and the mixture warmed, complete 
solution occurred; these weights correspond approximately to 9 mol. of diphenol to 1 mol. of 
the thallium derivative; when alcohol (20 c.c.) containing diphenol (4 g.) was added to this 
solution, shining crystals slowly separated, which underwent no apparent change when washed 
with ether and consisted of monothallium diphenol (Found: C, 37-2; H, 2-4%). 

Dithallium Diphenol_—When a solution of the above compound in boiling water was treated 
with aqueous sodium or potassium hydroxide, shining plates of dithallium diphenol separated. 
This compound was also prepared by dissolving diphenol (6 g.) in 2N-sodium hydroxide (50 c.c.) 
and adding a solution of thallous acetate (15 g.); a yellow precipitate was formed, which after 
a few moments became very thick and turned snow-white. After being collected and washed, 
a small quantity was crystallised from hot water, in which it was very sparingly soluble, 
dithallium diphenol being obtained in shining plates (Found: C, 24-7; H, 1-4. C,,H,O,TI, 
requires C, 24-5; H, 1-4%). 

Mono(diethylthailium) Diphenol.—Diphenol (0-62 g.) in benzene (5 c.c.) was added to a 
0-335N-solution of diethylthallium hydroxide in benzene (10 c.c.), and a white crystalline 
precipitate formed after a fewseconds. This was washed with benzene and dried in a vacuum. 
Part was crystallised from absolute alcohol, mono(diethylthallium) diphenol being obtained in 
shining plates, m. p, 191° (decomp.) (Found : C, 43-1; H, 4-2; M, in camphor, 569. C,,H,,0,T1 
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requires C, 43-0; H, 4.3%; M, 447). Another portion was crystallised from boiling benzene, 
in which it was sparingly soluble (Found: C, 42-8; H, 4:1%). 

Di(methylamino)cupric Diphenol_—An 8% solution of copper acetate monohydrate (25 c.c.) 
was mixed with a 33% solution of methylamine (15 c.c.), and diphenol (3 g.) in alcohol (10 c.c.) 
added. The colour changed from blue to deep green, and crystals were slowly deposited. 
These were collected after some hours, washed with water containing methylamine, crystallised 
from hot water containing methylamine, and dried over sodium hydroxide in a desiccator 
containing the base. Di(methylamino)cupric diphenol was thus obtained in stout, dark olive- 
green needles (Found: C, 54:1; H, 5-9; N, 9-1; Cu, 20-1. C,,H,,0,N,Cu requires C, 54-2; 
H, 5-8; N, 9-0; Cu, 20-5%); it is practically insoluble in organic solvents but dissolves in 
chloroform containing excess of diphenol. 

Propylaminocupric diphenol was immediately precipitated when diphenol in alcohol 
was added to copper acetate solution containing excess of propylamine; after being washed 
with water containing the amine and dried in a desiccator also containing the amine, it was 
obtained as an olive-green, microcrystalline powder, which could not be crystallised (Found : 
C, 58-9; H, 5-7; N, 46; Cu, 19-1. C,,;H,,O,NCu requires C, 58-7; H, 5-5; N, 4:5; Cu, 
20-7%). 

Piperidinocupric Diphenol.—Diphenol (2 g.) in alcohol (10 c.c.) was mixed with piperidine 
(2 c.c.) and added to 25 c.c. of 8% hydrated copper acetate solution, whereupon an olive- 
brown precipitate separated, which was washed with water by decantation, collected, and 
dried over sodium hydroxide; piperidinocupric diphenol forms an olive-brown powder (Found : 
C, 61-3; H, 5-9; N, 4-2; Cu, 18-4. C,,H,,O,NCu requires C, 61-3; H, 5-7; N, 4:2; Cu, 19-1%). 

Diamminocupric Trisdiphenol—An 8% solution of hydrated copper acetate (25 c.c.), 
treated with ammonia until the precipitate first formed redissolved, was added slowly to 
diphenol (5 g.) in alcohol (15 c.c.). The solution was filtered, kept, and again filtered, this 
process being repeated until the deposited solid appeared crystalline and homogeneous. The 
final crystals were washed with water by decantation, collected, again washed, and dried in 
a vacuum over sodium hydroxide, being obtained in stout greenish-black prisms (Found in diff. 
prepns.: C, 66-2, 66-1; H, 5-4, 5-3; N, 4:5, 4-4; Cu, 9-7, 9-8. C,,H,,0,N,Cu requires C, 66-2; 
H, 5-2; N, 4:3; Cu, 9-7%), soluble in chloroform to a deep olive-green solution, which 
decomposed on keeping or boiling. Decomposition was more rapid on addition of an equal 
volume of acetone, whereupon a solid separated as a brown powder (A) (Found: C, 49-7; 
H, 4:4; N, 3-8; Cu, 21-1%). When diamminocupric trisdiphenol was percolated with acetone, 
the solution rapidly deposited olive-brown needles (B) (Found: C, 52-5; H, 4:2; N, 3-3; 
Cu, 23-2%); another preparation gave an olive-brown crystalline powder (C) (Found: C, 54-2; 
H, 4:2; N, 1-8; Cu, 22-7%). The ratios Cu: C:N:O in these three preparations are (A) 
1: 12-5: 0-82:4; (B) 1: 12-0: 0-65:2-9; (C) 1: 12-6: 0-4:3-0; indicating that the product 
is probably a mixture of compounds containing one molecule of diphenol to one atom of copper 
with either water, ammonia, or neither. For example, (B) agrees closely with [(C,H,),0,)Cu + 
[(CgH,),O,]Cu(NH3), + [(CgH,),0,]Cu,2H,O (Calc.: C, 53-1; H, 4:1; N, 3-2; Cu, 23-5%). 
The solid diammine does not lose ammonia when kept for a week in a vacuum over concentrated 
sulphuric acid, the nitrogen content of a specimen so treated remaining at 44%. 

There is evidence that copper forms compounds with two molecules of diphenol and vary- 
ing amounts of ammonia and water, the latter replacing the third diphenol molecule in the 
diamminocupric complex; e.g., excess of ammonia was added to 8% copper acetate solution 
(25 c.c.), the mixture added to diphenol (3 g.) in alcohol (10 c.c.), and more ammonia added 
to dissolve the precipitate and the solution kept; the first sludge was discarded, and the 
solid which subsequently separated was collected, washed with water, and dried over 
sodium hydroxide, a greenish-yellow powder being obtained of approximately the composition 
{(CgH,),0,H)],Cu(NH;,),,2H,O (Found: C, 58-0; H, 5-5; N, 5:2; Cu, 13-4. Calc.: C, 57-2; 
H, 5-5; N, 5-5; Cu, 126%); dried over concentrated sulphuric acid for several days, it turned 
chocolate-brown and had approximately the composition [(CgH,),0,H],Cu(NH;),,H,O (Found : 
C, 59-8; H, 5-4; N, 4:0; Cu, 14-0. Calc.: C, 59-9; H, 5-4; N, 57; Cu, 131%). Two 
other preparations gave products containing C, 59-5; H, 4:8; N, 3-8; Cu, 14-7; and C, 62-1; 
H, 4:8; N, 3:5; Cu, 14-6; i.e, Cu: C = 1: 21-4 and 1: 22-5 respectively, indicating two 
molecules of diphenol to one atom of copper. 


We thank Dr. Menzies for the gift of a solution of diethylthallium hydroxide. 


UNIVERSITY COLLEGE, LONDON. [Received, June 21st, 1933.) 
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289. The Oxidation of Triethylphosphine. 
By H. W. Tuompson and N. S. KELLAND. 


THE measurements to be described are a continuation of others recently published (this 
vol., pp. 746, 756) in which the oxidation of substances containing alkyl radicals was 
described. The objects of such investigations were discussed in the earlier papers. 

No systematic work has been reported upon the oxidation of triethylphosphine. 
Cahours and Hofmann (A mnalen, 1857, 104, 9) noticed that the vapour was oxidised in air, 
forming a white cloud. In the presence of water the product of oxidation was regarded 
as the oxide P(C,H;),0, but it was also possible that the peroxide P(C,H;),0, was formed. 
Jorissen (Z. physikal. Chem., 1897, 22, 35), Engler (Ber., 1897, 30, 1670), and Engler and 
Weissberg (Ber., 1898, 31, 3055) observed an explosive oxidation in which a colourless 
oil was formed, having weakly peroxidic properties, and later affording crystals indicated 
by analysis to be a mixture of the oxide and ethoxydiethylphosphine oxide, PEt,O(OEt). 
The reactions suggested were: PEt, + O, —> PEt,0,; PEt, + PEt,0, —> 2PEt,O; 
PEt,O, + PEt,O0 —> 2PEt,O(OEt) or PEt,O, —> PEt,O(OEt). 

Measurements have recently revealed that the oxidation of phosphine occurs only 
between definite critical pressures of the reacting gases, and then explosively. Outside 
this region the interaction is negligible. The details of the process have been examined 
by Dalton and Hinshelwood (Proc. Roy. Soc., 1929, 125, A, 294; 1930, 128, A, 
263), by Dalton and by Melville and Ludlam (ibid., 1931, 182, A, 108); the results are 
summarised as follows. 

The abrupt transitions from low rate to explosion at the pressure limits can be inter- 
preted satisfactorily in terms of the theory of branching chains, the lower limiting pressure . 
being that at which the chains begin to multiply more rapidly than they are broken on 
the vessel walls. A simple theory leads to the following relationship at the lower limit : 


bo,Pru, ll + Pinert gas /(Po, + Ppu,) |@” =K 


where d is the diameter of the cylindrical reaction vessel. This expression, which ignores 
specific action of inert gases, was modified by Melville (Trans. Faraday Soc., 1932, 28, 


308, 814) to 
bo,Prn[l a a D* Pinert gas/(Po, + brx,) |a” =K 


which applies at any temperature, D being a measure of the diffusion coefficient of 
active centres through the particular inert gas employed, and subsequently to an 
expression in which D~ is replaced by p», a measure of the mass and size of the active 
centres. The experiments with different inert gases indicate clearly that the chains are 
being broken on the vessel walls. 

There are, however, complications in the process which make the simple theory incom- 
plete. For example, in the absence of inert gases the product fo,Apq, is not strictly 
constant ; nor is the influence of vessel diameter exactly as the equations would suggest. 
These subsidiary deviations are probably to be explained by the facts that reaction chains 
are also in some measure terminated in the gas, and that it is difficult to maintain a uniform 
surface. 

Essentially similar phenomena have now been observed in the oxidation of triethyl- 
phosphine, though again there are complications. There is a critical region of pressure 
for explosion, and the lower limiting pressure is affected by the presence of inert gases and 
by the vessel dimensions qualitatively, at least, as would be expected. With pressures 
outside the critical region there is in general no appreciable pressure change over long 
periods, but occasionally a reaction with pressure decrease can be followed. This is not 
reproducible and appears to be largely dependent upon the surface. There is reason to 
believe that the active centres required for the propagation of the chains originate on the 
vessel walls, and whilst inert gases affect the explosion pressures in such a way as to imply 
breakage of the chains on the walls, there is nevertheless indication that gaseous deactiva- 
tion is also important. 





1232 Thompson and Kelland: The Oxidation of Triethylphosphine. 


EXPERIMENTAL. 

Triethylphosphine, supplied by Schuchardt and by Kahlbaum in sealed tubes, was trans- 
ferred by pouring in an atmosphere of nitrogen into the vessel required, frozen by solid 
carbon dioxide—acetone, the vessel sealed, and the nitrogen pumped off. 

The experimental procedure was similar to that employed in the oxidation of diethylzinc 
(loc. cit.), the pressure changes being followed on a mercury manometer, and the apparatus wired 
and electrically heated so as to be about 60°. The reaction vessel was again suspended in an 
oil-bath maintained at the desired temperature. 

As in the previous experiments with the zinc alkyls, the reactivity of a sample increased as 
the early fractions were removed, but redistillation of the ‘‘ pure” triethylphosphine gave no 
indication of a recognisable impurity. The significance of this inertness of the early fractions 
is not clear. It is quite certain that the phenomena noticed are due to some property of the 
triethylphosphine and not, ¢.g., to variable surface effects. Reproducible and uniform results 
were obtained only with the second half of the samples, and the consequent waste of material has 
hindered the progress of the work. Sufficient evidence has, however, been obtained to indicate 
the general features of the phenomena. 

Results. 

The Explosive Reaction.—Provided that the pressure of triethylphosphine exceed a certain 

minimum value, there exists for a given concentration of this reactant at a given temperature 


Fic. 1. 
Influence of temperature and vessel dimensions upon explosion pressures. 
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a critical pressure of oxygen above which explosion occurs. There is conversely a critical 
pressure of the phosphine for any given oxygen pressure. Of the two reactants, the phosphine 
is apparently far more effective in promoting explosion, since a small decrease in concentra- 
tion of this substance is only compensated by a large increase in the oxygen concentration. 

The similarity of this explosion “ limit ’’ to that observed in “‘ branching-chain ’’ explosions 
is indicated by experiments in which, with pressures of the reactants just lower than the critical 
values, no pressure change is observed over long periods; a small increase in the triethyl- 
phosphine concentration leads to immediate explosion. The critical pressures are decreased 
by rise of temperature or by increase in the vessel diameter. 

The critical pressures were compared at two temperatures, 50° and 60°, in a reaction vessel 
2-5 cm. in diameter, and were also determined in a vessel 3-4 cm. in diameter at 60°. The 
results are shown in Table I and plotted in Fig. 1. Values of pppi,po, are also given; they 


TABLE I. 
A. Vessel, 2°5 cm. diameter. B. Vessel, 3°4 cm. diameter. C. Vessel, 2°5 cm. diameter. 
Temp., 60°. Temp., 60°. Temp., 50°. 
Pert, Po» Prets x Prt, X Prety Pos Prets x Preis X Prxts, Po» Prets x Preis * 
mm. mm. fo, Vio. mm. mm. fo. Vpo, mm. mm. fo: \ Pos. 
21 6 126 28°3 20 3 60 24:0 25 7 175 34°7 
20 14 280 31-0 18 12 216 27°2 24 13 312 36°7 
18 36 648 32°7 17 16 272 27-0 23 25 575 39°3 
16 64 1024 32-0 16 20 320 26°4 19 150 2850 43°7 
15 98 1470 32-2 15 25 375 25°7 
14 140 1960 31°4 13 45 585 30°9 
13. 200 2600 31°9 
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are not constant as might have been expected on theoretical grounds. The function of the pres- 
sures which is most nearly constant is pbx:,Po,- 
Another series indicates how the total critical pressure at the lower limit for an equal-volume 
mixture of triethylphosphine and oxygen varies with temperature : 
90° 80° 60° 50° 42° 
13 16 20 24 27 
PEt; + O,, mm. ... 26 32 40 48 54 


The products of the explosion vary : broadly speaking, according as the oxygen pressure is 
greater or less than half that of the phosphine there results either an increase or a decrease in 
pressure, and this change is roughly equal to the initial oxygen pressure if this is not too relatively 
high. A flash accompanies the explosion only when there is an increase in pressure. The 
gaseous products probably consisted of carbon monoxide and hydrocarbons. A colourless oil 
was also formed, which later became yellow, owing presumably either to a decomposition or 
to the accumulation of a yellow product formed in the explosion. After long standing, colour- 
less needle-shaped crystals separated from the oil. Typical data are given in Table II, where 
the pressure change is recorded in mm. and also as a percentage of the oxygen pressure. 
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Fic. 2.—Effect of inert gas upon explosion limits. pprt, = 18 mm. 


TABLE II, 
Press. change, PEts, Press. change, 
O,, mm. mm. % of O,. mm. O,, mm. mm. % of O,. 

43 +116 22 9 —10 —110 
35 + 97 19 8°5 — 85 —100 
+ 97 30 6 — 6 —100 

+103 
+ 91 26 16 _ — 38 
+ 21 26 12 -- — 33 
—100 22 10 — — 40 

—120 


In the presence of inert gases the critical pressures of triethylphosphine and oxygen are 
lowered. The effect was studied with argon and nitrogen (from cylinders) in a vessel 2-5 cm. 
in diameter and at 60°. With a fixed pressure of triethylphosphine, the manner in which the 
required oxygen pressure was lowered on adding the inert gas was examined. The data 
are summarised in Table III and also in Fig. 2. In Fig. 3 the graph of 1/po, against 
(1 + Pinert gas/(Po, + Ppxt,)] is seen to be nearly linear. 

The explosion is, in general, preceded by an induction period, which may extend over 
1—2 mins. For a given triethylphosphine pressure, the induction period is shortened by 
increase in the pressure of oxygen. 

The Non-explosive Reaction.—With initial pressures lower than those leading to explosion 
there is usually no measurable reaction. It might be argued that the occurrence of a very long 
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TABLE III. 


Temperature 60°. Pressure of triethylphosphine, 18 mm. 


Argon. Nitrogen. 
ba. —_ i, Rabaiiens, ~ ten ine in,  t+enee. 
. 7 Po, + Pret, ™ . sy Po, + Preis 
0 35 0°028 1:0 0 36 0°028 ‘ 
25 19 0°0525 1°7 10 22 0°045 *2é 
50 12 0°083 67 20 16 0°0625 
75 8 0°125 ‘9 28 10 0°10 
45 7 0°14 


induction period masks the detection of a reaction, but this is extremely unlikely, for the reaction 
mixtures were observed over long periods. 
If the partial pressure of oxygen in the mixture is high, however, it is sometimes possible to 


observe a measurable reaction at pressures below the explosion limits. This reaction is not 
reproducible either in occurrence or in general course. Usually when it occurs at all, it is fairly 
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fast and proceeds to a definite end-point. At first it was thought that this reaction could only 
be observed within a narrow range of pressures just below the lower critical limit; subse- 
quently, however, exceptions were noted. 

The results suggest that the course of the reaction is primarily determined by the state of 
the vessel walls; the estimated order is zero, but it is doubtful whether this has any significance. 
In one respect the reaction is reproducible, for the pressure decrease, Ap, is usually 150% of the 
initial pressure of triethylphosphine (Table IV). Some typical runs are shown in Fig. 4. The 
product of the measurable reaction is a colourless oil. 


TABLE IV. 


Temperature, 60°. 
Vessel diameter, 2°5 cm. Vessel diameter, 3°5 cm. 
bo, Induction period, Ap, Ap,as% prem, po, Induction period, Ap, Ap, as% 
mm. secs. mm of prxt,- mm, mm. secs. mm. of ppxt,- 
200 15 23 153 10 97 12 15°8 158 
100 90 23 153 10 81 10 17 170 
200 21 15°5 155 10 45 19 15 150 
100 18 15°5 148 10 43 10 16 160 
200 30 75 150 
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DISCUSSION. 


It is clear that limit phenomena are involved in the oxidation of triethylphosphine ; the 
lower critical pressure for explosion is well established. That a measurable reaction at 
lower pressures is occasionally observed is not contrary to this result, since it appears to 
be a surface rather than a gaseous reaction. It seems, however, that the relationships are 
more involved than in the oxidation of phosphine or in other reactions which exhibit 
explosion limits. 

The influence of inert gases reveals that they may primarily function by decreasing 
the possibility of deactivation on the vessel walls. That the product ppy,ho, is not 
constant at any given temperature in a given vessel in the absence of inert gas, may be 
due to the fact that there is also gaseous deactivation of some kind, or alternatively, the 
much larger size of the triethylphosphine molecule may lead to abnormal effects. 

It seems likely that oxygenated products are concerned in the reaction chains, but 
there is no direct proof of this. Melville (Trans. Faraday Soc., 1932, 28, 814) has attempted 
to calculate u (see p. 1231) in the various reactions from the data on the inert-gas effect. 
The results for argon and nitrogen in several cases are given below : 


Calculated values of p. 
H 2-O2 . PH 3-O2 . CS,-O, . P,-O,. CO-O, . 
A 1°5 or 1°16 0°9 0°64 0°46 1-2 
N, 1°9 or 2°35 0°3 0°42 0°37 0°6 


It is questionable whether the general theory should be applied to a calculation of u 
in the oxidation of triethylphosphine because, in the absence of inert gases, the product 
hrxt,Po, is not constant. In spite of this it might be legitimate to plot the lines in Fig. 3 
since the pressure of triethylphosphine was constant. Assuming the validity of the . 
equation 





1 » 1 px 
Pert Po, PutPo, (2 + Pent, + 5a) 


one obtains the following values: ps, = 1:2; uyg = 2-4. These are noticeably higher 
than those calculated for other reactions, and it would be logical to infer that in this re- 
action the active centres have a relatively high mass, 7.e., may consist of oxygenated 
products of a peroxidic character. It is, however, not certain how much importance 
should be attached to this result, for a later series of experiments using carbon dioxide as 
inert gas gave an apparently low slope for the graph, and up = 0-64. The data are given 
below : 
Temperature 60°. Pressure of triethylphosphine 18 mm. 


0 20 43 
36 29 20 


The anomalies may, however, arise in consequence of gaseous deactivation processes. 
Originally the remarkable agreement between theory and experiment was discovered in 
reactions, such as the oxidation of phosphine, where much smaller total pressures are 
involved than in the present case. The extent to which surface deactivation, and hence 
diffusion effects, will be important should decrease as the pressure increases, and it is 
reasonable to assume that at the higher pressures some gaseous collisions will lead to 
deactivation. In particular, inert gases such as nitrogen and argon may therefore be 
deactivators as well as agents which retard diffusion, and the above approximation to 
linearity may be somewhat fortuitous. 

The following cycle of changes is suggested as leading to equations and relationships 
closely similar to those found : 


(1) PEt, + O, —~> active centre A (4) A + N, —~> inactive molecules 
(2) A + O, —~ inactive molecules (5) A + PEt, —~> products —> aA 
(3) A + wall —> ” ” 
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(1) represents the formation of reaction centres in a reaction between triethylphosphine 

and oxygen: this may occur in the gas phase or on the vessel walls; (2) expresses a 

deactivation by oxygen, (3) by the wall, (4) by nitrogen; (5) leads to the final product’ 

and a cycle of changes as a result of which « fresh active centres arise from each original one. 
Then, for a stationary state, 


af[A 
“UA = b,{0,][PEty] — by[O,]A] — bylA] — Rg{AJNg] — bel A[PEty] + ak fA[PEty] = 0 


dt 
ui k,[PEt, [0] 
whence (Al = 5 ROa] + BNa] + (1 — a) PEG) 


If the rate is determined primarily by (5), 
rate = k,[A][PEt,] = 





k,k,[PEt,}*[0,] ae Ds 
ks + k[O.] + RN.] + (1 — «A, [PEts] 


Hence, for a sudden transition to explosion, i.e., at the “limit,” 
ks + k,[O.] + &[N.] + (lL—«)k [PEt] =0 . . . . (6) 
In the absence of inert gases, this becomes 
kg + k,[O,] + (1 — «)k,[PEt,] = 0 


As already explained, the experiments show that in a given vessel at a given temper- 
ature [PEt,][O,]'” is approximately constant. This result can be expressed in the form 
[PEt,][0,]/{a + b[O,]) = 4 where a and 6 are suitable coefficients. Then 


ar. + bal[O,] — [O,][PEt,] = 0. 
This relationship is similar to that required by the theory, viz., 
ky + ka[O2] — (« — 1)k,[PEts] = 0. 


Identity of the two equations would imply a proportionality between (« — 1) and [0,], 
t.¢., the efficiency of chain propagation should be proportional to the oxygen concentration. 
If deactivation by means of (2) were not operative, this proportionality might be easily 
understood ; but if gaseous deactivation plays an important part (similarity of the terms 
b{O,] and k,[O,]) it is not so obviously explained. It seems probable that oxygen can act 
in both ways, but that the gaseous deactivating influence is the less important. 

The above chain scheme and the resulting equation (6) give a qualitative interpretation 
of the depression of the oxygen concentration by increase in inert-gas concentration. With 
nitrogen as inert gas, the total pressure (py, + o,) at the limit is approximately constant. 
This may imply a rough equality of k, and ky, the velocity coefficients of deactivation by 
oxygen and by nitrogen respectively, a result which might be expected. 

Note.—In an attempt to use sulphur dioxide as an inert gas, it was found to react 
with triethylphosphine. The pressure decrease was 200% of the initial phosphine pres- 
sure when the dioxide was in excess, and the “ order” about unity with respect to each 
reactant. This reaction was not examined further. 





SUMMARY. 


The oxidation of triethylphosphine vapour is a chain reaction. Explosion occurs 
within a critical range of pressure. Outside this critical region, reaction is slight and, 
when it occurs at all, is determined by surface conditions. The influence of vessel 
dimensions, temperature, and inert gases upon the critical pressures for explosion is 
qualitatively in accordance with that to be expected, but there are complications; ¢.g., 
deactivation in the gaseous phase is probably important as well as that occurring on the 
vessel walls. 


THE O_p CHEMISTRY DeEptT., UNIVERSITY MusEUM, OXFORD. [Received, June 19th, 1933.} 
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290. The Mechanism of Bimolecular Reactions in Solution. The 
Addition of Methyl Iodide to Pyridine in Several Solvents. 


By H. W. TuHompson and E. E. BLANDON. 


THE success of the “ collision theory ” in explaining the rates of thermal homogeneous 
gas reactions has made it desirable to discover whether it is also applicable to reactions 
occurring in solution. Bimolecular reactions in solution appear to fall into two classes. 
On the one hand there are processes the rates of which are given by the simple formula 
z. eR z being the collision frequency, and E the energy of activation; and on the other, 
there are many reactions the measured rate of which is considerably lower than this calcu- 
lated value (Grant and Hinshelwood, this vol., p. 258). A comparison of the rates and 
energies of activation of the same “ abnormally slow ”’ reaction when occurring in different 
solvents suggests that the slowness of the reaction does not arise as a result of solvent 
deactivation, and there are other experiments which confirm this view (Moelwyn-Hughes 
and Hinshelwood, J., 1932, 230). It appears that the difference in the rate in different 
solvents is due to catalytic action on the part of the solvents. Moelwyn-Hughes has 
summarised the relevant data and theories on the subject (Chem. Rev., 1932, 10, 241) : one 
generalisation is that reactions between neutral molecules are usually “ slow,’”’ and those 
between a neutral molecule and an ion are “ normal.” 

It is clear that further information regarding bimolecular reactions in solution is 
needed. The present paper summarises measurements on the addition of methyl iodide 
to pyridine in several solvents. The reaction is bimolecular, and the measured rate is 
some powers of ten lower than that of the hypothetical gas reaction occurring at the same 
temperatures with the energy of activation measured for the solvent reaction. Com- 
parison of the rate in any two solvents shows that it is higher the higher the energy of 
activation. 

The velocity of addition of methyl iodide to pyridine in acetylene tetrachloride was 
measured by Essex and Gelormini (J. Amer. Chem. Soc., 1926, 48, 882). Over the range 
0—40° the Arrhenius energy of activation was 13,200 cals. At 60° the bimolecular velocity 
constant was 1-82 x 10°. Norris and Prentiss (ibid., 1928, 50, 3042) compared the rate 
of addition of ethyl iodide to pyridine in different solvents; and Kerr (J., 1929, 239) and 
also Muchin and Ginsburg (A., 1931, 315, 316) made similar measurements with allyl 
bromide. Another closely-related reaction, the addition of ethyl iodide to triethylamine, 
has recently been reinvestigated by Moelwyn-Hughes and Hinshelwood (J., 1932, 230), 
and also by Grimm, Ruf, and Wolff (Z. physikal. Chem., 1931, B, 18, 301). The rate at 
which this reaction proceeds in carbon tetrachloride is about 10° times smaller than that of 
the hypothetical gas reaction with the observed energy of activation. 


EXPERIMENTAL. 


The solvents used were supplied as pure by Messrs. Harrington, and were redistilled from 
calcium chloride. The methyl iodide was washed with potassium iodide solution, then with 
water, dried, and redistilled; the final product was quite colourless. The pyridine was distilled 
twice after drying with calcium chloride, and the final fraction boiled within 0-5°. 

Solutions of the reactants were made up separately and introduced in the required proportion 
into clean test-tubes, which were then sealed off and placed in the thermostat. After suitable 
intervals, a tube was removed, broken at the tip, and the contents poured into 50 c.c. of cold 
distilled water, which checked the reaction. The quaternary iodide present was then titrated 
with N/100-silver nitrate with eosin as indicator. 

Results.—In the tables, some typical results are set out in detail, and the remainder sum- 
marised ; a and b are the concentrations (g.-mols. /l.) of methyl iodide and pyridine respectively, 
¢ the time in minutes, x the concentration of quaternary iodide estimated, and k the bimolecular 
velocity constant; the temperature is also given. With initial concentrations of approxim- 
ately the same value, k was determined from the expression x/a(a — x)t; with unlike initial 
concentrations the expression 1/(a — b)t. log. b(a — x) /a(b — x) was employed. Corrections 

4M 
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were made where necessary for the time of heating of the solutions immediately after immersion 


in the thermostat. 
Chloroform. 


At 60°; a= 0°0322; b = 0°3013. At 42°6°; a= 0°0796; b = 0°0790. 
10x. k x 104, Mean. t. 10x. k x 104. Mean. 


0-282 4°28 625 0-213 1:28 
0°401 4°32 840 0°270 1:28 
0°536 4°33 4°34 1149 0°335 1°34 
0°648 4°39 1438 0°375 1°31 
0°721 4°40 2107 0°453 1°33 

2647 0°453 1:28 


k x 104 k x 104 k x 104 
Temp. a. b. (mean). Temp. a. b. (mean). Temp. a. b. (mean). 
60° 0°0322 0°3103 4°39 50° 0°1454 0°1502 2°38 42°6° 0°0273 0°0271 1:27 
60 0°2418 0°0610 4°31 50 0°0703 0°2243 2°28 42°6 0°0762 00796 1°44 
60 O°1177 071212 4:34 42°6 0°0594 0°0658 1:28 426 0°1044 071095 1°31 
50 0°1406 071163 2°23 


These results are collated in the following table, JT being the absolute temperature. 


Temp. g 10°/T. k x 104. log io. 
60° 333° 3-003 4°34 4-6375 
50 323 3-096 2-30 4-3617 
42°6 315°6 3°169 1-30 4-1139 


By plotting log, against 1/7, a good straight line is obtained, giving the energy of activation 
E = 14,200 cals. The constants are well represented by k = 5 X 10*/T . e-14,200/87, 


Anisole. 
k x 104 k x 10 k x 104 
Temp. a. b. (mean). Temp. a. b. (mean). Temp. a. b. (mean). 
60° 0°1269 0°1266 8:99 50° 071480 071478 4°46 42°5° 0°1696 0°1715 2°63 
60 071558 0°1566 8°78 50 071515 0°1578 4°46 42°5 0°1385 0°1275 2°64 
60 071108 0°1124 8-82 42°5 0°1305 0°1248 2°66 


The plot of log,’ against 1/7, from the following results, is linear, giving E = 14,300 cals., 
and the results agree with k = 1:3 x 105. VT . e714,300/K7, 


Temp. T. 108/T. k x 104. log io’. 
60° 333° 3-003 - 8°86 4-9474 
50 323 3-096 4°46 54-6493 
42°5 315°5 3°170 2°64 4-4216 


Nitrobenzene. 
k x 10° k x 108 k x 10 
Temp. a. b. (mean). Temp. a. b. (mean). Temp. a. b. (mean). 
60° 0°08 071095 4°85 60° 0°0998 0°0889 4°73 50° 0°0795 0°08 2°38 


The velocity constants from these data are ks» = 2-38 x 10° and Rey = 4:8 x 10°, giving 
an energy of activation of 15,000 cals., and the general expression k = 1-85 x 10%. YT . e-15,000/K7, 


Carbon Tetrachloride. 


This, the first solvent employed, is regarded as ‘‘ normal ’”’ in the sense that some reactions 
proceed in it at the same rate as they would if occurring in the gas phase at the same tem- 
perature; and also in the sense that reactions are usually “ slow ” in this solvent as compared 
with others. 

In the Series I, at 60°, the mean value of k was 2-53 x 10-5. Ima later series (II) it increased 
somewhat to 2-62 x 10-°, though this was probably an under-estimated mean. In Series III there 
was a noticeable increase to 3-35 x 10-, and it became clear that some factor, possibly gradual 
absorption of water vapour by the solvent, was producing a steady increase in the rate. 
Accordingly, a fresh sample of the solvent was carefully dried and a new series carried out. 
The constants were somewhat irregular, but noticeably lower (Series IV), whereas later, Series V, 
they increased slightly. 
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k x 165 k x 105 

Series. a. b. 6. 10x. andmean. _ Series. a. b. ‘ 10x. and mean. 
I 0°1948 0°1935 945 0°399 2°34 III 0°2273 0°2694 1300 0°954 3°17 
1015 0°447 2°51 1400 1:°038 2°84 

1060 0°482 2°67 ;2°53 1760 1°218 3°74}3°35 
1370 0°551 2°47 2705 1°374 3°14 

1440 0°598 2°64 3090 1°544 3°97 

II 0°1968 0°1969 1240 0°570 2°77 IV 0°2285 0°2280 1136 0°525 1: 
1300 0-619 2°89 1500 0°676 
1360 0°603 z34[ 2500 0:980 


Oo ob 


a 
= 
} 
—) 


~— 


1670 0-621 2°34 3890 1-069 
2680 0°832 2°34 V  0:2088 0:2619 2340 1°87 
2770 1-226 
3760 1°491 
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It is therefore clear that in carbon tetrachloride kg. is approximately 2-0 x 10°, but may 
increase in some peculiar manner. In another series at 50°, Rs had the value 1-0 x 10°. 
From these values for k, the energy of activation would be 14,800 cals., and the rate is expressed 
by k = 6-3 x 10°°/T., e-4,800/K7, 

DIscussION. 


The velocity constant of a bimolecular reaction is expressed in terms of the collision 
theory by 


= |My +M, (0 +6,\2_ 
= §- 25 1 2/-1 2 EIRT 
k = 5-71 x 10 VF iM, (25) ¢ 


where M, and M, are the respective molecular weights of the reacting molecules, o, and o, 
their molecular diameters, and k is expressed in litres per g.-mol. per sec. 

Values of the molecular diameters of methyl iodide and pyridine are not available. 
According to Landolt-Bérnstein og, = 4:1 x 10% and ogg, = 3-4 x 10%. The 
values assumed are ogy = 4 X 10% and oog. = 3-5 x 10% cm.; whence hea, = 
1124 x 10/T . eF/R?, 

In chloroform the ratio Reajc,/Rops, = 2°2 X 105, 7.ec., the reaction proceeds about 105 
times as slowly as the hypothetical gas reaction with the same energy of activation. In 
anisole the discrepancy is 9 x 10, and in nitrobenzene 6 x 10%. In carbon tetrachloride 
the measured rate is 1-8 x 10® times smaller than that calculated, but the data here are 
less trustworthy. 

The reaction between pyridine and methyl iodide in different solvents, therefore, 
provides another instance in which the reaction in solution proceeds much more slowly than 
the corresponding hypothetical gas reaction with the same energy of activation. The 
relative velocities in different solvents are in agreement with what is usually found. The 
following table indicates how the present measurements fall well into line with previous 
ones (cf. Moelwyn-Hughes, Chem. Rev., loc. cit.). It can be seen that the quantity 
E + 108 log Rec. /Rops, is approximately constant for the series of reactions given. 


Reaction. Solvent. E. Reatc./Rovsy EL + 10° log Reaic./Rovs,- 
CH. 11,190 1-9 x 10° 20,500 
C,H,Cl, 11,680 10? 19,000 
(CH;),CO 11,710 107 19,500 
C,H,;*NO, 13,020 107 20,300 
C,H,Cl, 13,220 105 18,900 
(CH;),CO 13,680 10? 21,000 
CHCl, 14,200 105 19,500 
C,H,;*OCH, 14,300 104 19,300 
C,H,;"CH,OH 14,400 104 19,200 
C,H,;-OH 14,740 104 19,300 
C,H,°NO, 15,000 10° 19,000 





He OS Be Ore oe bo 
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Once again the result emerges that the disparity between the calculated and the 
observed rate is least when the energy of activation is highest; so that deactivation by 
solvent molecules cannot be responsible for the low rate and for the difference in rate in 


different solvents. 
It is not possible to discuss the applicability of any of the various hypotheses which 
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have been suggested to explain the abnormally small reaction rate. It seems hardly 
likely that the “ orientation ”’ factor or the “ phase’ factor could lead to the discrepancy 
found. On the other hand, the influence of careful drying of the solvent, found to be so 
important with carbon tetrachloride, may indicate that ionisation phenomena play a part 
in the mechanism. 


The Reaction between Methyl Iodide and Pyridine in the Gas Phase.—No previous measure- 
ments have been made on this process. In the addition of ethyl iodide to triethylamine, an 
analogous reaction, Moelwyn-Hughes and Hinshelwood (/oc. cit.) found that the rate in the gas 
phase is of the same low order of magnitude as in carbon tetrachloride or hexane, i.e., the 
calculated velocity constant for a gas reaction having the energy of activation of the reaction in 
solution is 10* times higher than that observed. 

Weighed amounts of pyridine were sealed in small glass capillaries, and introduced into dry 
cylindrical glass tubes of known volume (ca. 50 c.c.). Methyl iodide vapour was introduced to 
the required pressure, the tubes sealed off, and the capillaries broken by shaking. The tubes 
were then immersed in an oil-thermostat maintained at the required temperature, and on 
removal after suitable intervals the progress of the reaction was estimated as already described, 
the quaternary iodide formed being washed out with water. 

A difficulty arises in that some reaction of the methyl iodide vapour appears to occur with 
the liquid pyridine at room temperature before the latter becomes vaporised at the temperature 
of the bath. 

Measurements of the temperature coefficient were made, but since the reaction is in itself 
erratic, they are not significant. The process is almost certainly predominantly a surface 
reaction. Nevertheless, one important result emerges. The measured bimolecular velocity 
constant of the reaction at 215° is approximately 0-25 1./g.-mol./sec. (three values were 0-22, 
0-28, and 0-24). The velocity constant of the reaction in chloroform at this temperature would 
be about 0-45. It is therefore clear, despite catalysis by the vessel walls, that the gas reaction 
has approximately the same rate as the reaction in chloroform, and may be slower than that in 
nitrobenzene. Thus the “ slowness ”’ in the solvents cannot be due to deactivation by the 
solvent molecules. The relationships are essentially the same as those found by Moelwyn- 
Hughes in the other reactions mentioned above. 


SUMMARY. 


The kinetics of the addition of methyl iodide to pyridine in several solvents has been 
investigated. Some measurements on the reaction in the gas phase were also made. The 
rate at which the reaction proceeds in the solvents is some powers of ten lower than that 
of the hypothetical gas reaction having the same energy of activation. The discrepancy 
is not due to solvent deactivation, for the reaction in the gas phase is also “ slow”’ and of 
about the same velocity as in the solvents. In the solvents studied, the rate is lowest 
in carbon tetrachloride and highest in nitrobenzene, the energy of activation being greatest 
in the latter solvent. Careful drying affects the rate noticeably in carbon tetrachloride; 
ionisation may be important in the mechanism. 


THE OLp CHEMISTRY DEPARTMENT, 
UNIVERSITY MusEuM, OXFORD. [Received, June 26th, 1933.] 





291. The Ignition of Gases. Part VIII. Ignition by a Heated Surface. 
(a) Mixtures of Ethane, Propane, or Butane with Air: (b) Mixtures 
of Ethylene, Propylene, or Butylene with Air. 


By C. A. NAYLor and R. V. WHEELER. 


(a) Mixtures of Ethane, Propane, or Butane with Air. 
By the same method and with the same apparatus as was used for mixtures of methane 
with oxygen and nitrogen, argon, or helium (see Part VII; J., 1931, 2456 *), the relative 
ignition temperatures for series of mixtures with air of ethane (I—11%), propane (1—12°%), 
* Numbered Part VI in error. 
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and u-butane (l1—10%) have been determined and are recorded graphically in Fig. 1 for 
two sizes of quartz reaction vessels: I, 48 c.c. (ratio, surface/volume 1-3) and II, 440 c.c. 
(ratio, surface/volume 0-6). The “lags” on ignition were: Ethane, vessel I, between 
21 sec. (1-2% ethane at 608°) and 82 sec. (10-9% ethane at 539°); vessel II, between 
30 sec. (1% ethane at 577°) and 742 sec. (9-9% ethane at 498°). Propane, vessel I, between 
6 sec. (1% propane at 615°) and 24 sec. (12-05% propane at 529°) ; vessel II, between 20 sec. 
(0-9% propane at 551°) and 131 sec. (10-0% propane at 481°). Butane, vessel I, about 
the same, 14 sec., for all mixtures; vessel II, from 22 sec. (1-0% butane at 533°) rising 
to 32 sec. (3% butane at 490°) and then falling to 10 sec. (10-5% butane at 441°). 

We have shown that the reactions between methane and oxygen (in admixture with an 
inert gas) resulting in the production of flame, when the mixture is admitted to a heated 
vessel, are thermal reactions catalysed by the products of an initial slow and flameless 
combustion. The present work deals with the reactions that occur, under similar conditions, 
with mixtures of ethane, propane, or butane 
with air. It is found that, although the Fic. 1. 
reactions are of the same general character 
as with methane, yet there are important \\ 

\ 








differences, namely : 

(1) With mixtures of methane and air, 
the ignition temperature is lowest and the 
“lag ”’ at that temperature is longest when 
there is excess of oxygen; whereas with the 
higher paraffins the lowest ignition temper- \ 
atures and the longest “lags” at those 
temperatures are obtained when there is \ 
excess of the paraffin. 

(2) At a given temperature higher than 
the ignition temperature, the “lag” with 
methane is shortest when there is excess of 
oxygen, and with the higher paraffins it is 
shortest when there is an excess of the paraffin 
(see also, ‘‘ The Ignition of Gases, Part IV,” I. Reaction-Vessel 48 cc. 
Bug 1924, 125, 1869). I Reaction-Vessel 440c.c 

(3) With mixtures of methane and air, 
the reactions occurring below the ignition 
temperature are retarded by traces of iodine, 
ethyl iodide, or ethyl bromide; whereas with ; WE. a. 
ethane the corresponding reactions are ae CHS Se gare 
accelerated by these substances. 

(4) With methane, the addition at the outset of small amounts of the intermediate 
products of oxidation, formaldehyde or carbon monoxide (or both), accelerates the re- 
actions; whereas with ethane such additions have no appreciable effect. 

We have studied the reactions that occur during the oxidation of the higher paraffins 
(more particularly ethane) preliminary to the production of flame within a closed vessel, 
by rapidly withdrawing samples of the gases for analysis after measured intervals of time, 
in the same manner as when dealing with methane (loc. cit., p. 2459). The information so 
obtained enables an explanation to be given for the differences in behaviour enumerated. 

The initial reactions with the higher paraffins, under the conditions of the experiments, 
include their thermal decomposition, with the formation of the corresponding olefin (see, 
in this connexion, Hague and Wheeler, J., 1929, 378), the ignition temperature of which 
is lower by 15—25° (see p. 1244). Mixtures of ethane, propane, or butane with air, there- 
fore, are more readily ignited the greater the concentration of the paraffin; in contra- 
distinction to the behaviour of mixtures of air with methane, which is thermally stable 
at its ignition temperature. 

The effect on the (surface) reactions between methane and oxygen of extraneous sub- 
stances such as iodine, is to retard them, and the effect is most pronounced when they are 
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present in small quantities; whereas, with a mixture of ethane and air, such substances 
accelerate not only the surface reactions but also those that result in flame, the more so 
the greater their concentration. It would seem as though the oxidation of the products 
of decomposition were first accelerated, and that, in consequence, the rate of decomposition 
of the paraffin were then increased. Pease (J. Amer. Chem. Soc., 1929, 51, 1839) has shown 
that with mixtures of propane and oxygen decomposition of the hydrocarbon is excited 
by its simultaneous oxidation and, also, that it is necessary to approach the temperature 
for thermal decomposition before any oxidation occurs. 

The reaction between ethane and oxygen at temperatures below the ignition tempera- 
ture has been stated to be a chain reaction (see, ¢.g., Bone and Hill, Proc. Roy. Soc., 1930, 
A, 129, 434). Such a reaction is usually characterised by a high temperature coefficient 
and, if explosion can occur, by a sudden transition from slow to explosive reaction. The 
reactions studied in the present research, with ethane and air, have low temperature 
coefficients which decrease with increase of temperature range. The values, obtained 
by assuming that the reciprocal of the “ lag ” on ignition affords an approximate measure 
of the rate of reaction, are: 


k (average). Heat of activation, E, cals. 








Temp. range. 48-c.c. vessel. 440-c.c. vessel. 48-c.c. vessel. 440-c.c. vessel. 
610—750° 1:19 115 31,000 25,000 
1°17 1-11 30,000 19,000 
114 1:10 22,000 16,000 


The reactions are not isothermal. At orabove the ignition temperatures of the mixtures, 
the rate of liberation of heat in the system exceeds the rate at which it is dissipated; the 
temperature rises and the increase of temperature causes the reactions to accelerate until 
ignition occurs. These are characteristics of thermal reactions. 

It appears that when nitrogen is present, as in our experiments, the reactions between 
ethane and oxygen at temperatures below the ignition temperature are modified; for 
Bone and Hill (loc. cit., p. 441) record the formation of both acetaldehyde and formalde- 
hyde when 2C,H, + O, was heated at 303—305° or C,H, + O, at 313—316°, whereas in 
none of our experiments (at 528° and 538°) could the presence of acetaldehyde be detected. 
Moreover, in our experiments the early formation of ethylene is important, whilst in those 
by Bone and Hill, none (or but a trace, presumably produced by the secondary decom- 
position of ethyl alcohol) could be detected; no doubt because their experiments were 
carried out at temperatures well below the decomposition temperature of ethane (ca. 460°). 


EXPERIMENTAL. 


The apparatus and method of experiment have been described in detail in J., 1931, 2456. 
Briefly, the reaction vessel was a cylindrical vessel of transparent quartz heated in an electric 
resistance furnace. One end of the vessel could communicate with either (a) a recording mano- 
meter, for registering the moment of ignition and the duration of the lag, or (b) an evacuated 
glass globe of 4-l. capacity, for rapidly withdrawing samples of the reacting gases; the other 
end was connected to the bell of a small gas-holder of special construction and hence to a 
vacuum pump. In carrying out an experiment, just sufficient of the chosen gas-mixture to 
fill the heated reaction vessel at atmospheric pressure was introduced into the gas-holder; the 
reaction vessel was then evacuated, and the mixture allowed to enter it rapidly by suitable 
manipulation of taps. Three reaction vessels were used, two, of 48 and 440 c.c. capacity, for 
determinations of ignition temperatures and “ lags,’’ and one, of 460 c.c. capacity, for studying 
the reactions during the “‘ lag’ period. The pure gases were obtained by repeated liquefaction 
and fractional distillation until the theoretical value C/A on explosion analysis was recorded. 
Each hydrocarbon was of 99-5% purity, the impurity being nitrogen. 

In addition to determinations of the “lags” at the ignition temperatures of the various 
mixtures, their values at higher temperatures were measured. These are recorded in Table I. 

These determinations confirm the evidence given by the records of ignition temperatures 
(Fig. 1), that the reactions resulting in flame are dependent on the concentration of the combustible 
gas, for the lag on ignition at each temperature is shorter the higher the proportion of ethane, 
propane, or butane present. The opposite effect was observed with methane (/oc. cit., p. 2460). 
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TABLE I, 


Lags on Ignition of the Paraffins at Temperatures above their Ignition Temperatures (secs.). 
Ethane. Propane. Butane. 


A 


Vessel I Vessel II VesselI Vessel IT Vessel I Vessel IT 
Temp. %. (48 c.c.). (440 c.c.). > (48 c.c.). (440 c.c.). , * (48 c.c.). (440 c.c.). 
pe _- 5°21 i 4°91 —_ 1-00 4°25 2°77 
j 17° 3°85 — 2°39 1°75 2°43 2°22 
, 2°63 i 2°01 —_ 3°20 1-48 1°63 
2°47 — 1:90 5°05 ; 1:38 
2°20 i 1°56 _- 7°55 ‘ 1-14 
1:36 _ 10°40 1-06 
— 1°48 
— 1°45 
1°24 — 
1°58 1°72 
1:07 —_ 
113 
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The Reactions during the Period of ‘‘ Lag.”—In a preliminary experiment, 40 1. of a 6% 
ethane-air mixture were passed slowly through the reaction vessel (460 c.c.) heated at 528°, 
and the products passed through (a) distilled water and (b) bromine. The aqueous solution 
was tested for alcohol, aldehydes, organic acids, and glycol, but only formaldehyde could be 
detected. The bromide formed was purified and found to be ethylene dibromide. 

In other series of experiments, the contents of the reaction vessel were rapidly removed 
after successive charges of the same mixture had remained in the vessel during measured intervals 
of time. Temperatures of 528° (6-23% C,H,) and 538° (6% C,H.) were used, the “ lags ”’ at 
these temperatures being 230 and 91 sec. The results of analyses of the samples are recorded 
in Table II. 

The percentages of formaldehyde and steam are calculated from the carbon and hydrogen 
balances. Tests for formaldehyde, with phenylhydrazine hydrochloride, potassium ferricyanide 
and hydrochloric acid (Schryver’s reaction), were made on each sample with positive results, 
No acetaldehyde could be detected by trimethylamine and sodium nitroprusside, a test capable 
of showing 1 part of acetaldehyde in 10,000. 

With mixtures of methane and air, the intermediate products begin to disappear as the re- 
action proceeds, and the previous addition of either formaldehyde or carbon monoxide accelerates 
the reaction. With ethane, however, it will be seen that the intermediate products, ethylene 
and formaldehyde, accumulate: the previous addition of either has relatively little effect, 
as the records in Table III show. 
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TABLE II. 


Analyses of Gases during Period of Lag on Ignition. 
(Ethane-air, 6°23% C,H,. Temp. 528°.) 


Duration of Analyses of gases, %. 
heating, =— 
secs. ‘ Og. C,H,. co. C,H. CH,O. 
4} 19-04 nil 0°29 5°92 0°30 
30 . 18°38 0°24 0°28 5°48 0°71 
60 , 19°11 0°43 0°25 5°54 0°20 
90 . 17°47 0°51 0°22 4°74 
121 17°97 0°67 0°39 5°00 
200 17°92 1°31 0°58 4°33 
228 , 15°64 2-06 1-80 2°63 
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(600% C,H,. Temp. 538°.) 
15 19°54 0°37 0°37 5-40 
34 : 19°10 0°53 0-06 5-13 
45 . 18-44 0-98 0-16 4°69 
60 18-29 1-00 0-40 4°54 
76 17°35 1-16 0°44 eat 
90 16-03 1:87 1-44 2-90 
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TABLE III. 
The Effect of Formaldehyde and Ethylene on the Lag on Ignition of Ethane-Air Mixtures. 


Mixture with air. Temp. Lag, secs. Mixture with air. Temp. Lag, secs. 


H,, 605% 526° 260 sg ano, 527° 187 
CH” 5%; CyHy, 1% ... 526 190 C,H, 5°8% ; CH,O, 005% -.. 537 97 
CH. 5-89, 527 265 C,H, 48%; C,Hy, 1%; f 527 146 

at, 5°8% 99  CH,O, 005% 67 


The Action of Ethyl Iodide and Ethyl Bromide.—Experiments with mixtures of methane 
and air (/oc. cit., p. 2466) have shown that the addition of traces of iodine, ethyl iodide, or ethyl 
bromide elevates the ignition temperatures and decreases the rate of reaction at lower tempera- 
tures. With ethane and oxygen (C,H, + O, at 316°) Bone and Hill (/oc. cit., p. 444) have found 
that the presence of iodine (1%) shortened an “ induction ”’ period of 30 minutes (during which, 
apparently, no reaction occurred) to 5 minutes, and a subsequent “‘ reaction ’”’ period of 70 
minutes to 25 minutes. We have found that the addition of traces of either ethyl iodide or 
ethyl bromide to a mixture of ethane and air accelerates the reactions at temperatures near the 
ignition temperature. The records given below illustrate this. 


The Effect of Ethyl Iodide or Ethyl Bromide on the Lag on Ignition of a 5-8°/, Ethane- 
Air Mixture. 


Temp. Lag, secs. Temp. __ Lag, secs. 


_— 527° 265 , 527° 23 
No addition 529 190 EtI, 0°20% {ae 22 


EtI, 0-:03% 527 163 EtBr, 0°10% 529 73 
: 527 59 527 83 
EtI, 0°10% 4 EtBr, 0:20% . { 529 a 


For comparison with the results recorded in Table II, an experiment was made in which a 
5-8% ethane—air mixture with 0-02% of ethyl bromide was heated at 527°, and the products 
were removed after 75 secs. The analysis showed : CO,, 0-26; O,, 16-85; C,H,, 1-66; CO, 1-45; 
C,H,, 2°89; CH,O, 0-79; H,O, 4-62%. If comparison is made, e:g., with the samples with- 
drawn after 90 secs. when a 6-23% ethane—air mixture was heated at 528°, it will be seen that 
the reactions took the same course when a trace of ethyl bromide was present, but were much 
accelerated. 

(b) Mixtures of Ethylene, Propylene, or Butylene with Air. 


The ignition temperatures of the olefins have been found to be 15—25° lower than those 
of the corresponding paraffins. The lags at the ignition temperatures are shorter with 
ethylene or butylene than with ethane or butane, but are longer with propylene than with 


propane. 
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At the temperatures used in our experiments, the reactions between the olefins and 
oxygen resulting in the production of flame are thermal reactions catalysed by the products 
of an initial slow and flameless combustion. The rate of reaction is influenced more by the 
concentration of the hydrocarbon than by that of the oxygen. This fact, taken in con- 
junction with the results of previous experiments with the paraffins, suggests that as a 
first step in the oxidation of the olefins there is decomposition; or decomposition and 
oxidation may be simultaneous. This view is confirmed by the production of formaldehyde 
in considerable quantities during the pre-flame period. 

The temperature coefficients for the reactions are low. Whereas with propylene the 
coefficient decreases with increase of temperature, it increases with ethylene and butylene, 
the increase being the more marked with ethylene. The approximate values for the 
temperature coefficients and the heats of activation with air between 600° and 750°, 
calculated on the assumption that the reciprocal of the “‘ lag ”’ on ignition affords a measure 
of the rate of reaction, are: 


Ethylene Propylene Butylene 
1°146 1117 
25,000 20,000 


Hinshelwood and Thompson (Proc. Roy. Soc., 1929, A, 125, 277) give for the heat of 
activation of ethylene with oxygen a value of 35,000—43,000 cals. 


EXPERIMENTAL. 


The ignition temperatures and lags on ignition have been determined in the manner previously 
described. The reaction vessel was of transparent quartz of 48 c.c. capacity. The results, 
which include determinations of the lags at different temperatures, are recorded in Tables , 


IV and V. 
TABLE IV. 


Relative Ignition Temperatures of the Olefins in Air. 


(Reaction vessel, 48 c.c. Ratio, surface: volume, 1-3.) 
Lag at Lag at Lag at 
ignition ignition ignition 
Ignition temp., Ignition temp., Ignition temp. 
temp. secs. C,H, %. temp. secs. C,H,, %. temp. secs. 
589° 4:1 1°65 582° 9°1 1-00 580° 4°6 
581 3°40 550 18°6 2°10 548 ‘8 
572 5 542 21-0 3°10 529 
559 : - 524 32°6 4°05 517 
552 510 43°3 5°10 502 
547 504 50°8 5°85 496 
541 499 62:2 7°30 488 
536 8:20 485 
531 9°20 484 
529 10°10 480 
528 --- 11-10 478 
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The Period of Lag.—A study of the reactions taking place during the pre-flame period was 
made by withdrawing samples of gas from the reaction vessel after given intervals of time in 
successive experiments and analysing them. A mixture containing 4-95% of ethylene in air 
was used in these experiments, the temperature of the reaction vessel being maintained at 540°. 
The ignition temperature of the mixture was 556°. 

The analyses showed that, when the duration of heating did not exceed 70 secs., the principal 
products were carbon monoxide, formaldehyde, and steam, with smaller amounts of carbon 
dioxide and higher olefins. When the time of heating exceeded 70 secs., the higher olefins 
disappeared, whilst the quantities of the other products increased. The results of three repre- 
sentative analyses are given in Table VI. 

The percentages of formaldehyde and steam are calculated from the carbon and hydrogen 
balances. Tests for formaldehyde were made during each experiment, and the results obtained 
confirmed those obtained from the analyses. 
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TABLE V. 


Lags on Ignition of Olefin—-Air Mixtures at Temperatures Higher than Their Ignition 
Temperatures. 


(Reaction vessel, 48 c.c.) 


Temp. C,H,,%. Lag, secs. Temp. C;H,, %. Lag, secs. Temp. C,H,, %. Lag, secs. 


600° 


2-60 
4°95 
6°95 
10°25 
13°80 
17°00 


1°25 
2°85 
6°10 
8°55 
10°25 
12-00 
14°25 


2°16 
1°25 
1:07 
0°84 
0-70 
0°62 


0°88 
0°69 
0°48 
0°39 
0°36 
0°34 
0°31 
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1:05 
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TABLE VI. 
Analyses of Gases during Period of Lag on Ignition. 
(4:95% Ethylene in air. Temp. 540°.) 


Analyses of gases, %. 
Duration of ,- ——* 
heating, secs. Higher olefins. CO,. C,H,. co. 
30 0°13 0-19 2-79 2°18 
70 0°24 0°28 2°06 2°95 
90 nil 0-70 2°17 2°89 





DISCUSSION OF RESULTs. 


From the curves in Fig. 2, it will be seen that the ignition temperatures decrease as the 
molecular weight of the hydrocarbon increases, and that the reactions resulting in flame 
are influenced mainly by the concentration of the combustible gas. ees 

Throughout the temperature range employed in these experiments, the lags on ignition 
with propylene are longer than those of ethylene or butylene, whilst the lags with ethylene 
become shorter than those of butylene at 750°. It is suggested that the lower rate of reaction 
with propylene as compared with ethylene is due to steric hindrance. Ethylene is readily 
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attacked by oxygen, but the presence of the methyl group in propylene hinders the entry 
of oxygen into the molecule. Propylene thus behaves as the first member of the series, 
whilst ethylene has certain properties not possessed by the other members, its character 
being thus in accordance with that of other compounds which are first members of a 
homologous series. 

Mardles (Trans. Faraday Soc., 1931, 27, 700) has examined the behaviour of ethylene 
in an engine cylinder, and has also studied its oxidation characteristics (e.g., the tempera- 
ture coefficient), which he found to be different from those of ethane and at variance, he 
suggested, with the hypothesis that the first transition during the oxidation of a saturated 
hydrocarbon is the loss of hydrogen and the formation of the corresponding olefin. From 
the correlation of the results of his engine experiments and those with a heated tube, 
Mardles concludes that the phenomena he 
observed can best be explained by the “ per- Fic. 2. 
oxidation ’ theory of combustion. We have 
proved that ethylene is produced in the pre- 
flame period during the oxidation of ethane, 
and that aldehydes are formed during the 
slow oxidation of both the paraffins and the 
olefins. Peroxides have not been detected 
by the use of a 5% solution of titanic sulphate 
in 5% sulphuric acid. It would seem, there- ‘ 
fore, that conclusions as regards pre-flame nent 
reactions to be drawn from “ heated tube ” 
experiments cannot with certainty be ex- 

: ; : 2p 
tended to explain the mechanism of com \ eed 























a 
bustion in flame. 

Lenher (J. Amer. Chem. Soc., 1931, 53, ; 

3737, 3752), who studied the oxidation of on fas 
ethylene at temperatures between 360° and _ a 
410°, using a flow method and a re-circulation as” 
method of experiment, has shown that the 

reactions are dependent on the experimental - 2 4 6 8 10 
conditions to a remarkable degree. He found Combustible Gas in Air. per cent. 

that formaldehyde was one of the principal 

intermediate products, whereas Thompson and Hinshelwood (loc. cit., p. 279), who used 
a static method of experiment at 400—500°, state that “‘ no trace of formaldehyde could 
be detected by Schryver’s test at any stage of the reaction.” From our experiments with 
ethylene and air, which agree closely with those of Lenher with ethylene and oxygen, 
it would seem that the most important reaction leading to the production of flame is the 
oxidation of the olefin to an aldehyde. 

Thompson and Hinshelwood, and Lenher also, have obtained evidence of a chain 
mechanism in the oxidation of ethylene, but at the comparatively high temperatures em- 
ployed in our experiments the reactions are not isothermal and accelerate during the lag 
period until flame appears. The reactions have, therefore, characteristics of thermal 
reactions. 


























Temperature °C. 
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SAFETY IN MINES RESEARCH STATION, 
Harpur HILit, Buxton. (Received, July 11th, 1933.) 








1248 Nathan and Watson: The Influence of 


292. The Influence of Nuclear Substituents upon Side-chain Reactions. 
Part I. 


By W. S. NATHAN and H. B. Watson. 


It has recently been shown by the authors (this vol., p. 890) that, assuming the simple 
collision theory to apply, the critical energy increment of the reaction of hydrogen ion 
with a #-substituted acetophenone, CgsH,X*CO-CH,R, is given by the expression 
E = Ey — C(u — ay®), where Ey is the value of E for the unsubstituted compound 
C,H,°CO-CH,R, p is the dipole moment of C,H,X, and C and a are constants for the series. 
It was further suggested that the relationship might be applicable, mudatis mutandis, over 
a wide field of reactions. 

In this series of communications it is proposed to examine the applicability of the 
equation E = Ey + C(u — ay) to the general problem of the influence of nuclear sub- 
stituents upon side-chain reactivity. It must be emphasised that the polar influences 
accounted for in this equation are only those of a permanent nature, and the critical 
increment cannot be expected to bear any simple relationship with the dipole moment 
if time-variable electronic displacements occur. The classification of polar effects as 
“inductive ” and “ tautomeric ’”’ has recently been extended by Ingold (Chem. and Ind., 
1933, 52, 434) to include both permanent and time-variable effects of each type. Thus, 
the tautomeric effect is divided into “ electromeric”’ (time-variable) and “‘ mesomeric ” 
(permanent) components, and an effect differing from the inductive only in time- 
dependence is spoken of as “ inductomeric.”” These terms are used in the sequel. 

Reasons have already been given (Nathan and Watson, /oc. cit.) for supposing that, 
in a consideration of the relative speeds at which a series of similarly constituted compounds 
enter into a given reaction under identical conditions, it is not necessary to take into 
account the free-space, phase, and steric corrections. If, therefore, such a series of com- 
pounds react at speeds which are in harmony with the simple kinetic equation, the critical 
increments may be expressed by 
E=c—RT log. ki{(M, + M,)/M,M,}*[(o, + o,)/2} [equation (4), Joc. cit.] or 
E = c — 2-303 RT E’, where E’ = logy, k/[(M, + M.)/M,M,]*[(e, + 9,)/2]?, and is the 
only variable term. This expression may be expected to apply to the side-chain reactions 
of a series of benzene derivatives differing only in one nuclear substituent, and the values 
of E’ have been calculated (by the method already described, Joc. cit.) in a number of cases 
where data are available (see references below) for such a series with substituents of widely 
different polar character. If Ey and Ey’ are the values of E and E’ for the unsubstituted 
compound (X = H), then EF — Ey = — 2-303 RT (E’ — E,’). 

Ingold and Rothstein (J., 1928, 1217) have grouped side-chain reactions in two classes, 
A and B, in which the change is facilitated respectively by accession of electrons to, and 
by recession of electrons from, the point of attack, and it has frequently been noted that, 
qualitatively, a substituent which accelerates the reactions of one type retards those of 
the other, and vice versa. Thus, the order CH, > H > Hals > NO, holds throughout 
Class A, and the reversed order throughout Class B. If, therefore, the relationship between 
the critical increment and the dipole moment of C,H,;X is of general application, the 
following expressions will hold: (1) for reactions of Class A, E = Ey — C(u — ay?) or 
E' = Eo’ + x(u — ap®), and (2) for reactions of Class B, E = Ey + C(u — ay?) or 
E’ = Ey’ — x(u — ap®). Reactions 1—7 in the following table are of Class B, and 8—13 
of Class A. 

Simple relationships are most likely to be found among the reactions of compounds 
where the variable substituent X stands in the m-position with respect to the side chain, 
for complications arising from electromeric effects will then be absent. An excellent test 
of the validity of the equation E = Ey + C(u — ay?) is provided, therefore, when E’ is 
plotted against » for the reactions of the m-substituted compounds included in the 
table. The curves so obtained are shown in Figs. 1 and 2 (which refer to reactions of 
Class A and Class B respectively), and they are identical in form for all the reactions under 
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Values of E’. 
8, : ' wii 
Substituent in m-position. 
8. 
X. 1. 2. 3. 4. 5. (30°.) (83°.) 11. 12. 13. 
H 1413 1443 1445 16°56 — 1150 13°64 1486 1443 ~~ 17°81 
le NH, 13°73 14:22 ~—s:14°41 16°34 _ ~- —_ — — — 
on NMe, — — — — 15°21 = — — — — 
Me 13°96 — 14°33 — 15°49 11°59 13°76 14°94 14°46 — 
on MeO 14:18 — — — 15°84 — — — — — 
aid Cl 14-98 —~ <= 16°98 16°48 10°61 13°00 1455 1419 = 17°37 
5 Br 15-02 ~- 14:90 17:04 1643 1060 12°95 — — _— 
ee I — — 14:83. 17:14 1631 10°60 =: 12°91 — — — 
er NO, 15°91 «3861529 «6151717861761 = 10°22—s«12°57)Ss«d14°04 = 13°73~—s:17°08 
he Substituent in p-position. Class A. 
b- r 
eS X. (30°.) (83°.) ~ 9% 10. ll. 12. 13. 
al H 11°50 13°64 \ 12°88 — 14°86 14°43 17°81 
Me 12°45 14°64 ~ 14:08 15°65 14°98 14°55 18°01 
at Cl 11°15 13°42 12°48 15°18 14°58 14:18 17°56 
AS Br 11-09 13°32 12°39 15-09 — — — 
] I 11°04 13°29 — 15°01 ~ — — 
oo NO, 10°12 12°48 — 14-04 13°65 13°42 17°01 
S; MeO = -- 15°94 15°80 — — — 
v — — 12-04 — — —_ _ 
4 oe os 15°47 — — — — 
Substituent in p-position. 
Is X. 1. 2. 3. 5. (55°.) (75°.) 7. 
fe) H 14°13 14°43 14°45 — 14°64 — 13-08 
™ NH, 12°48 — 13°71 — — _- — 
l NMe, _ _- — 14°16 = — — 
. Me 13°78 14°27 14°25 14°95 14°55 15°32 12°88 
MeO 13°44 14:03 14°11 15°19 — 15°30 — 
r MeS 13°99 — —_ — — — _— 
F 14°41 14°57 — ~- = “= — 
e Cl 14°75 14°73 14°71 16°34 14:97 15°77 13°26. 
Ss Br 14°81 14°77 14°71 16°30 14°86 15°67 13°33 
S I 14°81 14°76 14°65 16°28 14°75 15°59 13°24 
" NO, 16°12 15°40 15°25 ~- 15°15 — 14:07 
y The reactions referred to are as follows: Alkaline hydrolysis of (1) benzoic esters, (2) cinnamic esters, 
1 (3) benzamides, (4) phthalides; (5) prototropy of the ay-diphenylmethyleneazomethine system; (6) 
reaction of £-chlorosulphides with potassium iodide, (7) substituted benzoyl chlorides with isopropyl 
alcohol. 
(8) Hydrolysis of benzyl chlorides; (9) reaction of diphenylchloromethane with ethyl alcohol; 
(10) hydrolysis of B-chlorosulphides; (11) reaction of phenoxide ion with ethylene oxide, (12) phenoxide 
, ion with propylene oxide; (13) N-chlorination of acetobenzylamides. 
f References. (1) and (2) Kindler, Annalen, 1926, 450, 1; 1927, 452, 90; 1928, 464, 278. (3) Reid, 






(4) Tasman, Rec. trav. chim., 1927, 46, 653, 922. (5) Shoppee, J., 
(7) Norris and Gregory, J. Amer. 
1923, 42, 516, 775. 
(11) and 


Amer. Chem. J., 1900, 24, 397. 
1931, 1225; 1932, 696. (6) Baddeley and Bennett, this vol., p. 261. 
Chem. Soc., 1928, 50, 1813. (8) Olivier, Rec. trav. chim., 1922, 41, 301, 646; 
(9) Norris, Banta, and Blake, J. Amer. Chem. Soc., 1928, 50, 1802, 1808. (10) See (6). 
(12) Boyd and Marle, J., 1914, 105, 2117. (13) Williams, J., 1930, 37. 

The following values of dipole moments (e.s.u. <x 101%) are employed: Me, 0°39; Cl, — 1°56; 
Br, — 1°53; NO,, — 3°97 (Tiganik, Z. physikal. Chem., 1931, B, 18, 452); NH,, 1°52 (idem, ibid., 14, 
139); F, — 1:45; I, — 1°30 (Bergmann, Engel, and Sandor, ibid., 1930, B, 10, 114); MeS, — 1:27 
(idem, ibid., p. 397); MeO, — 0°8 (Estermann, ibid., 1928, B, 1, 141); NMe,, 1°58 (Fogelberg and 
Williams, Physikal. Z., 1931, 82, 28). 











consideration. It is evident that the equation holds throughout, except when the sub- 
stituent is a halogen. Other groups capable of a + 7 effect do not cause a similar 
deviation, and the relationship is therefore a general one for the influence of m-substituents 
upon side-chain reactions, halogens being excluded. 
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For halogens, the values of E’ always indicate an inductive effect (the only permanent 
effect here transmitted) corresponding with a dipole moment exceeding two units; 
e.g., for reaction 5, which obeys the equation exceptionally well [E’ = 15-58 
— 0-288 (u — 0-194u?)], the necessary value of uw for Cl is about — 2-2. The simplest 
interpretation is that, although the inductive effects of the halogens are actually 
of this magnitude, yet these atoms give rise also to permanent electronic displacements 
in the reversed direction, this effect being included in the experimentally determined dipole 
moment but not transmitted from the m-position. This additional factor may be identified 
with the “ mesomeric ”’ effect. The experimental dipole moment will then be a measure 
of the sum total of the inductive and the mesomeric effect, which are of opposite sign ; 
hence its relatively low value. In the case under consideration, the mesomeric effect 
is not transmitted, and the full influence of the inductive effect is observed. Confirm- 
ation of the above view is found in the fact that, whereas, for other — J groups the 
measured dipole moment of ArX is numerically greater than that of AlkX, the reverse 
is the case when X is halogen. This was pointed out by Sutton (Proc. Roy. Soc., 1931, 


Fic. 1. Fic. 2. 
Class A reactions : m-substituents. Class B reactions : m-substituents. 
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133, 686), who states that ‘‘ the aryl halides have numerically smaller moments than 
the alkyl halides, which proves that some other process besides polarisation occurs in 
these.”’ 

Mention has frequently been made of the inversion of the order of the halogens in 
reactions 1, 4, and 8, and the divergence from the expected sequence appears to be beyond 
the limit of experimental error. Walden and Werner (Z. physikal. Chem., 1929, B, 2, 25) 
have deduced theoretically the order I > Br > Cl > F for the values of the dipole moments 
of the halogenobenzenes, but there is overwhelming evidence that the inductive effects 
follow the order F > Cl> Br > I (¢.g., dissociation constants of carboxylic acids; % of 
m-derivative in nitration of benzyl halides), and the halogens stand in this order in re- 
actions 3and 5. The present work provides no explanation of the anomaly, but it is clear 
that no conclusions can be drawn from the dipole moments of the halogenobenzenes, which 
do not give a true measure of the inductive effects. 

It may be stated, then, with some degree of confidence, that the equation 
E = Ey + C(u — ay?) is generally applicable to the reactions of the side chain of a 
m-substituted benzene derivative, provided that the existence of a mesomeric effect be 
assumed for the halogens. A similar treatment of J-substituted compounds leads, how 
ever, to less definite results, the issue being frequently obscured, as would be anticipated, 
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by electromeric effects. The critical increments of the reaction of hydrogen ion with 
p-substituted acetophenones are given by the expression E = Ey — C(p — ap*), the 
halogen compounds showing no deviation (see curve, this vol., p. 892). In the light of 
the suggestion made above, this fact indicates that the mesomeric effect of halogen is 
transmitted, while the electromeric effect does not operate, 7.e., the polar influence of the 
halogen is exactly as measured in the dipole moment. The same remarks apply to re- 
actions 11, 12, and 13. In all these reactions the controlling stage is an addition process, 
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and the failure of the electromeric effect to operate may be due either to the absence of 

occur, or to the improbability that a collision will occur simultaneously with the momentary 

electromeric disturbance. It is difficult to visualise the operation, in the phenoxide ion 

the mesomeric effect differs from the electromeric in mechanism as well as in time- 

dependence. The activation of the a-carbon atom in acyl halides would receive a very 

Yates, this vol., p. 221) were in reality a “‘ permanent component ”’ or mesomeric effect, 

not involving covalency increase, and peculiar to the halogens. In the remaining reactions 

determining stage is the elimination of a Fic. 3. 

negative ion, and here the curve is, in Reactions 1, 2, 3, and 7: p-substituents. 

groups lying above. This is to be antici- 

pated, but the transmission of the electro- 

-chlorosulphide is peculiar, as is also am 

th tionally high velocity of reacti Br. 

e exceptionally high velocity of reaction 18 oN 

which might be attributed to errors in 

experiment were there not an analogy in 

(Williams, J., 1930, 37). 

among the Class B reactions of the ; 

p-substituted compounds. Reaction 6 MH, 

except that the value of E’ for the -3 

methoxy-compound is low, and, as in 

meric effect is unexpected. The transmission of this effect through one methylene group 

(but not two) appears to have an analogy in the nitration of the benzyl ether of guaiacol 

p. 407) and in the ready ionisation of halogen from chlorodimethyl ether (Cocker, 

Lapworth, and Walton, J., 1930, 446). Reactions 1, 2, 3, and 7 are complicated, as 

to compete with the — T of carbonyl, and groups capable of a + T effect (except possibly 

NH, in reactions 1 and 3) give low values of E’. It is surprising, moreover, that in all 

the pw? term changing in sign, 7.¢e, E=E 9+ C(u+ ap"); eg., for reaction 1, 

E’ = Ey’ — 0-897(u + 0-11lp?). A similar change in sign was observed when the dis- 

that case the expression referred to the difference of critical increments, and a departure 
. from the normal was perhaps not surprising. 

chain reactivity, accurate data must be obtained for reactions where complicating factors 

are reduced to a minimum, and efforts are being made to acquire such data. In spite, 


demand, sufficient unshared electrons already existing at the point where addition is to 
(reactions 11 and 12), of a permanent effect which involves a covalency increase. Perhaps 
simple explanation if the “‘ tautomeric ” effect to which it has been ascribed (Watson and 
of Class A (8, 9, and 10) the rate- 
general, of the usual form, with +7 
meric effect through the side chain of a en 
of the #-methyl compound in reaction 8, - 
* ih, 

the N-chlorination of aceto-p-toluidide 

More difficulties are encountered 
gives a curve of the form shown in Fig. 2, 
reaction 10, the operation of the electro- 
(Allan and Robinson, J., 1926, 376; compare Allan, Oxford, Robinson, and Smith, zbid., 
Shoppee points out (J., 1931, 1226), by the ability of the + T effect of the p-substituent 
these reactions the remaining groups are placed in an exceptional manner (see Fig. 3), 
sociation constants of substituted acetic acids were considered (this vol., p. 894), but in 

It is clear that, if further progress is to be made in the theoretical treatment of side- 
however, of the anomalous observations referred to above, the general conclusion may be 
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drawn that the equation E = Ey + C(u — ap?) is applicable to the side-chain reactions 
of p-substituted compounds in nearly all (perhaps, indeed, all) cases where the operation 
of electromeric effects does not complicate the position. Reactions such as the acid 
hydrolysis of benzoyl chlorides (Berger and Olivier, Rec. trav. chim., 1927, 46, 516) and 
of benzamides (Reid, Joc. cit.) are not included in the discussion for obvious reasons (com- 
pare Ingold, Ann. Reports, 1927, 24, 157); nor has attention been given to groups of such 
doubtful polar character as -CN and —CO,H. 

It may be pointed out that, in most cases, the results noted above could have been 
obtained by using log & in place of the calculated term E’. For the prototropy of aceto- 
phenones, however, where the differences between the & values are small, no relationship 
would have been traced if this simplication had been adopted. 


SUMMARY. 


1. The simple kinetic equation being assumed to be applicable throughout, there is a 
quantitative relationship between the dipole moments of CgH;X and the critical increments 
of the side-chain reactions of benzene derivatives having X as nuclear substituent. 

2. With X in the m-position, the expression is applicable in all the cases examined, 
except halogen substituents. The exception is attributed to a mesomeric effect, which is 
included in the dipole moment but not transmitted. 

3. With X in the £-position, complications (due mainly, at least, to electromeric effects) 
are frequently present, but the expression appears to be applicable when the issue is not 
thus obscured. 


The authors again record their indebtedness to Messrs. Imperial Chemical Industries, Ltd., 
for grants made to this Department. 
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293. Studies in Dielectric Polarisation. Parts VIII, 1X, X, and XI. 


By Eric G. Cowley and JAMEs R. PARTINGTON. 


Part VIII. THe DrrpoLt—E MoMENTs OF ALKYL NITRATES AND NITRITEs. 


In Part VII of this series (this vol., p. 312) the dipole moments of some nitro-compounds 
were recorded. The present part describes the moments of a series of alkyl nitrates and 


nitrites. 
EXPERIMENTAL. 


The electrical apparatus was the same as that described previously (J., 1932, 2812). The 
densities were determined in a 12-c.c. pyknometer with ground-glass caps, and the refrac- 
tivities in a Pulfrich refractometer. 

Preparation of Materials.—Benzene used for dielectric work was of A.R. quality. It was 
shaken over concentrated sulphuric acid and then washed with water. After being shaken with 
dilute caustic soda and again washed, it was dried with calcium chloride and then with sodium 
wire for some days, fractionated, head and tail portions being rejected, and was finally frozen 
out. 

The Nitrates.—The distillate from the action of nitric acid on the pure alcohol in the presence 
of urea nitrate was washed with water and dilute potassium carbonate, re-washed, dried by 
calcium chloride, and fractionated. 

The physical properties of the compounds were : 

Nitrate. B. p. D*’. nr", Nitrate. B. p. Dx". nw, 
Methyl 65°/760 mm. 1:2075 13748 n-Propyl 110°4°/770 mm. _ 1:0548 1:3979 
Ethyl 87°2/762 mm. 1°1084 13852 n-Butyl 135°7/770 mm. 10153 14063 


Results previously recorded are : 
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Methyl nitrate: b. p. 65°; D2 1-2096 (Perkin, J., 1889, 55, 682). 
Ethyl nitrate: b. p. 87°5—87°7°; D3. 11099 (Perkin, /oc. cit.); nz 13848 (Brihl, Z. physikal. Chem., 

1895, 16, 214). 
n-Propyl nitrate: b. p. 110°5° (Wallach and Schulze, Ber., 1881, 14, 421); D2. 1-0580 (Perkin, Joc. cit.) ; 

n® 1°3972 (Brihl, Joc. cit.). 
n-Butyl nitrate: b. p. 136°. 

The Nitrites—The nitrites were obtained by dropping a mixture of dilute sulphuric acid 
and alcohol into a solution of sodium nitrite. By gentle warming, the nitrite was distilled off, 
and collected in a vessel surrounded by ice. The compound was washed, dried (sodium sulphate), 
and fractionated. The measurements were made at 10° for ethyl nitrite and at 20° with propyl 
nitrite. 

Nitrite. B. p. Di.. ny. Nitrite. B. p. Dt. ns 
Ethyl (10°) 17°/760 mm. 0°9065 1:3418 n-Propyl (20°) 48°9—49°-4°/760 mm. 0°8861 1°3604 


Values in the literature are as follows : 


Ethyl nitrite: b. p. 17°5° (Mohr, Jahresber., 1854, 7, 561); D13* 0-900 (Brown, Pharm. J., 1856, 15, 


400). 
n-Propyl nitrite : D%" 0°8864; n”* 1:3613 (Léwenhertz, Z. physikal. Chem., 1890, 6, 588). 


Results —The polarisations and moments were calculated as in previous parts of this series. 
The atomic polarisation is included in the orientation polarisation. The solvent throughout is 
benzene, and yu is given in 10-'* e.s.u. 


Methyl nitrate. Ethyl nitrate. n-Propyl nitrate. 
é Pins . Py, " Pri» 

Ss D*. €. c.c. Se. D~. €. c.Cc. Se. D%. €. C.c. 
0 0°8789 2°275 26°49 — 0°8789 2:°275 26°49 0O 0°8789 2°275 26°49 
0°0143 0°8798 2°437 28°72 0°0122 0°8811 2°420 28°53 0°0145 0°8800 2°455 29°10 
070195 0°8814 2°492 29°42 0°0206 0°8827 2°530 29°96 0°0258 0°8822 2°597 31°01 
0°0407 O0°8861 2°737 32°24 0°0433 0°8864 2°823 33°52 0°0371 0°8842 2°747 32°92 
0°0488 0°8883 2°822 33°22 0°0575 0°8891 3°022 35°66 0°0444 0°8853 2°848 34:12 
0:0639 0°8908 3:007 35°09 0°0693 0°8923 3:192 37°33 0°0577 0°8883 3°016 36°10 


0:0680 0°8922 3:033 35°29 
P,,, = 186 c.c.; Pa= Wec.; Py = 96 cc.; Pea= Wcc.; Py = 23cc.; Pye= Mec.; 
P.. — Pe= lilc.c.; p= 2°85. P, — Pe= 179 c.c.; p= 2°91. P,, — Pe= 188 c.c.; p= 2°98. 


n-Butyl nitrate. Ethyl nitrite. n-Propyl nitrite. 


0 0°8786 2°274 2648 0 0°8861 2°312 26°73 0 0°8787 2282 26°60 
00128 0°8793 2°430 28°85 0°0302 0°8897 2°526 29°53 0°0152 0°8788 2°393 28°23 
0°0271 0°8818 2°614 31°41 0°0366 0°8912 2°568 30°01 0°0256 0°8789 2°467 29°25 
0:0340 0°8834 2°706 32°56 0°0518 0°8920 2°703 31°62 0°0392 0°8790 2°565 30°58 
0°0520 0°8864 2°940 35°52 0°0545 0°8926 2°724 31°85 0°0523 0°8793 2°666 31°93 


00600 0°8872 3°057 36°91 
Peo = 215 c.c.; Pe= 29c.c.; Ps. = 124c.c.; Pe= 18c.c.; Py = 132 c.c.; Pg = 22 c.c.; 
P.. — Pe= 186 c.c.; w= 2°96. P, — Pr= 106 c.c.; w= 2°20. P,. — Pe= 110 c.c.; p= 2°28. 


Discussion of Results. 
The moments found are summarised in the following table : 


Methyl nitrate 

Ethyl nitrate Ethyl nitrite 

n-Propyl nitrate , n-Propy] nitrite 

n-Butyl nitrate 
No previous determinations of the moments of these compounds can be found. Weiss- 
berger and Sangewald (Ber., 1932, 65, 701) determined the moment of amyl nitrite as 
2-27, which is very near our value for propyl nitrite. 

The moments of the aliphatic nitrates show a small increase from methyl to n-propyl 
nitrate, the moment there becoming constant. By assuming an oxygen valency angle of 
90°, which is supported by several recent results, and the moment of the CH,O- group as 
0-81, calculated from the value 1-32 for dimethyl ether, the nitrate group moment is found 
to be 2-73. The decrease in the moment of the ethers as the molecular weight of the alkyl 
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group increases is accounted for by a repulsion between the groups, so that the R-O- 
moment, where R is an alkyl group, may be assumed to be constant. Whilst the magnitude 
of the nitrate group moment approaches the values for the cyano- and the nitro-group, 
there is a much greater increase in the moment in the series of nitriles and nitro-compounds, 


as is shown below. 
Nitro- Nitro- 


Cyanide. compound. Nitrate. Cyanide. compound. Nitrate. 
3°11* 3°04t 2°85 P — 2°98 
3°34* 3°21t 2-91 - —- 3°32t 2°96 

* Werner, Z. physikal. Chem., 1929, B, 4, 371; Eide and Hassel, Chem. Zenir., 1930, 2235, give 
MeCN 3°51; EtCN 3°66. 
¢t Hunter and Partington, this vol., p. 312. 


It is evident that the nitro-group gives rise to induction along the hydrocarbon chain, 
while, as the moments of the nitrates are nearly constant, the nitrate moment may be 
assumed to act at an angle approaching a right angle with the chain. The noticeable 
difference between the nitro-compounds and the nitrates is thus due to the introduction 
of the oxygen atom. It is interesting to note that erythritol tetranitrate, C(CH,*O-NO,),, 
of moment 2-0 (Ebert, Eisenschitz, and Hartel, Z. physikal. Chem., 1928, B, 1, 94), was one 
of the tetra-substituted methanes found to be polar. 

In the series of aliphatic alcohols and mercaptans the moment is constant : the polarity 
is due solely to the polar group, and induction effects do not intervene. This conclusion 
agrees with the fact that phenol and thiophenol have the same moment as the corresponding 
aliphatic compounds. The nitrates and nitrites have a V-shaped structure, and it is not 
surprising that these two groups of compounds behave differently, since the nitrate group 
is a large one. The reason for a decrease in moment in the case of the ethers and a slight 
increase in these compounds, may be due to the difference in sign of the alkyl and the 
nitro-group, which tends to diminish the angle between them by electrostatic interaction. 

The measurements on ethyl nitrite were made at 10°, very close to the boiling point, so 
that the recorded moment may be somewhat low. The agreement between the present 
value for propyl nitrite and that of Weissberger and Sangewald for amyl nitrite indicates 
that, as for the nitrates, no further increase in moment occurs after the propyl compound. 
The group moment for the nitrite radical is calculated as 2-05. The isomeric nitro-com- 
pounds possess a distinctly higher moment, as would be expected from their other properties. 


The wide difference in the boiling points of the nitro-compounds (R-N{O) and the nitrites 


(R-O-N—O) is usually accounted for by the presence of a semipolar bond in the former 
compounds, in agreement with the result that nitroethane has a higher moment (3-21) 
than ethyl nitrite (2-20). It is also evident that the nitro-group structure is retained in 
the nitrates. 

Mr. H. J. Moss has found (unpublished work in this Department) that the nitro-com- 
pounds are less soluble in non-polar solvents than the nitrates, which in turn are less soluble 
than the nitrites. The order of solubilities is the same as that of moments, nitroethane 
(3-21) being more polar than ethyl nitrate (2-91) and ethyl nitrite (2-20). The solubility 
is dependent on the dielectric constant of a liquid rather than on the electric moment, and 
it happens that in this case the moments are paralleled by the dielectric constants of the 
pure materials, as shown by the following data : 


Compound. Temp. €. p xX 10%, 
Nitroethane 18° 30°6 3°21 


Ethyl nitrate 20 19°7 2°91 
isoPropy] nitrite ca. 11°5 2°28 (m-compound) 


Summary. 


The dipole moments of methyl (2-85), ethyl (2-91), »-propyl (2-98), and m-butyl (2-96) 
nitrates are approximately constant, as are those of ethyl (2-20) and -propyl (2-28) 
nitrites. The results are contrasted with those for the nitro-compounds, in which induction 
along the hydrocarbon chain occurs. 





a ~~ > 4 4 


ee AE | 


so adc re 


Studies in Dtelectric Polarisation. Part IX. 1255 


Part IX. THE DipoLE MoMENTs OF SOME NITROSOAMINES, /-NITROSOPHENOL, ETHYL- 
ANILINE, HYDRAZOBENZENE, AND BENZALDEHYDEPHENYLHYDRAZONE. 


The following measurements relate to alkyl and aryl nitrosoamines, R,N*NO, and to 
hydrazo-compounds. 
EXPERIMENTAL. 


Preparation of Materials—The nitrosoamines were prepared by the action of a cold con- 
centrated solution of sodium nitrite on the secondary amine dissolved in excess of dilute hydro- 
chloric acid. They were separated, washed, dried (calcium chloride), and purified by vacuum 
fractionation until some physical property was constant. Diphenylnitrosoamine was 
recrystallised. 


Nitrosoamine. ; ne, M. p. B. p. 
1-4368 154°/760 mm. 


Phenylmethyl : 15769 : _— 
Phenylethyl A 15598 -- —_- 


Recorded values for these compounds are : 


Dimethylnitrosoamine: D%* 10059 (Turner and Merry, J., 1910, 97, 2074). 
Diphenylnitrosoamine: m. p. 66°5°. 

Phenylmethylnitrosoamine : D%* 1:1275; n° 157688 (Turner and Merry, Joc. cit.). 
Phenylethylnitrosoamine : Da 10874; nx at 5598 (Schmidt, Z. physikal. Chem., 1907, 58, 519). 


Hydrazobenzene, benzaldehydephenylhydrazone, and nitrosophenol were all recrystallised 
until their m. p.’s were constant, viz., 127°, 156°, and 126°, respectively. Ethylaniline was 
dried and fractionated : D?” 0-9628; nj’ 1-5560 (Kahlbaum, Z. physikal. Chem., 1906, 26, 646, 
gives D®” 0-9630; nj’ 1-5559). Except for nitrosophenol, the solvent is benzene in the following 
measurements. 


Nitrosodimethylamine. Nitrosodiphenylamine. N-Nitrosomethylaniline. 


“ Pi» . Pi» Pz 
Se D™. €. C.c. Se D™. ; C2. Se D2". €. c.c. 


0 0°8790 2°280 26°55 0 0°8787 : 26°55 0 0°8787 2°279 26°55 
0°0392 0°8836 3:245 37°73 0:0082 0°8830 ‘ 28°85 0°0127 0°8822 2°525 30°10 
0°0632 0°8861 3°851 42°79 0°0115 0°8853 ? 29°70 0°0212 0°8844 2°687 32°26 
00749 0O°8875 4155 44:90 0°0202 0°8877 5 32°10 0°0300 0°8875 2°866 34°39 

0°0256 0°8928 , 33°59 0°0375 0°8910 3°014 36°15 


P,. = 355 c.c.; Pp=19c.c.; Py. = 302 c.c.; Pge= 59c.c.; Ps. = 318 c.c.; Pe= 40 c.c.; 
Poo — Pe= 336 c.c.; p= 3°98. P,. — Pe= 243 c.c. ;p=3 39. Poo — Pa= 278 c.c.; p= 3°62. 


Nitrosophenol. 
N-Nitrosoethylaniline. (Moment determined in dioxan) Ethylaniline. 


0 0°8787 2°279 2655 0 10340 2°244 24:94 0 0°8787 2°279 26°55 
00093 0°8806 2°452 29°15 0:°0070 1:0347 2°482 28:22 0°0171 0°8790 2°346 27°77 
00190 0°8838 2°645 31°83 0°0113 1:0361 2-611 29°76 0°0274 0°8806 2°395 28°56 
0°0277 +0°8861 2°812 34:05 0°0163 1:0370 2°751 31°50 0°0441 0°8822 2°464 29°66 
0°0490 0°8928 3:222 38°88 0°0202 1:0392 2°905 33°18 0°0505 0°8830 2°487 30°05 


Py... = 320 c.c.; Pe= 45c.c.; Py. = 503 c.c.; Pge= 29c.c.; Pa, = 100c.c.; Pe= 40c.c.; 
Pop — Pe= 275 c.c.; p= 3°61. . — Pg= 474 c.c.; p= 4°72. Py.p — Pe= 60c.c.; p= 1°68. 


Hydrazobenzene. Benzaldehydephenylhydrazone. 
Te D>". €. Pix c.c,. Se D%". €. Pye, c.c. 


0 0°8789 2°279 26°56 0 0°8787 2°275 26°55 
0-0092 0°8816 2°316 27°33 0-0082 0°8822 2°328 27°45 
0-0124 0°8830 2-330 27°61 0°0139 0°8844 2°362 28°08 
0-0160 0°8853 2°342 27°85 00176 0°8861 2°386 28°50 
0°0197 0°8875 2°361 28°18 0°0205 0°8875 2°404 28°81 


Py. = 118 c.c.; Pg = 60 c.c.; Poo = 137 c.c.; Pg =.62.c.c, ; 
Py. — Px = 58c.c.; p= 1°66. Poo — Pu= Th c.c.; p= 1°89. 
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Discussion of Resulis. 
The moments, » x 1018, found are tabulated below : 


Nitrosodimethylamine , p-Nitrosophenol 
Nitrosodiphenylamine . Hydrazobenzene 
Nitrosomethylaniline 3° Benzaldehydephenylhydrazone 
Nitrosoethylaniline , 


The moments of the corresponding amines are : 


Dimethylamine (gas)... 0°96 (Steiger, Helv. Phys. Acta, 1930, 3, 161; Physikal. Z., 1931, 32, 425; 
Ghosh and Chatterjee, Physical Rev., 1931, 37, 427, give 0°90). 

Diphenylamine 1:3 (Estermann, Z. physikal. Chem., 1928, B, 1, 134). 

Methylaniline 1°64 (Williams and Fogelberg, Physikal. Z., 1931, 32, 27). 

Ethylaniline 1-68 (Present paper). 

The results indicate that the nitroso-group possesses a large moment, in agreement with 
the result for nitrosobenzene, 3-14 (Hammick, New, and Sutton, J., 1932, 742, where the 
assumed connexion with electromeric effects is discussed), and the #-nitroso-substituted 
anilines (Le Févre and Smith, ibid., p. 2239). 

The results for the three aromatic nitrosoamines indicate that the nitroso-group has the 
same moment in each, since there is probably no appreciable change in the inclination of 
the groups to one another in these compounds. That ethyl- and methyl-aniline should 
have the same moments, within the limit of experimental error, is not surprising, since the 
moments of dimethyl- and diethyl-amine are also equal. These results suggest that no 
change in angle, or induction, occurs on substituting an ethyl for a methyl group in an 
amine. The corresponding nitrosoamines have a constant moment. Nitrosodipheny]l- 
amine has a lower moment than the nitroso-compounds of methyl- and ethyl-anilines, but 
the moment of dimethylamine is higher. 

The nitroso-group has a larger moment in the aromatic than in the aliphatic series 
(Hammick, New, and Sutton, loc. cit.). Thus, nitrosobenzene has a moment of 3-14 and 
2-nitroso-2 : 5-dimethylhexane one of 2-51. In this case the relation is quite different 
from that found with the nitrosoamines, since in the latter the phenyl group of the aliphatic 
chain is subject to the action of the nitroso-group. In the nitrosoamines the nitroso-group, 
the moment of which is inclined at an angle to the N-N bond, is situated at the corner of a 
probably irregular tetrahedron. The angles between the sides will vary with the sub- 
stituted groups, and in the dimethyl compound, containing smaller groups, the angles will 
be smaller, with the result that the moment should be larger, asis the case. The differences 
between the N-R moment in aliphatic and aromatic compounds must, of course, also be 
allowed for. 

The moment of the nitroso-group in these compounds will be inclined to the R-N 
moments, and thus little interaction will occur. Hammick, New, and Sutton (loc. cit.) 
calculate that the moment of the nitroso-group makes an angle of 157-7° in nitrosobenzene 
and 148° in the tertiary aliphatic compound, and this will be approximately the angle in 
the nitrosoamines. The calculation of the -NH, moment on the assumption that the 
ammonia molecule is tetrahedral (Hammick, New, and Sutton, loc. cit.) is, however, open 
to objection. Mecke (‘‘ Structure of Molecules,” ed. P. Debye, 1932, 30) gives for ammonia 
the distances N-H = 0-977 A.U., H-H = 1-43 A.U., and the height of pyramid approxi- 
mately 0°517 A.U. The H—-N-H angle deduced from these results is 94° 5’, which is 
decidedly smaller than the tetrahedral angle. 

p-Nitrosophenol has a moment larger than the sum of the moments of its constituent 
groups. This is similar to the results found by Le Févre and Smith (loc. cit.), which show 
that the normal additivity rules are not valid for p-nitrosodimethylaniline and analogous 
compounds, a result explained as due to the large capacity of the nitroso-group for producing 
polarisation of the molecule as a whole. In #-nitrosophenol the moments of both groups 
do not lie in the line of the carbon valencies and the resultant moment depends on the 
relative position of the two groups. Since this compound is also tautomeric with quinone- 
monoxime, no definite conclusions are drawn at present. 

The azo-compounds have been investigated by Bergmann, Engel, and Sandor (Ber., 
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1930, 63, 2572), who found that they possess the /vans-configuration, since azobenzene is 
non-polar and -chloroazobenzene has the same moment as chlorobenzene. It is improb- 
able that hydrazo-compounds would exhibit similar relations, and we planned a systematic 
determination of the moments of derivatives of hydrazine. It was to be expected that 
free rotation could occur about the N-N bond, and if this was so, the hydrazo-compounds 
should possess large moments as contrasted with the azo-compounds, where the positions 
of the two nitrogen atoms are constrained by a double bond. It is clear that rotation 
occurs in hydrazobenzene, which has a moment of 1-66 x 10“ e.s.u. If this compound 
was fixed in the /rans-position, it would be non-polar. Only two of these compounds, 
hydrazobenzene and benzaldehydephenylhydrazone, had been measured when Audrieth, 
Nespital, and Ulich (J. Amer. Chem. Soc., 1933, 58, 673) published values for the moments 
of these and similar compounds. Their value of P,, for hydrazobenzene is identical with 
ours, but since we have left the atomic polarisation undetermined, whereas they quite 
arbiicarily assume it to be 15% of the electronic polarisation, their final value of the moment 
is slightly lower. Their value for benzaldehydephenylhydrazone is a little higher than 
ours. 

We accept the conclusions of these experimenters with regard to the compounds, and 
as their results agree with ours, the moments of the other compounds have not been deter- 
mined. All moments of hydrazo-compounds so far recorded lie between 1-5 and 1-9, with 
the exception of that of benzalazine, which is 0-8. The above authors suggest that this 
can be explained as due to preferential oscillation of the larger groups round the ¢érans- 
position, and that completely free rotation does not occur. 

Presumably in the nitrosoamines, rotation round the nitrogen bond can occur. Turner 
and Merry (loc. cit.) found that, although the aromatic nitrosoamines are unassociated in 
the pure state, yet the aliphatic compounds are associated. No values of the dielectric 
constants of the phenylnitrosoamines are available, but nitrosodimethylamine has the very * 
high value of « = 54 + 1 at 20°, has considerable conductivity and solvent power (Walden, 
Z. physikal. Chem., 1903, 46, 103), and differs from the other nitrosoamines in stability, in 
that it can be distilled at ordinary pressures, whereas the aromatic compounds decompose 
under similar treatment. The somewhat higher value for the electric moment, in view of 
these properties, is therefore not surprising. 
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Summary. 

The moments of some nitrosoamines and nitrosophenol have been determined and 
compared with those of other nitroso-compounds previously recorded. The moments of 
the hydrazo-compounds are discussed. 







Part X. THE DiPoLE MOMENTS OF THE NITROANISOLES. 


The measurements on the three nitroanisoles were undertaken with the object of investi- 
gating the relations with the nitrophenols, and also because of existing conflicting experi- 
mental values for the #-compound. Héjendahl had pointed out that, since the moment of 
anisole makes an angle with the CH-O- bond, simple vector addition does not apply to 
these compounds. The three results for o-nitroanisole are in good agreement, but Héjen- 
dahl’s value for the #-compound is too low. The value for the m-compound has been 
determined for the first time. 










EXPERIMENTAL. 

_ Preparation of Materials.—o-, m-, and p-Nitroanisoles were purified by Mr. H. J. Moss, who 
kindly placed specimens at our disposal. The physical constants as determined by him were 
independently confirmed. The ~-compound was recrystallised from hexane, but the m. p. 
and moment remained unchanged. 








25° 25° 
D® : ne. 





Compound. 
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Resulis.—The solvent is benzene throughout. 


o-Nitroanisole. m-Nitroanisole. p-Nitroanisole. 

‘ Pi» r Pi» a Py, 
Se D™. €. C.6. Se D®". €. c.C. Se. D%. €. c.c. 
0 0°8787 2°279 26°55 0 0°8787 2°279 26°55 0 0°8788 2°279 26°55 
00099 0°8836 2-607 31°11 O-O115 0°8865 2°542 30°23 00110 0°8830 2°656 34:77 
00176 0°8875 2°862 34:25 0°0192 0°8883 2°724 32°66 0°0213 0°8883 3°005 35-90 
00216 0°8899 3:005 35°88 0°0311 0°8945 3-002 35°96 0°0265 0°8908 3°183 37°84 
0°0308 0°8951 3°341 39°35 00378 0°8976 3:179 37°86 0°0357 0°8959 3°521 41°15 
0°0382 0°8982 3°614 41°95 


P,. = 5323 c.c.; Pg=39c.c.; Ps, = 356 c.c.; Pgp= 39c.c.; P,, = Sl4cc.; Py = 39 c.c.; 
Poon — Pr= 493 c.c.; p= 4°83. P,,, — Pe= 317 c.c.; p= 3°86. Py, — Pe= 475 c.c.; p= 4°74. 


Discussion of Results. 


The values found for the moments x 10% of the nitroanisoles are compared in the 
following table : 
o-Nitroanisole . 4°80T 4°84 (4°81)f 
m-Nitroanisole — 
p-Nitroanisole ; 4°78 (4°75)f 
* Present paper. 
t+ Hédjendahl, Thesis, Copenhagen, 1928. 
t Donle and Gehrckens, Z. physikal. Chem., 1932, B, 18, 316 (the values in parentheses are corrected 
for Fae 


Wolf (Z. physikal. Chem., 1929, B, 3, 128), by assuming that the moment of the methoxy- 
group makes an angle of 110° (an assumed oxygen angle) with the Ph-O bond, and that 
the group moments of -NO, and —OCH, have the same sign, has calculated a value for 
the moment of f-nitroanisole in exact agreement with Héjendahl’s value (4:35 x 10-8 e.s.u.). 
Wolf’s assumptions, however, are obviously incorrect, and the values for f-nitroanisole 
and p-nitrophenol have therefore been recalculated. It is now assumed that the moment 
of anisole bisects the oxygen angle (taken as 90°), and that the groups —NO, and -Cl are 
negative, while -OH and —OCH, are positive. These moments in aromatic compounds 
are taken from phenol 1-7, anisole 1-2, nitrobenzene 3-9, and chlorobenzene 1-5. 

On the assumption of complete freedom of rotation of the methoxy-group, its component 
moment perpendicular to the direction of the nitro-group is zero and the resultant moment 
is given by zp = (3-9 + 1-2 cos 45°) x 10°78 = 4-75 x 10-%e.s.u. The values are compared 
in the following table : 


Compound. Obs. Calc. Compound. Obs. Calc. Compound. Obs. Calc. 
p-Nitroanisole 474 4:75 p-Nitrophenol 5°05* 5:10 p-Chlorophenol 2°68* 2°72 


* Williams and Fogelberg, J. Amer. Chem. Soc., 1930, 52, 1536. 


A lower value of 2-27 for #-chlorophenol is given by Donle and Gehrckens (Z. physikal. 
Chem., 1932, B, 18, 316), but as their value for phenol, 1-61, is also lower than those of 
Smyth (1-73), Williams (1-70), and Zahn (1-74), the results are not comparable with other 
values. In the case of the f-substituted methyl compounds, the values calculated by the 
above method are not in good agreement, but since experimental values for simple com- 
pounds like #-chlorotoluene do not agree with calculated values, no particular significance 
can be attached to this result. 

For the o- and the m-compounds, it is impossible to calculate any value without a three- 
dimensional figure. Calculation made by this method on the assumption of complete 
freedom of rotation of the methoxy-group, gives values which are too high for both nitro- 
phenol and anisole. This is no doubt due to interaction between groups having a large 
dipole, such as —NQg,, so that rotation is hindered. In the case of the o-compound, as the 
groups are very close together, it would not be expected that simple calculations would give 
satisfactory results. 
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It is of interest to compare the moments of nitroanisoles and nitrophenols : 


Compound. ortho-. meta-. para-. Compound. ortho-. meta-. para-. 
Nitroanisole 4°83 3°86 4°74 Nitrophenol 3°10 3°90 5°05 


The order in the two series is not the same, and the irregularity seems to be exhibited by 
the o-compounds, since the other isomerides show regularity. 

Examination of the solubilities and b. p.’s of a series of o-, m-, and p-substituted phenols 
shows (Sidgwick and Callow, J., 1924, 125, 527) that the o-compound is more volatile, less 
soluble in water, and more soluble in benzene than would be expected, a result easily 
explained by postulating a co-ordinate link between the oxygen of the nitro-group and the 
hydrogen of the hydroxyl, which leads to a closed ring. In the m- and the p-compounds 
donation is assumed to occur between groups attached to different molecules. When 
hydrogen is substituted by a methyl group, co-ordination is not possible, and there is no 
difference in properties between o- and #-nitroanisoles. Sidgwick and Bayliss (J., 1930, 
2027), in fact, find evidence in favour of formation of a chelate ring in o-nitrophenol, while 
o-nitroanisole is normal. 

In dilute solutions in non-polar solvents the number of complexes of the second type 
would be negligible, but for o-nitrophenol the co-ordinate link would partially cancel the 
moment of the nitro-group, with a considerable reduction in total moment. This agrees 
with the experimental figures. In the anisole, it seems that the groups are attracted by 
electrostatic forces to give a moment of the observed magnitude. 


Summary. 


The dipole moments of the three nitroanisoles have been measured and the results 
discussed in relation to the nitrophenols. 


* 


Part XI. NOTE ON THE DrpoLE MOMENT OF PYRROLE. 


Heterocyclic nitrogen compounds which have previously been measured include 
pyridine, quinoline, isoquinoline, and acridine. The dipole moment of pyrrole was deter- 
mined to investigate the effect of the size of the ring on the moment. No other result 
is available. 


Pyrrole : D>’ 0-9600; nj” = 1-5208. 
Se D*". €. Py, C.C. Se D™. €. Pq, C.C. 


0 0°8790 2-280 26°56 0:0582 0°8822 2°557 29°98 
0:0287 0°8806 2°413 28°26 0°0843 0°8844 2°687 31°38 


Po. = 8 c.c.; Pgy= Zlcc.; Py. — Pe= Tl c.c.; g = 1°83. 


The moments of these nitrogen ring compounds are (u x 1018) : 


1°83 (Present work). 

2-11 (Lange, Z. Physik., 1925, 38, 169). 
Quinoline 2°18 (Le Févre and Smith, J., 1932, 2810). 
tsoQuinoline 2°52 (Le Févre and Smith, 7bid.). 


The moment of pyrrole is lower than that of pyridine and quinoline, which have approxi- 
mately the same moment. Pyrrole is not really comparable with these compounds, as 
both the difference in position of the double bonds and the hydrogen attached to the 
nitrogen atom would cause a change in moment on passing from pyrrole to pyridine. The 
angle formed by the nitrogen atom in the ring will be larger in pyridine than in pyrrole. 

Work is in progress on the fully reduced rings, and it will be possible to deduce more 
definite conclusions from these results, which will not be complicated by the effect of 
unsaturation. 


East LONDON COLLEGE, UNIVERSITY OF LONDON, [Received, July 25th, 1933.] 
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294. The Kinetics of the Decomposition of the Dichlorosuccinic Acids. 
By H. V. W. Rosinson and Davin T. Lewis. 


Ho_MBERG (J. fr. Chem., 1892, 46, 394) studied the decomposition of the dichlorosuccinic 
acids (a) in alkaline and (5) in aqueous solution, at one temperature, 25°, and concluded that 
the reaction is bimolecular in the former case, and unimolecular in the latter, the changes 
being represented thus : 


(2) CO,H-CHCI-CHCI-CO,H + OH’ == CO,H-CHiCCI-CO,H + H,O + Cl’ 
(0) CO,H-CHCI-CHCI-CO,H —> CO,H-CH:CCI-CO,H + HCl 


The unimolecular decomposition of the analogous dibromosuccinic acids has been 
exhaustively studied by van ’t Hoff (“Studies in Chemical Dynamics,’ London, 1896), 
but no attempt has been made to determine the Arrhenius curve for the corresponding 
dichlorosuccinic acids. 

(a) We therefore followed the bimolecular reaction between potassium hydroxide and 
the dichlorosuccinic acids at 25° by the method of Holmberg. Typical results are given in 
Table I, the velocity constants being calculated from the equation kt = x/a(a — x), where 
a is half the initial titre of the freshly made acid solution at room temperature, and x the 
difference between the titre at time / and the initial titre. 


TABLE I. 


Decomposition in alkaline media at 25°, 
0°1527N-Dichlorosuccinic acid; a = 17°40. 0°08578N-isoDichlorosuccinic acid; a = 8°65. 


a— x. ? (hours). k x 104. a—*x. ? (hours). k x 104. 
12°51 2 112 6°62 0°66 538 
4 115 , 1 511 
5 117 , 2-25 
6°25 112 . 3 
7 117 , 4:0 
26 114 , 4°33 
30°5 112 
Mean 114 


The velocity coefficients for the bimolecular decomposition of the dichloro-acid remain 
quite steady, but those for the zso-form show a considerable decrease. This anomalous 
behaviour could be accounted for by the fact that the 7so-form changes slowly into the 
ordinary form during the course of the reaction. 

The final product of the reaction between alkali and these acids was extracted with ether 
(after acidification) and found to be chlorofumaric acid, m. p. 191°, in each case. 

(5) The temperature coefficients of the decomposition of the dichloro-acids in aqueous 
solution were studied by the original method of van ’t Hoff. Velocity constants were 
calculated by means of the equation kt = log 3T,/(3T) — T:) — log $T9/(2T, — T2), 
where 7, is the initial titre at room temperature, 7; that in the unknown time x which has 
elapsed since the commencement of the run, and 7; the titre at any time 7. The end 
products were again isolated and shown to be chlorofumaric acid in each case. 

Prolonged boiling of chloromaleic acid with hydrochloric acid of the concentration 
which might be produced during the reaction failed to convert it into chlorofumaric acid. This 
definitely establishes the interesting point that chlorofumaric acid must be formed as such 
in the decomposition of these acids, and is not formed via the intermediate chloromaleic 
acid. 

Some of the results of the unimolecular investigation are tabulated in Table II. The 
falling off of the velocity constants is again manifested in the case of the iso-acid, but it is 
of such small magnitude in aqueous solution (except at higher temperatures; contrast 
runs 3 and 4) that no serious error is made by assuming a mean of the calculated values 
of the velocity constants as a true value for k. 





_ Decomposition of the Dichlorosuccinic Acids. 


TABLE II. 


Decomposition in aqueous solution. 

1, 0°00923N-Dichlorosuccinic acid ; 2. 0°03492N-Dichlorosuccinic acid ; 

$T, = 22°95; temp. = 80°. $T, = 20°07; temp. = 70°. 

yee F(T).* t(hours). k x 104. Ti. F(T).* t(hours). k x 104. 

15°50 0°4876 — 13°45 0°4816 0 — 

16°15 0°5283 407 13°72 0°4997 1 183 

16°74 0°5677 400 13°98 0°5179 2 181 

17°28 0°6072 399 14°25 0°5376 3 184 

17°78 0°6473 399 Mean 182 

Mean 400 
3. 0°0273N-isoDichlorosuccinic acid ; 4. 0:0273N-isoDichlorosuccinic acid ; 
$T, = 29°32; temp. = 70°. 3T, = 29°06; temp. = 90°. 
20°02 0°4987 —_— 20°38 0°5246 —_ 

20°70 0°5316 329 24°18 0°7747 2500 

21°32 0°5640 327 26°00 0°9774 2260 

21-90 0°5965 326 27°22 11983 2250 

22°45 0°6298 326 27°60 12987 1940 

Mean 327 
* F(T) = log 379 — log (37) — T)). 

In accordance with the equation of Arrhenius, the plot of log k against the reciprocal of 
the absolute temperature gave a linear relationship for both these acids. The experimental 
results are tabulated below. 

Dichlorosuccinic acid. 


BRR... cnerescaccssnsccceeneves 25° 70° 80° 83° 87° 89° 
10*®(hr.-1) 182 400 530 800 900 


isoDichlorosuccinic acid. 


PG sismpnacwengnasnaniernnin 25° 60° 70° 80° 90° 
10* (hr.~}) 2°18* 120 327 802 2230 
* Holmberg (loc. cit.). 


It will be observed that, at any given temperature, the velocity of the decomposition 
of the 7so-form proceeds at almost twice the rate of the ordinary form. The values for the 
critical increments (£) and the loge B terms of the Arrhenius equation are given in the 
following table, data for the corresponding dibromo-acids being included for comparison. 

‘ log, B. E/log, B. 
Dibromo- 22°74 1002 
isoDibromo- 24°73 918 
Dichloro- 22°60 1027 
23°42 982 

Data for the dibromosuccinic acids were obtained from the work of van ’t Hoff, but he 
gives only one value for the velocity constant of the isodibromosuccinic acid decomposition, 
viz., 107k (50°) = 311. Holmberg (loc. cit.) furnishes another value, 10’ (25°) = 15-8, 
and from these two values the above results for this acid have been computed. 

The extraordinarily high value for E /loge B bears out the conclusions previously reached 
by Lewis and Hudleston (J., 1932, 1399) regarding the fortuity of Syrkin’s (Z. anorg. Chem., 
1931, 199, 28) and Holzschmidt’s (cbid., 200, 82) equations. The faster rate of decom- 
position of the iso-forms is obviously dependent on the higher values of loge B, but no 
precise definition has yet been given to this term, Eyring and Daniels (J. Amer. Chem. Soc., 
1930, 52, 1472) regarding it as representing the frequency of oscillation of a valency bond in 
the disrupting molecule. 

According to Brénsted’s equation as applied to unimolecular changes, the velocity of 
reaction is given by the equation — dx/dt = kf,C,/f,., where f,. is the activity coefficient 
of the activated form, and f, that of the normal form. Since f, = fy, the addition of 
neutral salts should not influence the rate of such decompositions. That this is true for the 
dichlorosuccinic acids is shown by the following results. 

Na,SO, Na,SO, 
Temp. Acid. k. (mols. /litre). Temp. Acid. k. (mols. /litre). 
90° isoDichloro- 0°223 0:000 80° Dichloro- 0°0400 0-000 
90 = isoDichloro- 0°220 0-200 80 Dichloro- 0°0395 0°100 
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EXPERIMENTAL. 


Fumaric acid (m. p. 283—285°) was readily obtained from pure maleic acid by boiling it 
with hydrochloric acid and recrystallising from hot water. Dichloro- and isodichloro-succinic 
acids were prepared by the method of Terry and Eichelberger (J. Amer. Chem. Soc., 1925, 47, 
1067), viz., by the weight chlorination of sodium maleate and sodium fumarate respectively, in 
the dark at 5°. After chlorination, the flask was sealed and kept for a few days, the excess 
chlorine being then removed by a current of air. The solution was repeatedly extracted with 
ether, the extract dried (sodium sulphate), and the ether evaporated in a vacuum desiccator. 
Dichlorosuccinic acid (Found: Cl, 36-9; equiv., 92-7. Calc.: Cl, 37-°9%; equiv., 93-5) had 
m. p. 213°; yield 74-5%. The iso-acid (Found: Cl, 37°3%; equiv., 93-5) had m. p. 173°; 
yield 75%. Terry and Eichelberger found a maximum yield of about 65% in both cases. 

In the kinetic measurements, the amount of the dichlorosuccinic acid decomposed at any 
instant was determined by direct titration with standard alkali, phenolphthalein being used as 
indicator, The cold solution of the iso-acid was titrated immediately after being made up, in 
order to determine 7,4, because this acid shows measurable decomposition even at room 
temperature; 7, =~ T;, at time 0-0 hour. 

SUMMARY. 


The energies of activation for the decomposition of the dichlorosuccinic acids have been 
determined, and compared with those for the corresponding dibromo-acids. Syrkin’s and 


Holzschmidt’s equations are criticised. 
Added electrolyte exerted a negligible influence on the reaction velocity. 


The authors express their sincere gratitude to Professor T. Campbell James, who suggested 
the subject, for much valuable advice and criticism during the course of the work. 


THE Epwarp Davies LABORATORIES, 
ABERYSTWYTH. (Received, May 9th, 1933.]} 





295. Arylamides of B-Arylaminocrotonic Acids. Part I. 


By Joun K. THomson and Forsytu J. WILson. 


ARYLAMIDES of $-arylaminocrotonic acids should result from a reaction between one mole- 
cule of ethyl acetoacetate and two molecules of arylamine, CMe(OH):CH-CO,Et + 
2RNH, = CMe(NHR):CH:CO-NHR + H,O + EtOH. 8-1- Naphthylaminocrotono- 
1-naphthylamide was prepared by Gibson, Harihan, Menon, and Simonsen (J., 1926, 2247), 
who found that it was easily hydrolysed by dilute acid, giving acetoacet-«-naphthalide. 
Jadhav (J. Indian Chem. Soc., 1930, 7, 669) prepared the 8-, m-, and #-nitroanilinocrotono- 
nitroanilides, which are easily hydrolysed by acid to the corresponding acetoacetnitro- 
anilides. He also claims to have prepared $-arylaminocrotonarylamides from #-anisidine, 
p-phenetidine, certain xylidines, and from o-, m-, and #-chloroanilines : these compounds 
were found not to be hydrolysable even by boiling concentrated hydrochloric acid. Since 
such stability is unexpected, we decided to investigate this point. 

Jadhav’s work was therefore repeated and compounds which corresponded in melting 
points to those described by him were obtained in poor yields. We have shown that the 
compounds described by him as $-arylaminocrotonarylamides obtained from #-anisidine, 
p-phenetidine, certain xylidines, o-, m-, and #-chloroanilines are really the corresponding 
s-diarylureas : the reason for the stability of these compounds to hydrolysis is therefore 
evident. We have confirmed our conclusions in each case by a full analysis of the substance 
and by a comparison with an authentic specimen of the s-diarylurea. It has already been 
shown by other investigators (e.g., Knorr, Annalen, 1886, 236, 69; Hurst and Thorpe, J., 
1915, 107, 937) that s-diarylureas may be produced if the reaction between ethyl aceto- 
acetate and the arylamine is carried out at a high temperature. 

In connexion with the xylidines, Jadhav’s nomenclature is inconclusive and it is not 
possible to state definitely which xylidines he used. In repeating this section of the work 
we employed #-xylidine and a m-xylidine (NH, : Me : Me = 1: 2: 4) and obtained the corre- 
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sponding s-diarylureas. In a later paper (J. Indian Chem. Soc., 1931, 8, 681) Jadhav also 
uses this indefinite nomenclature: his m(1:4:5)-xylidine is probably #-xylidine, his 
m(1 : 3: 4)-xylidine cannot be identified from our results and the results of his later paper. 

We intend to attempt the preparation of §-arylaminocrotonarylamides derived from 
p-anisidine, p-phenetidine, xylidines, chloroanilines, and other arylamines in order to study 
their stability to hydrolysis. 







EXPERIMENTAL, 


The micro-analyses were carried out by Schoeller of Berlin, the macroanalyses by one of us 
(J. K. T.). For purpose of comparison, the s-diarylureas derived from p-anisidine, p-phenetidine, 
the xylidines, o-, m-, and p-chloroanilines were prepared by adding carbonyl] chloride in toluene 
solution (20%) to excess of the arylamine diluted with a little of the same solvent. The solids 
were washed with water and alcohol and finally crystallised from glacial acetic acid. In every 
case the m. p. of the diarylurea was the same as the m. p. of the product obtained from ethyl 
acetoacetate and the arylamine; the m. p. of the mixture showed no depression. The reaction 
between ethyl acetoacetate and the arylamine was carried out as described by Jadhav, but in 
many cases the time of heating necessary before the appearance of product was longer than that 
given by him. 

s-Di-p-anisylurea. 6} Hours’ heating were required; needles, m. p. 234—235° (Jadhav 
gives 1 hour; needles, m. p. 235—236° [Found (micro.) : C, 66-3; H, 6-2; N, 10-3. C,,H,,O3;N, 
requires C, 66-2; H, 5-9; N, 10-3%]. 

s-Di-p-phenetylurea, 14 Hours; m. p. 232—233° (Jadhav gives 45 minutes; m. p. 230— 
231°; literature gives m. p. 225—226° [Found (micro.): C, 68-2; H, 6-7; N, 9-2. Calc. for 
C,,HO3N,: C, 68-0; H, 6-7; N, 9-3%]. 

s-Di-(2 : 4-dimethylphenyl)urea, The ester (13 g.) and m-xylidine (NH,: Me: Me = 1: 2: 4) 
(12 g.) were heated for about 1 hour; solid then began to separate. After heating for a few 
minutes longer, the solid was collected, washed with alcohol to remove oil, and crystallised from 
acetic acid, forming needles, m. p. 263—265° [Found (micro.): C, 76-1; H, 7-5; N, 10-8.. 
C,,H,,ON, requires C, 76-1; H, 7-5; N, 10-4%]. 

s-Di-(2 : 5-dimethylphenyl)urea. The ester (13 g.) and p-xylidine (12 g.) were refluxed for 
about 1 hour; decomposition with separation of a soljid then suddenly commenced. This solid, 
after trituration and washing with alcohol, crystallised from much acetic acid in fine needles, 
m. p. 285° (closed tube) [Found : C (macro.), 75-9; H, 7-6; N (micro.), 10-5%]. Jadhav describes 
his two 8-xylidinocrotonoxylidides as melting above 275°. 

s-Di-o-chlorophenylurea, After 2 hours’ refluxing, only a very small amount of needles 
separated on cooling and scratching; a further quantity was obtained by heating for 2 hours 
more. The needles melted at 238—239° (Jadhav gives 1} hours, m. p. 236°) [Found (micro.) : 
C, 55-6; H, 3-7; N, 9-9; Cl, 24-9. C,,;H,,ON,Cl, requires C, 55-5; H, 3-6; N, 10-0; Cl, 25-2%]. 

s-Di-m-chlorophenylurea. 3 Hours; needles, m. p. 245—246° (Jadhav gives 2 hours; needles, 
m. p. 240—241°) [Found (micro.) : C, 55-2; H, 3-7; N, 10-1; Cl, 25-0%]. 

s-Di-p-chlorophenyluvea. After heating for 2 hours, no solid separated on cooling ; on heating 
for 4 hours longer, the whole mass solidified. It crystallised in needles melting in a sealed hard- 
glass tube at 306—307°; in soft-glass tubes the m. p. was much lower and was accompanied by 
obvious decomposition (Jadhav gives 2 hours; needles, m. p. above 275°) [Found : C (micro.), 
55-4; H, 3-6; N (macro.), 10-1; Cl (macro.), 25-1%]. 




































We wish to thank Imperial Chemical Industries Ltd. for valuable assistance, and the Gover- 
nors of this College for a Research Assistantship held by one of us (J. K. T.). 


THE Roya. TECHNICAL COLLEGE, GLASGOW. (Received, July 31st, 1933.] 

















296. Styrylpyrylium Salis. Part XV. A Correction and Note on 
the Production of a-Benzopyrones by the Kostanecki Reaction. 
By I. M. HEILBRon, R. N. HEsLop, and G. F. Howarp. 


IT was stated in Part XIV that both 4-phenyl-3’-methylbenzo-8-naphthasfivopyran (I) 
and its 7-methoxy-derivative, each containing a methyl radical in the 3’-position, ionise 
in hot high-boiling inert solvents to give coloured solutions. This phenomenon, which is 
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wholly at variance withall previous experience, has led us to re-investigate the various stages 
involved in their syntheses. As starting products for the preparation of the sfiropyrans, 
2-ethylchromone and 7-methoxy-2-ethylchromone were required, and here recourse was 
made to the Kostanecki reaction using the appropriate o-hydroxyacetophenone together 
with propionic anhydride and fused sodium propionate, which by analogy with the work 
of previous investigators (Kostanecki and RéZycki, Ber., 1901, 34, 102; Kostanecki and 
Lloyd, ibid., p. 2942; -Venkataraman, J., 1929, 2219; Canter, Curd, and Robertson, J., 
1931, 1245) was confidently expected to give rise to 1 : 4-benzopyrone formation. 


Ph Me Os 
2 ar 
GOL? Wig 
Cl, 


(I.) (II.) (III.) 


Actually, however, we have now found that the substitution of propionic anhydride and 
sodium propionate for acetic anhydride and sodium acetate leads to the formation of 
coumarins, and the compounds described as 2-ethylchromone and 7-methoxy-2-ethy]l- 
chromone are in reality 3:4-dimethylcoumarin and its 7-methoxy-analogue. These 
findings have been verified experimentally by mixed m. p. determination with authentic 
specimens of the coumarins and by hydrolysis to the appropriate «8-dimethylcinnamic acids 
(compare Simonis and Peters, Ber., 1908, 41, 837; Canter, Curd, and Robertson, J., 1931, 
1255; Canter and Robertson, ibid., p. 1875). 

Arising from this, what was previously described as 4-phenyl- Pam ie Beye 
perchlorate is in reality 2-phenyl-3 : 4-dimethylbenzopyrylium perchlorate (II, R = H); 
similarly with the 7-methoxy-derivative (II, R= OMe) (compare Canter, Curd, and 
Robertson, Joc. cit.; Heilbron and Zaki, J., 1926, 1902) and hence the sfivopyrans obtained 
by the condensation of (II; R = H or OMe) with 2-naphthol-l-aldehyde must have the 
structures (III; R = H or OMe). 

For this new type we propose the name isosfiropyran, the compounds in question being 
2-phenyl-3-methylbenzo-B-naphthaisospiropyran and its 7-methoxy-derivative. In both 
these isospiropyrans the colour-inhibiting substituent in the 3’-position is absent and they 
are thus apparently comparable with the normal sfiropyrans as regards ionising capacity. 

The facts now brought to light are of particular interest in showing that the Kostanecki 
reaction cannot be relied upon as a general method of chromone synthesis, but that its 
course is governed by many factors (compare Bargellini, Atti R. Accad. Lincei, 1925, 2, 
178, 261; Baker, J., 1929, 2897; Wittig, Ber., 1924, 57, 88). The structures of other 
alleged chromones described by Heilbron, Heslop, and Irving (this vol., p. 430), especially 
7-methoxy-3-methyl-2-ethylchromone, 2-ethyl-«-naphthachromone, and 3-methyl-2-ethyl- 
«-naphthachromone, are now open to doubt, and it is our intention to re-investigate their 
constitutions in detail. We are also commencing a comprehensive investigation of the 
effect of various acid anhydrides on o-hydroxy-ketones of both the benzene and the 
naphthalene series in order to determine the conditions leading to 1 : 2- or 1 : 4-benzopyrone 
formation. 


THE UNIVERSITY, LIVERPOOL. [Received, August 10th, 1933.] 





297. The Blue Sodium Salt of Rhodamine-B and some Related 
Substances. 


By WILLIAM R. BRowN and FREDERICK A. MASON. 


By the action of sodium hydroxide upon rhodamine-B, Wacker (Z. Farb. Ind., 1907, 201) 
obtained a dark blue crystalline sodium salt to which he assigned the formula (I). Von 
Baeyer pointed out that this offered no explanation of the colour of the salt, and from his 
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previous work upon the action of alkali upon fluorescein and dinitrofluorescein (Annalen, 
1876, 183, 1, 32; 1910, 372, 111; see also Hewitt and Perkins, J., 1900, 77, 1324; Hewitt 
and Woodford, J., 1902, 81, 895), he suggested that, in this case also, the pyrone ring had 







aS 
eT been ruptured with the formation of a disodium salt of the structure (II). (In the formula 
: Et, ma 9 ue 2 
‘OH 
©) A co,Na S00 (IL.) 
> 





given by von Baeyer the tetramethylrhodamine is indicated; we have been unable to 
confirm this, as this compound did not yield a blue salt under the foregoing conditions.) 

The “ blue salt ’” was not analysed by von Baeyer or by Wacker, nor were its general 
properties further investigated; hence, it seemed of interest to examine the behaviour of 
rhodamine-B and related substances towards alkalis and the chemical properties of the blue 
salt, and also to attempt to synthesise phthaleins of constitutions analogous to (II) and 
(III), the latter being the formula put forward originally by Monnet for anisoline 
(G.P. 66238; Bull. Soc. chim., 1892, 7, 523), obtained by the action of ethyl chloride and 
alkali upon rhodamine-B (see also Bernthsen, Chem. Zig., 1892, 16, 1956). The blue salt 
could only be obtained by Wacker’s original method, although several modifications were 
tried in order to obtain it free from inorganic salts, as it is practically insoluble in most 
non-aqueous solvents, except pyridine, and in alcohol or water it immediately re-forms 
rhodamine-B. Estimation of the sodium content indicated, however, that it was in fact a 
disodium salt, in agreement with von Baeyer’s formula. When kept in a loosely stoppered 
bottle, it gradually absorbed moisture, becoming red and acquiring a characteristic isonitrile 
odour. 

Attempts to prepare blue alkali salts of other rhodamines gave negative results, so that 
rhodamine-B appears to be unique in this respect. In view of the very pronounced 
tendency to re-form the oxo-ring found in the case of rhodamine-B, it is somewhat 
remarkable that the rosamine containing unalkylated amino-groups (derived from benz- 
aldehyde and m-aminophenol) is formed from the corresponding triphenylmethane com- 
pound only on heating with concentrated sulphuric acid, the free dihydroxy-compound 
showing no tendency to lose water spontaneously (Bayer & Co., G.P. 62574), and in the 
same way the corresponding p-dimethylaminorosamine can be obtained from 2’ : 2’’-di- 
hydroxy-4’ : 4” : 4’”’-hexamethyltriaminotriphenylmethane only on heating with con- 
centrated sulphuric acid (Noelting and Gerlinger, Ber., 1906, 39, 2053). A substance of 
formula (II) might be expected to yield phenolic ethers or esters with suitable alkylating 
or acylating agents, but all attempts to prepare such derivatives directly from the blue 
salt resulted in the immediate regeneration of rhodamine-B itself. 

In pursuance of our second objective, several substances were prepared of the general 
structure (IV) (X = H, OH, OMe, O-CO,Et, etc.). The most obvious method of prepar- 
ation (if von Baeyer’s formula be correct), viz., that of treating the blue sodium salt of 
rhodamine-B with an alkylating or acylating agent in a neutral or basic solvent, gave 


ma ep 0 mae Y as X/A_NEt, 
(III.) > O (St (IV.) 


completely negative results, the reagents simply acting as condensing agents, with immedi- 
ate re-formation of rhodamine-B. The only practicable method, therefore, was to attempt 
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the condensation of 4’-diethylamino-2’-hydroxy-o-benzoylbenzoic acid (V) with various 
amines, which in the case of m-diethylaminophenol affords rhodamine-B itself. 

A. Condensations by means of phosphoryl chloride. The acid was condensed with the 
following substances: dimethyl- and diethyl-aniline, ethylbenzylanilinesulphonic acid, 
m-methoxy- and m-ethoxy-diethylaniline, according to the method of G.P. 85931, 1.e., 
heating the components together in benzene or toluene solution in presence of phosphoryl 
chloride. Condensation occurred readily in all cases, with the production of substances 
which were soluble in alkali to blue-violet solutions and appeared to be the desired analogues 


of the “ blue salt,” e.g., (VI). 
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On examination, however, they were all found to consist of pairs of substances, dis- 
tinguished as the “‘ A ”’ series and the “ B”’ series. Both types gave colourless solutions 
in acids, the ‘‘A”’ type affording green and the “B” type violet solutions in caustic 
alkalis, and in the cases of the methoxy- and ethoxy-derivatives, on reacidification rhod- 
amine-B was formed (identified by its absorption spectrum). 

The products were associated with much inorganic matter, particularly phosphorus, 
and all attempts at further purification failed. That the inorganic matter is chemically 
combined is shown by the ready solubility of the product in non-aqueous solvents such as 
benzene and chloroform. It appears possible that the “ A” series may consist of phos- 
phoric esters of the type (VII), the inorganic radical being eliminated by caustic alkali, but 
this point remains uncertain, as the substances could not be obtained pure and their further 
investigation appeared unprofitable. 

B. Condensations by means of acetic anhydride. By the use of acetic anhydride, colour- 
less, well-crystallised condensation products were obtained consisting of the acetyl deriv- 
atives of the desired compounds ; thus, from diethylaniline was formed the acetyl derivative 
of (VI; X = H), z.¢., 4’ : 4”-bisdiethylamino-2'-acetoxydiphenylphthalide. 

A number of such derivatives were prepared and analysed. They fall naturally into two 
groups : (i) where the second component is an unsubstituted tertiary amine, 7.¢., in addition 
to the foregoing compound, 4’’-dimethylamino-4'-diethylamino-2’-acetoxydiphenylphthalide, 
4’-diethylamino-4’’-ethylsulphobenzylamino-2’-acetoxydiphenylphthalide, and 4’-diethyl- 
amino-2'-acetoxyphenyl-4''-dimethylamino-a-naphthylphthalide; (ii) where the second com- 
ponent is an oxy-derivative, e.g., m-methoxy- or m-ethoxy-diethylaniline or the corresponding 
ethyl carbonate, i.e., 4’ : 4’’-bisdiethylamino-2'-acetoxy-2"’-ethoxy- and 4’ : 4'’-bisdiethylamino- 
2’-acetoxy-2"'-methoxy-diphenylphthalides. 

Both types, (i) and (ii), were stable towards cold aqueous 10° sodium hydroxide, but 
on short treatment with alcoholic potassium hydroxide, even in the cold, the 2’-acetyl 
group was quickly hydrolysed, yielding the corresponding 2’-hydroxy-compound. In 
group (i) the hydrolysis products obtained were stable and acted as indicators of the 
orthophthalein type, (VI; X = H), for instance, changing from colourless in acid to deep 
violet in alkali at #; 9—10. In other cases, the colour change occurred over a range from 
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pa 9toll. In the compounds of group (ii), warm alcoholic caustic alkali removed not only 
the acetyl group but also the alkyl group, with formation of the rhodamine, thus confirming 
the very strong tendency towards the formation of the stable pyrone structure noted 
throughout. With cold dilute methyl-alcoholic barium hydroxide solution, a purple liquid 
was formed, changing slowly on standing, and rapidly on warming, to the typical rhodamine 
red solution. 

Whilst the results of the present investigation cannot be regarded as definitive, the 
evidence obtained, in particular the behaviour of the phthaleins of type (ii) with alcoholic 
barium hydroxide, suggests that von Baeyer’s formula for the blue salt of rhodamine-B is 


correct. 
EXPERIMENTAL. 


The Blue Sodium Salt of Rhodamine-B.—Recrystallised rhodamine-B (10 g.) in 20 c.c. of 
boiling water, slightly acidified with hydrochloric acid, was filtered into 40% sodium hydroxide 
solution (175 c.c.) with shaking. When heated to 90°, the violet precipitate became deep blue 
and crystalline, and was then collected on a Buchner funnel. After being washed with 40% 
sodium hydroxide solution, the product was sucked dry in a current of well-dried air, and then 
placed in a vacuum desiccator over potassium hydroxide. Attempts to obtain the product free 
from sodium chloride by the use of the rhodamine base did not give a satisfactory product. 
The use of alcoholic sodium ethoxide, as recommended by Hewitt and Perkins (Joc. cit.), also 
failed to yield the blue salt. The product so obtained was not analytically pure but the percen- 
tage of sodium agreed approximately with that calculated for the disodium salt. A dilute 
solution of the substance in pyridine (1 : 20,000) showed a strong characteristic absorption band 
with a peak at A= 600 uy. A very dilute solution in benzene was unstable, but showed a 
maximum absorption at A = 635 py. All attempts at alkylating or acylating the blue salt by 
means of ethyl bromide, methyl sulphate, toluene-p-sulphonic ester, or benzoyl chloride caused 
immediate formation of rhodamine-B. 

4’-Diethylamino-2’-hydroxy-o-benzoylbenzoic Acid.—The process of G.P. 85931 was examined 
to determine the most suitable solvent and the optimum time of heating, benzene, toluene, and 
xylene being used for periods varying from 2 to 8hours. Toluene gave the best results: phthalic 
anhydride (30 g.; 0-2 mol.) and m-diethylaminophenol (33 g.; 0-2 mol.) were heated together 
for 5 hours in boiling toluene (150 c.c.). The crude red acid which separated was removed at 
once from the hot liquid, washed successively with small volumes of hot toluene and about 
70 c.c. of methylated spirit to remove tar, and recrystallised from methylated spirits; pinkish 
crystals, m. p. 170—180° (decomp.); crude yield, 70—80%. 

Methyl ester. The acid (20 g.) was suspended in dry methyl alcohol (100 c.c.), the mixture 
cooled in a freezing mixture, mechanically stirred, and hydrogen chloride passed in. The thick 
paste formed was gradually converted into a pale yellow solution, and after standing for 
some hours was heated to 30° for 10 minutes, and then poured into iced dilute ammonia to 
remove unchanged acid; the insoluble cake of ester formed colourless platelets from methyl 
alcohol, m. p. 124° (Found: C, 69-3; H, 6-7; N, 4:4. Cy ygH,,0O,N requires C, 69-7; H, 6-4; 
N, 4-3%). 

Attempts to prepare the methyl ether of the same acid, either by direct alkylation or by 
condensing together the methyl ether of m-diethylaminophenol and phthalic anhydride by means 
of aluminium chloride, were unsuccessful. 

A. Condensations of 4’-Diethylamino-2’-hydroxy-o-benzoylbenzoic Acid with Tertiary Amines 
by Means of Phosphoryl Chloride.—The following example, with dimethylaniline, is typical of all 
the condensations. 5 G.of the acid and 2 g. of dimethylaniline were added to toluene (20 c.c.), 
and phosphoryl chloride (5 g.) added. After the initial reaction had taken place with a slight 
rise in temperature, the mixture was heated to 120° in an oil-bath for 15 minutes, the excess of 
toluene decanted off, and the remainder removed by steam-distillation. From the filtered 
aqueous solution, the condensation product was precipitated by the addition of sodium acetate 
(50 g.) in water (100 c.c.). The product was purified by solution in dilute hydrochloric acid 
(charcoal) and reprecipitation by sodium acetate, the final product being filtered off and dried ; 
yield 5 g. This was boiled with methyl alcohol (150 c.c.) and cooled, the sparingly soluble 
product, A;, being then filtered off; it formed, when dry, a pale green amorphous powder 
affording green solutions in alkalis. 

The soluble product B,, was recovered by pouring the alcoholic mother-liquor into a solution 
of sodium acetate (100 g.) in water (200 c.c.), and formed an amorphous powder giving a violet 
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solution in alkalis. Both A, and B, formed non-crystalline hydrochlorides and contained 
phosphorus; they were not pure enough for analysis. 

B. Condensations of 4’-Diethylamino-2’-hydroxy-o-benzoylbenzoic Acid by Means of Acetic 
Anhydride.—(a) With diethylaniline. The acid (9 g.) and diethylaniline (4-5 g.) were dissolved 
in acetic anhydride (45 c.c.) and the whole refluxed for 3 hours. The cooled product was stirred 
with ice-water until the hydrolysis of the acetic anhydride was complete; the colourless 4’ : 4’- 
bisdiethylamino-2’-acetoxydiphenylphthalide (12 g.) was recrystallised from methyl alcohol; 
yield 10 g. (77%); m. p. 136—137° (Found: C, 73-5; H, 7:2; N, 5-8. C39H3,O,N, requires 
C, 74:1; H, 7-0; N, 58%). 

Hydrolysis. 2G. of the condensation product were warmed for a short time with methyl 
alcohol (20 c.c.) and 20% methyl-alcoholic potassium hydroxide (5 c.c.). The mixture was 
poured into dilute acetic acid and the pale blue precipitate filtered off; after purification by 
redissolution in dilute hydrochloric acid, precipitation with sodium acetate, and drying, the 
resultant 4’ : 4’’-bisdiethylamino-2’-hydroxydiphenylphthalide formed a pale blue amorphous 
powder, soluble to a colourless solution in acids and a deep violet solution in alkalis of 
bu > 9. 

The absorption spectrum showed a maximum at 580—590 uy. The substance still contained 
traces of inorganic matter and was not analysed. 

(b) With dimethylaniline. The preparation was carried out as in the previous case, the 
resultant 4’-dimethylamino-4’-diethylamino-2’-acetoxydiphenylphthalide separating from methyl 
alcohol at first as an oil, which solidified to colourless crystals, m. p. 130—131° from 
methyl alcohol (Found: C, 73-2; H, 6-9; N, 6:2. C,gH3,0,N, requires C, 73-3; H, 6-6; 
N, 61%). 

On hydrolysis with alcoholic potassium hydroxide it yielded the hydroxy-compound, giving 
a change, colourless > purple, at py 9—10. 

(c) With ethylbenzylanilinesulphonic acid. The product obtained could not be crystallised 
and was not analysed. On hydrolysis with alcoholic potassium hydroxide, it yielded an indicator 
changing from colourless to violet at pq 10—11. 

(d) With dimethyl-a-naphthylamine. With 1-7 g. of dimethyl-«-naphthylamine and 3 g. of the 
acid, 2 hours’ boiling sufficed to effect the condensation, which was accompanied by much 
rhodamine formation. 3-2 G. of 4’-diethylamino-2’-acetoxyphenyl-4’’-dimethylamino-a-naphthyl- 
phthalide, m. p. 122—123° (Found: C, 75-8; H, 6-7; N, 5:2. C,,H;,0,N, requires C, 75-6; 
H, 6-3; N, 5°5%), were obtained. On hydrolysis it yielded 4’-diethylamino-4”-dimethylamino- 
2’-hydroxyphenylnaphthylphthalide (?) which gave a change from colourless to orange-brown 
at py 9—10, showing a maximum absorption at’ = 470 uy. 

Attempts to condense 4’-diethylamino-2’-hydroxy-o-benzoylbenzoic acid with N-ethyl- 
carbazole, m-nitrodimethylaniline, acetanilide, monoethyl- and diethyl-o-toluidine yielded no 
identifiable products capable of giving a coloration with caustic alkali, so condensation had 
apparently not been effected. 

(e) With m-ethoxydiethylaniline. m-Diethylaminophenol (115-5 g.; 0-7 mol.), dissolved in 
10% aqueous sodium hydroxide (350 c.c.; 0-875 mol.) diluted with water (700 c.c.), was treated 
with ethyl p-toluenesulphonate (175 g.; 0-875 mol.), and the mixture heated on the water-bath 
at 95° for } hour until the odour had disappeared. The m-ethorydiethylaniline, after extraction 
by ether, was distilled under diminished pressure; it formed a colourless oil, b. p. 148°/15 mm. ; 
yield 113 g. (87%) (Found: C, 74:1; H, 9-9; N, 7-5. C,,H,gON requires C, 74-6; H, 9:8; 
N, 7:3%). 

4’-Diethylamino-2’-hydroxy-o-benzoylbenzoic acid (5 g.), m-ethoxydiethylaniline (3-2 g.), 
and acetic anhydride were boiled together for 4 hours, and the product worked up as before 
yielding 4-3 g. of product. The resultant 4’ : 4”-bisdiethylamino-2’-acetoxy-2”-ethoxydiphenyl- 
phthalide was almost insoluble in methyl alcohol, but formed colourless crystals from ethyl 
alcohol or light petroleum, m. p. 206—208° (Found: C, 72-2; H, 7:3; N, 5-4. C3,H3,0;N, 
requires C, 72-5; H, 7:2; N, 5:3%). It was unattacked by aqueous alkali, but with alcoholic 
potassium hydroxide in the cold, or more rapidly on warming, both the acetyl and the ethyl 
group were eliminated, with formation of rhodamine-B. 

(f) With m-methoxydiethylaniline. This was effected as with the ethyl ether, some rhodamine 
formation being also noted. The resultant colourless crystals of 4’ : 4’-bisdiethylamino- 
2’-acetoxy-2’’-methoxydiphenylphthalide had m. p. 176—177°, from methyl alcohol (Found : 
C, 71-4; H, 7:0; N, 5-5. C3,H;,0;N, requires C, 72-1; H, 7-0; N, 5:8%). The alcoholic 
mother-liquor was pale blue, turning rhodamine-red on standing. Possibly this may have been 
due to a small amount of the unacetylated methyl ether. The behaviour with alkalis was the 
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same as that of the ethyl ether. Rhodamine formation also took place rapidly on warming the 
substance for a short time with concentrated sulphuric acid. 


The authors’ thanks are due to the British Dyestuffs Corporation, Ltd., and to the Clayton 
Aniline Co., Ltd., for generous gifts of chemicals. 
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298. The Preparation of 4: 4'-Bisdiethylamino-2 : 2’-dimethoxytri- 
phenylcarbinol. 


By WILLIAM R. Brown and FREDERICK A. MASON. 


THE close connexion between the substances described in the previous communication 
(this vol., p. 1264) and the anilinephthaleins, such as the so-called “ Phthal Griin” (I) 
(O. Fischer, Annalen, 1881, 206, 107; Haller and Guyot, Compt. rend., 1897, 125, 221, 
1153), on the one hand, and malachite-green, or brilliant-green (III), on the other (O. 
Fischer, Ber., 1881, 14, 2520), made it desirable to examine the colouring matter (II), 
i.e., the 2’ : 2’’-dimethoxy-derivative of brilliant-green, in order to ascertain whether the 
presence of the two o-methoxy-groups would affect the stability and colour of the resulting 
dyestuff; and also, if possible, to prepare the corresponding phthalein (IV). 

The latter objective was not attained, for in the attempted condensation of as-phthalyl 
chloride with m-methoxydimethylaniline by means of aluminium chloride, the main 
product of the reaction appeared to be rhodamine-B. In the light of other evidence, it 
is possible that the phthalein may have been formed in the first instance and that | 
demethylation took place immediately with formation of the pyrone ring. 

The corresponding triphenylmethane dye (II) was, however, prepared, though oxid- 
ation of the leuco-compound to the carbinol base (4 : 4’-bisdiethylamino-2 : 2’-dimethoxy- 
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triphenylcarbinol) took place with great difficulty, the two o-methoxy-groups having a 
powerful inhibiting action. The new dyestuff, in the form of the chloride, was found 
to resemble brilliant-green very closely, and dyed silk a slightly yellower shade than the 
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unsubstituted dye, its maximum absorption in dilute aqueous solution being at 4 = 635 py 
(as compared with 4 = 627 uy under similar conditions, for brilliant-green). 

The new dyestuff was quite stable and showed no tendency whatever to split off 
methyl groups and form the corresponding xanthene derivative. 


EXPERIMENTAL. 
m-Methoxydiethylaniline—m-Diethylaminophenol (42 g.; 0-25 g.-mol.) was dissolved in 
methyl alcohol (130 c.c.), and methyl sulphate (48 g.; 0-375 g.-mol.), diluted with an equal 
40 
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volume of methyl alcohol, was run into the boiling solution simultaneously with a 10% 
methyl-alcoholic potassium hydroxide solution (210 c.c.; 0-375 g.-mol.) during ? hour. After 
removal of the bulk of the alcohol by distillation, the residue was extracted with ether, any 
unchanged aminophenol removed by means of aqueous alkali, and the residue, after removal 
of the ether, distilled under diminished pressure; yield, 32 g. (72%). Alkylation in aqueous 
solution gave only a 51% yield. m-Methoxydiethylaniline forms a colourless oil, b. p. 146— 
148°/14 mm., darkening rapidly on keeping (Found: C, 73-4; H, 9-3; N, 7-8. C,,H,,ON 
requires C, 73-7; H, 9-5; N, 7-8%). 

2 : 2’-Dimethoxy Brilliant-green.—The foregoing compound (10 g.) and benzaldehyde (3 g.) 
were boiled with concentrated hydrochloric acid (8-0 g.) for 8 hours. The sticky product was 
steam-distilled in presence of sodium carbonate (4 g.), the crude substance weighing 10 g. 
(80%). The pure 4: 4’-bisdiethylamino-2 : 2’-dimethoxytriphenylmethane crystallised from light 
petroleum in small rosettes, m. p. 114° (Found: C, 77-6; H, 86; N, 6-4; OMe, 13-0. 
Cy9H3,0,N, requires C, 78-0; H, 8-5; N, 6-3; OMe, 13-0%). 

Oxidation to the colour base. The leuco-base was surprisingly resistant to ordinary oxidising 
agents such as lead peroxide and acid, and moderately satisfactory results were obtained only 
with chloroanil (cf. O. Fischer, Ber., 1881, 14, 2520) in ethereal suspension; the leuco-base 
(7-5 g.) was dissolved in ether (40 c.c.), a suspension of chloroanil (4-3 g.) in ether (50 c.c.) 
added, and the whole boiled for 5 hours. The deep green viscid carbinol base, left after 
removal of the ether, was extracted with dilute sodium hydroxide to remove tetrachloroquinol, 
the residue treated with concentrated hydrochloric acid, and the diluted acid extract rendered 
alkaline with sodium carbonate. The precipitated 4 : 4’-bisdimethylamino-2 : 2’-dimethoxy- 
triphenylcarbinol was extracted with ether, and the solvent evaporated, leaving the base as 
small colourless platelets, m. p. 115°; yield 5 g. (65%). 


The authors’ thanks are due to Imperial Chemical Industries, Ltd., and to the Clayton 
Aniline Co., Ltd., for gifts of chemicals. 
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299. The Constitution of Ascorbic Acid.* 


By R. W. HERBERT, E. L. Hirst, E. G. V. PERcIVAL, R. J. W. REYNOLDs, 
and F, SMITH. 


INVESTIGATIONS into oxidation systems of biological interest led Szent-Gyérgyi (Biochem. 
J., 1928, 22; 1387) to the discovery of a crystalline substance, C,H,O,, which, widely 
distributed in plants and animals, possesses chemical and physiological properties of 
outstanding importance. On account of its acidic character, strong reducing power, and 
colour reactions, which recalled those given by carbohydrates, the substance was named 
hexuronic acid, but the present work has demonstrated that it is not in reality a member 
of the uronic acid class. In view of the fact that all specimens which have been examined 
possess strong antiscorbutic properties (Svirbely and Szent-Gyérgyi, Nature, 1932, 129, 
576, 690 ; Biochem. J., 1932, 26, 865; 1933, 27, 279; Birch, Harris, and Ray, Nature, 
1933, 131, 273; Tillmanns, Hirsch, and Vaubel, Z. Unters. Lebensm., 1933, 65, 145. See 
also Hirst and Zilva, Biochem. J., 1933, in the press) the name has been changed to ascorbic 
acid (Haworth and Szent-Gyérgyi, Nature, 1933, 131, 24). Much evidence has been 
accumulated concerning the relationship between this substance and the antiscorbutic 
factor (vitamin C) (for a summary of the evidence, see Szent-Gyérgyi, Nature, 1933, 131, 
225) and the view is held by many workers that ascorbic acid is vitamin C in a pure crystal- 
line condition. The biological problem is, however, one of great complexity and it is 

* Summaries of the work now presented have already been published as follows: The General 
Properties of Ascorbic Acid and Oxidation to Threonic Acid (with R. J. W. Reynolds; Nature, 1932, 
129, 576; 180, 888). Absorption Spectrum of Ascorbic Acid (with R. W. Herbert; ibid., 1932, 129, 
205). Configuration of Ascorbic Acid and Proposal of a Lactone Formula (J. Soc. Chem. Ind., 1933, 
52, 221). Investigation of Methylated Derivatives of Ascorbic Acid (with E. G. V. Percival and F. 
Smith; Nature, 1933, 131, 617).—E. L. Hirst. 
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necessary to proceed cautiously before the claim that ascorbic acid is to be regarded as 
the only antiscorbutic agent can be considered as definitely established. 

The present paper deals with the chemical constitution of ascorbic acid and describes 
work carried out with material derived both from animal (adrenal glands) and from plant 
(paprica) sources. We confirmed in the first place, using rigorously purified material, 
m. p. 192°, the early observations of Szent-Gyérgyi, who assigned the elementary formula 
C,H,O, (M.W. 176). We found that the substance behaved on titration as a weak organic 
acid, giving salts of the type CgH,O,M. Ascorbic acid is not, therefore, a lactone of an 
acid CgH,,0,, as was formerly supposed, and on the other hand it cannot be lactonised. 
It does not exhibit mutarotation in aqueous solutions and the magnitude of the rotation, 
[«]57g0 +24°, is not appreciably affected by the acidity of the solution. By contrast the 
salts display a high positive rotation (ca. + 100°) and the value varies greatly with the 
alkalinity, increasing to over 160° in 2N-alkali. These high rotations are not indicative of 
decomposition, since on acidification the value falls immediately to that of ascorbic acid. 

Ascorbic acid is a powerful reducing agent. Incold neutral or acid solution it is attacked 
immediately by iodine, ozone, silver nitrate, copper acetate, and potassium permanganate. 
It reduces Fehling’s solution vigorously in the cold, and in alkaline solution it is rapidly 
attacked by gaseous oxygen. Alkaline solutions of ascorbic acid are, however, relatively 
stable in an inert atmosphere and acidified solutions are only slightly affected by oxygen. 
The reducing properties are much less evident in non-aqueous media, iodine, for example, 
being entirely devoid of action upon alcoholic solutions of the acid. It does, however, 
react with permanganate in acetone. These properties and the ease of reaction with 
phenylhydrazine, which readily gives a red crystalline derivative, m. p. 187°, point to the 
presence of at least one carbonyl group capable of enolisation, and this conclusion is supported 
by the nature of the ultra-violet absorption spectrum, which resembles that given by many | 
labile ketonic substances. The colour reactions with ferric chloride and sodium nitro- — 
prusside also indicate the presence of an enolic group, and the work of Karrer, Salomon, 
Schépp, and Morf (Vierteljahrsch., Naturforsch. Ges. Zurich, 1933, 78, 9; Helv. Chim. 
Acta, 1933, 16, 181; Biochem. Z., 1933, 258, 4) lends further support to this view. Since 
no colour is given with Schiff’s reagent, it is unlikely that a free aldehyde group is present. 
That five at least of the six carbon atoms are present as an unbranched chain follows from 
the observation that ascorbic acid yields furfuraldehyde quantitatively on treatment with 
boiling hydrochloric acid. 

Insight into the structure of ascorbic acid was gained from a quantitative study of its 
behaviour towards oxidising agents. Two well-defined stages mark the course of the 
oxidation. When the substance is oxidised by iodine in acid solution, two atomic pro- 
portions of iodine are required, and two molecules of hydriodic acid are liberated during 
the reaction, which in effect consists in the addition of two hydroxyl groups to a double 
bond. The intervention of water is essential, alcoholic iodine being without action. The 
newly formed product does not display selective absorption and does not yield furfural- 
dehyde with hydrochloric acid. It is neutral in character and behaves towards water and 
towards alkalis as the lactone of a monobasic hydroxy-acid. No disintegration of the 
molecule takes place during this stage of the oxidation inasmuch as the product can be 
converted quantitatively into ascorbic acid by reducing agents such as hydrogen sulphide 
or hydriodic acid. 

These observations show clearly that there is no free carboxyl group in ascorbic acid 
and that the acidic properties are due to the presence of an activated -CH-OH group 
situated next toacarbonyl group. The reactive group would be of the type -C(OH):C(OH)-, 


H H OHH 
HO-C-CO,H (OH),¢-CO,H OHC-C—C—_C—_¢--CH, OH 
HO-C-CO,H (OH),C-CO,H OH OH H OH 
(I.) (II.) (III) 
giving on oxidation in the presence of water -C(OH),°C(OH),-. Such a system is present 
in dihydroxymaleic acid and it is of special interest to find that dihydroxymaleic acid (I) 
402 
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reacts in acid solution with iodine (2 atoms), giving dihydroxytartaric acid (II). The 
product can be quantitatively reduced with hydriodic acid. During the oxidation the 
intense absorption band of dihydroxymaleic acid, which closely resembles that of ascorbic 
acid, disappears and the product does not show selective absorption. This analogy may be 
extended in that the two enolic groups in ascorbic acid and in dihydroxymaleic acid react 
with diazomethane, giving methylated derivatives whose absorption spectra stand in a 
similar close relationship with those of the parent substances. Since we advocated this 
type of linking for ascorbic acid in our preliminary note (Hirst, J. Soc. Chem. Ind., loc. 
cit.) the same kind of group has also been suggested by von Euler and Martius (Arkiv 
Kemi Min. Geol., 1933, 11, B, 1) from analogies with gluco-reductone [CHO-C(OH):CH-OH], 
which reacts with acid iodine, is acidic in character without possessing a carboxyl group, 
and shows a strong absorption band in the ultra-violet region. 

The first oxidation product of ascorbic acid still possesses reducing power, especially 
in alkaline solution, and on treatment with alkaline sodium hypoiodite it takes up one atomic 
proportion of oxygen and is transformed quantitatively into oxalic acid and a trihydroxy- 
butyric acid (VI). The latter substance was recognised in the form of the crystalline amide 
of its trimethyl derivative, which was proved to be trimethyl /-threonamide (VII). The 
identity of the trihydroxybutyric acid as /-threonic acid was further established by its 
conversion, on oxidation with nitric acid, into d-tartaric acid (VIII). The same product 
(/-threonic acid) was obtained when ascorbic acid was oxidised directly with acid 


permanganate. 
CO-NH, 
O CO,H CO,H H-C-OMe 
HO-C-OH co CO,H MeO-C-H 


HO-C-OH O iP i CH,OMe 
CO,H 
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HO-C-H HO-C-H ea H¢-OH N_ (0.H 

CH,:OH CH,OH HO-¢-H H-¢-OH 
CH,-OH HO-C-H 

(IV.) (V.) (VI) CO,H 


(VII.) 


(VIII) 


These observations demonstrate that ascorbic acid is a derivative of /-gulose (III) 
and that its first oxidation product (which, as we shall show later, has structure [V) must 
be capable of reacting in the form of structure (V) (2: 3-diketo-/-gulonic acid). The 
evidence given above indicates that the primary oxidation product is a lactone of (V), 
the carbonyl groups being in all probability hydrated. Ascorbic acid is the reduced form 
of this lactone and in view of its enolic character is to be represented as a lactone of the acid 
(IX) (3-keto-/-gulonolactone). 

(0,H =e 
C-OH . O HO-C 
-OH . ) HOC 
H-C-OH € H-C-OH 
HO-C-H ‘Cs See, don 
CH,°OH . CH,°OH 
(IX.) ; (XI.) 

Of the various possible modes of lactonisation, (X) (furanose) and (XI) (pyranose) 
represent the two most probable types, but the evidence already outlined above does not 
permit a definite allocation of ring structure to be made, and in view of the unknown 
effect on ring formation of the active groups at C, or C, it is impossible to rule out at this 
stage the formation of a 1 : 6-lactone ring. 

The nature of the ring system in ascorbic acid was determined by a study of the methyl- 
ated derivatives of the acid. By this means complete confirmation was obtained of the 
accuracy of the views advanced above concerning the stereochemical configuration of the 
molecule and the nature of the reactive enolic groups. The results enabled a clear decision 
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to be made in favour of the furanose structure (X) for ascorbic acid, which may therefore 
be designated 3-keto-/-gulofuranolactone. 

By the action of diazomethane on ascorbic acid a dimethyl derivative (XII) is readily 
obtained (Karrer, Salomon, Schépp, and Morf, Joc. cit.; Micheel and Kraft, Z. physiol. 
Chem., 1933, 215, 222). We have found that both the methoxyl groups so introduced are 
enolic in origin. In addition there are two other hydroxyl groups which can be methylated 
by Purdie’s reagents, giving tetramethyl ascorbic acid (XIII). This substance reacts 
easily with ozone, two atoms of oxygen being added with formation of a neutral product 
(XIV) which we identified as methyl 3 : 4-dimethyl /-threonate substituted in position 2 
by a methyl oxalate residue. This reaction proceeds similarly to the ozonisation of di- 


MeO-C—OC ; CO,H 
So —> 


| i CO,H 
MeO-C—HC MeO-C—HC O + 
HO-C-H MeO-C-H . C CO,H 
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(XII.) (XIII.) ‘ MeO-C-H (XVII) 
| ; - CH,*OMe 


CO-NH, CO,Na 
MeO-C 
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HO-C-H CO-NH, MeO-C-H MeO-C-H 
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(XVIII.) (XVIIIa.) (XVI.) (XV.) 





p-nitrobenzoyl dimethyl ascorbic acid studied by Micheel and Kraft (/oc. cit.). On treat- 
ment with methyl-alcoholic ammonia the neutral ester (XIV) gives immediately oxamide 
and 3:4-dimethyl /-threonamide (XV) together with a small quantity of the epimeric 
3:4-dimethyl erythronamide (XVI). Both amides give rise to sodium zsocyanate with 
sodium hypochlorite (Weerman reaction) and must therefore possess a hydroxyl group 
in the «-position to the -CO-NH, group. Reference to our earlier papers on the use of this 
test will suffice to show that it is of general application in the aliphatic group and quite 
diagnostic. The criticism of Micheel and Kraft (J. physiol. Chem., 1933, 218, 280) does 
not apply, since the only example they have quoted to the contrary is that of mandel- 
amide, which is not a comparable case. Hydrolysis of (XIV) with barium hydroxide gave 
barium oxalate and the barium salt of 3 : 4-dimethy] /-threonic acid, again admixed with a 
small quantity of 3:4-dimethyl /-erythronic acid. From the 3: 4-dimethyl /-threonic 
acid (XVII) there was obtained by methylation methyl 2:3: 4-trimethyl /-threonate, 
and this was converted into the same crystalline amide (VII) which we had previously 
derived from ascorbic acid as the result of oxidation, followed by methylation of the 
l-threonic acid so produced. 

Proof of the identity of this amide (VII) was provided in the following ways. The 
analytical data, molecular weight, and the fact that the substance was optically active 
were sufficient to show that it was a 2: 3: 4-trimethoxy-n-butyramide. Four possibilities 
then arose, namely, the d- and /-forms of trimethyl erythronamide and the d- and /-forms 
of trimethyl threonamide. Now trimethyl d-erythronamide was already known (Avery, 
Haworth, and Hirst, J., 1927, 2308) and was definitely not identical with (VII). X-Ray 
examination confirmed that (VII) was different in structure from d (or /)-trimethyl erythron- 
amide. The substance was therefore either d- or /-trimethyl threonamide, and conclusive 
proof that it was in fact the /-enantiomorph was provided by the observation that the 
unmethylated acid corresponding to (VII) gave d-tartaric acid on oxidation with nitric 
acid and must therefore be /-threonic acid. It is of interest to observe that the sign of the 
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rotation of (VII) is positive and that in consequence this substance follows the amide 
rotation rule. 

The identity of the 3 : 4-dimethyl /-threonic acid was determined by the following con- 
siderations. On methylation it gave methyl trimethyl /-threonate, showing that the 
partly methylated derivative was 2:3-, 2:4-, or 3:4-dimethyl /-threonic acid. The 
first two of these were ruled out by the observation that the dimethyl ester yielded an 
amide which gave a positive Weerman reaction. The substance was therefore 3 : 4-di- 
methyl /-threonic acid, and this view is in agreement with the fact that methylation was 
accompanied by a large increase in dextrorotation. 

The isomeric amide which was also isolated differed from 3 : 4-dimethyl /-threonamide 
and was not the enantiomorph of (XV). Since the analytical data, the optical activity, 
and positive Weerman reaction sufficed to establish its structure as 2-hydroxy-3 : 4-di- 
methoxy-n-butyramide, it followed that it must be either d- or /-3 : 4-dimethyl erythron- 
amide. Since inversion of the groups attached to the penultimate carbon atom is most 
improbable, we designate it 3 : 4-dimethyl /-erythronamide. In agreement with this is the 
fact that the amide is levorotatory in accordance with the amide rotation rule which 
appears to hold generally in this series. 

The reaction between tetramethyl ascorbic acid (XIII) and ozone involved the addition 
of two oxygen atoms with formation of a neutral ester (XIV), and the breaking of the bond 
between the two carbon atoms which were united by a double linkage did not result in the 
formation of a substance containing a smaller number of carbon atoms. It follows, 
therefore, that a ring system was present in tetramethyl ascorbic acid and the nature of the 
reaction leaves open only two possibilities for the structure of (XIII), for which the 
alternative is the following (XIX) containing a propylene oxide ring. The latter is in- 


O 
|_ ome |x 
CO,Me-C—C —C-CH,"OMe (XIX.) 
H 
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herently improbable owing to the strained nature of the ring and furthermore the properties 
of dimethyl ascorbic acid and the fact that the primary oxidation product of ascorbic 
acid is a lactone and not an acid provide decisive evidence in favour of (XIII). 

Dimethyl ascorbic acid is a neutral substance which reacts with one equivalent of sodium 
hydroxide, giving a sodium salt. This reaction was claimed by Karrer (loc. cit.) and by 
Micheel (loc. cit.) as proof that one of the methoxyl groups was esteric in character. A 
closer examination of the reaction has revealed that the sodium salt is formed without 
elimination of methyl alcohol and proceeds in the cold in a manner similar to the opening 
of a lactone ring. The formation of a sodium salt from (XIX) would necessarily involve 
ester hydrolysis and this structure may therefore be discarded. 

The origin of the small quantity of 3 : 4-dimethyl /-erythronic acid which accompanies 
the 3: 4-dimethyl /-threonic acid is at present obscure. Its formation involves inversion 
of the groups attached to C, of the original ascorbic acid. This may have occurred during 
the reaction with diazomethane or during the subsequent methylation with silver oxide, 
or more probably during the treatment of the ozonised product with alkali, epimerisation 
of a-hydroxy-acids by alkali being of well-known and frequent occurrence. We have 
considered the possibility that the ascorbic acid used might have contained two isomerides, 
but have rejected it on the ground that no 7-tartaric acid could be discovered in a rigorous 
search for traces of this material amongst the d-tartaric acid produced by direct oxidation 
of /-ascorbic acid. It follows that 3 : 4-dimethyl /-erythronic acid had been formed by an 
indirect route involving isomerisation and that /-ascorbic acid is configurationally related 
to /-gulose and /-sorbose. 

Tetramethyl ascorbic acid has therefore the structure represented by (XIII) and the 
form of ascorbic acid which reacted with diazomethane must be (XX). It is obvious that 
various tautomeric modifications of this structure are possible, for example (XXI), (XXII) 
and (XXIII), and the versatile character of ascorbic acid suggests that it can indeed react 
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in more than one of these forms. Two of those illustrated (XXII) and (XXIII) (3-keto- 
l-sorbosone) should give rise to two stereochemical isomerides and, apart from the fact that 


HO-C—CO HO-C=C-OH HO-CH—CO OC—CH-OH 
I >0O >0 >0O 
HO-C—CH OC—CH OC——CH OC—CH 
CH-OH CH-OH CH-OH CH-OH 
CH,-OH CH,°OH CH,‘OH CH,-OH 
(XX.) (XXL) (X XII.) (X XIII.) 


no such modifications of ascorbic acid have been observed, a structure of this type cannot 
be reconciled with the X-ray data of the crystalline material (Cox, Nature, 1932, 180, 205), 
which demand an extraordinarily flat molecule. The very close similarity between the 
absorption spectra of ascorbic acid and its dimethyl derivative, taken in conjunction with 
the similar relationship existing in the dihydroxymaleic acid series, provides a strong 
indication that in solution, whether in acid, neutral or alkaline media, ascorbic acid is 
essentially in the condition represented by (XX) (enolic form of 3-keto-/-gulofurano- 
lactone, which, despite the views of Micheel and Kraft, J. physiol. Chem., 1933, 218, 280, 
is in no sense equivalent to the 2-keto-isomeride). It is surprising to find that a structure 
of this type should remain intact in the presence of alkali. The stability of the lactone 
ring in the free acid would appear to be connected in some way with the ionised condition 
of the hydroxyl group responsible for salt formation. If a non-ionised ether group re- 
places the ionised hydroxyl, the lactone ring appears to be very much less stable and opens 
readily in the cold under the influence of dilute alkali. A search for analogies has revealed 
that this behaviour is simulated by certain other substances and a detailed investigation, 
now in progress in these laboratories, of the very remarkable mannosaccharodilactone has 
indicated that a lactone containing strongly reducing groups may yield a sodium salt without 
opening of the lactone ring. 

A critical discussion of the X-ray data, details of which will be published later by Mr. 
E. G. Cox (for summary, see Cox, Nature, 1932, 130, 205), reveals that (XX) accounts 
satisfactorily for the crystallographic properties. Reference to the model, a diagrammatic 
representation of which is given in (XXIV), shows that of the total of 12 carbon and oxygen 
atoms all but one can be accommodated in one plane without appreciable valency strain, 
whilst the remaining carbon (C,) lies less than 1 A. above the plane. 


H 


C O 
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1-Ascorbic acid. 


Structures may now be assigned to various derivatives of ascorbic acid. Vargha’s 
monoacetone derivative will be represented by structure (XXV) (Nature, 1932, 130, 847), 
which is transformed by diazomethane into dimethyl monoacetone ascorbic acid (Karrer, 
Salomon, Schépp, and Morf, Joc. cit.). This is in agreement with Karrer’s observation that 
the acetone body retains unimpaired its enolic character. Micheel and Kraft’s dimethyl 
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di-p-nitrobenzoyl derivative is (XXVI). The observation of the latter authors that 
(XXVI) gives oxalic acid and /-threonic acid on ozonisation, followed by hydrolysis, is 
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in exact agreement with the structural views now advocated, although a different explana- 
tion, rendered untenable by the present results, was adopted by them. The structure 
(XXIV) contains a primary alcoholic group on C, and so accounts for the formation of a 
triphenylmethyl derivative (XX VII) (Vargha, Nature, 1933, 131, 363). 

It is necessary to discuss in greater detail the properties of the first oxidation product 
of ascorbic acid. It has already been mentioned that when newly formed this substance 
is neutral in reaction and possesses no trace of the intense selective absorption characteristic 
of ascorbic acid. If, however, the aqueous solution of the oxidation product is kept at 
room temperature, the rotation gradually changes from +- 56° to — 6° in the course of 
70 hours, a longer time being required for the attainment of equilibrium if the mineral 
acid (2 mols.) formed during the oxidation is neutralised. The fall in rotation is accom- 
panied by a gradual development of a weak absorption band at 290 my, which attains 
its maximum intensity when the solution has reached equilibrium, in which condition at 
least 80% of the oxidation product is present as freeacid. No disintegration of the molecule 
has occurred during these changes, since on reduction with hydriodic acid the “ equili- 
brium ” product gives rise to ascorbic acid in good yield. As will be seen later, however, 
with hydrogen sulphide the reduction proceeds only to the extent of about 10%. The 
freshly prepared oxidation product gives an orange derivative, m. p. 216°, with phenyl- 
hydrazine, the analytical data for which indicate that it is obtained by the condensation 
of a molecule CgH,O, with two molecules of the base. A different phenylhydrazine deriv- 


OH H 
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ative (yellow, m..p. 210°), which nevertheless has the same empirical formula, is obtained 
from the “‘ equilibrium ” solution and also from the oxidised product after opening of the 
lactone ring by salt formation. The rotation of the neutral sodium salt of the oxidation 
product is [«];239 — 26°. The value depends on the fg, of the solution and approaches — 100° 
in N-alkali. These alkaline solutions are yellow and extraordinarily unsiable in the 
presence of oxidising agents, including gaseous oxygen. Some decomposition takes place, 
even in an inert atmosphere, with formation of oxalic acid and the series of changes which 
takes place appears to be highly complex. For instance, slightly alkaline solutions of the 
oxidation product display relatively intense absorption bands at 265 my and 340 my, which, 
on acidification of the solution, move to 245 my and 300 my respectively. Only slight 
decomposition takes place under these conditions, since the re-acidified solution gives the 
yellow phenylhydrazine derivative in good yield. Iodine, however, is now taken up to 
an extent consonant with the idea that the band at 245 my is due to ascorbic acid. If 
this is indeed the case, it appears that amongst the changes which take place in alkaline 
solution there occurs to a small extent self-oxidation and reduction of the oxidation product 
with partial regeneration of ascorbic acid. A tentative explanation of these phenomena 
may be offered on the following lines. The primary oxidation product (XXVIII) would 
not show selective absorption, but if on opening of the lactone ring one (or both) of the 
hydrated keto-groups resumes its normal form the carbonyl band at 290 my would be 
expected to appear. It is readily understandable also that the lactone form would be 
more readily reduced to ascorbic acid than the open-chain form, since the latter, which 
must lactonise during the regeneration of ascorbic acid, can conceivably react both as a 
furanose and as a pyranose sugar. The facility with which hydriodic acid effects the 
lactonisation and reduction is probably due to the fact that the experiment is carried out 
by evaporating to dryness a solution of the oxidation product containing the requisite 
amount of reducing agent. The complex behaviour of the oxidation product towards 
alkalis is normal for reactive keto-hydroxy-compounds of this type. 

The possibilities for structural isomerism and stereoisomerism amongst phenylhydrazine 
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derivatives of ascorbic acid and its reversible oxidation product are so numerous that the 
allocation of precise structures is a matter of extreme difficulty. The highly coloured 
nature of the ascorbic acid derivatives renders it doubtful whether a true osazone structure 
is present. The analytical data point to a condensation product derived from CgH,O, 
rather than from C,H,O,, but with phenylhydrazine compounds it is difficult to discriminate 
by analysis between formule so closely related. On the basis of the formula 
C,H,O,(N-NHPh), it is perhaps possible that the structure of the red derivative, m. p. 
187°, from ascorbic acid is (X XIX). The orange derivative, m. p. 216°, obtained from the 
lactone form of the oxidised substance may be a true osazone (XXX). The yellow deriv- 
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H “CH 
ative, m. p. 210°, may also be an osazone and in this case condensation probably takes 
place with the free acid, followed by ring closure. In addition to alternative methods of 
ring closure, various tautomeric and stereoisomeric modifications are theoretically possible. 
The various derivatives with phenylhydrazine, f-nitrophenylhydrazine, #-bromopheny]l- 
hydrazine, and 2:4-dinitrophenylhydrazine form well-defined series of characteristic 
compounds obtainable in most instances in excellent yield. 

Ascorbic acid reacts also with o-tolylenediamine, giving slowly and in small yield a 
yellow condensation product which, however, does not appear to be homogeneous. The 
analytical data suggest that it consists mainly of a condensation product derived by the 
elimination of one molecule of water from one molecule of ascorbic acid and one of 0-tolylene- 
diamine. Its structure is obscure and its formation lends no support to the view at one 
time held that ascorbic acid contains two carbonyl groups. . 

Another derivative of special interest from the point of view of structure is the crystal- 
line substance obtained by Micheel and Kraft by the action of methyl-alcoholic ammonia 
on dimethyl ascorbic acid. No loss of methyl groups occurs during the reaction, which 
involves the addition of ammonia. These authors denied the amidic character of the 
product, but we have found that it gives the usual amide reactions and on the basis of 
the above structure for dimethyl ascorbic acid its formation can be simply represented as 
the ordinary addition of ammonia to a lactone, giving a product of structure (XXXI). 
The reaction is analogous to the opening of the lactone ring by alkali and it is significant 
that precisely the same type of rotation change occurs during the transformation of di- 
methyl ascorbic acid into the sodium salt and into the amide. Furthermore, both products 
are devoid of selective absorption in the ultra-violet region, although dimethyl ascorbic 
acid has a strong band at 4230my. The disappearance of the band may be ascribed to 
various causes, but little stress can be laid on this point, since a slight movement, towards 
the ultra-violet, of the band at 230 my would place it in a region of wave-length (< 200 my) 
where observations are impossible. 

The evidence which has been cited above is inconsistent with the various alternative 
formula which have been suggested for ascorbic acid. The earliest of these (XXXII) 
was proposed as an attempt to derive a reduced form of the first oxidation product (V) 
which would satisfy both the chemical and the crystallographic data. It was discarded 
in favour of a ring structure (Hirst, J. Soc. Chem. Ind., 1932, 52, 221) as soon as it became 
evident that the newly formed first oxidation product was a lactone and not an acid. 


(XXIX.) 
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Formule of the type (X XXIII), including various tautomeric ring forms, were pro- 
posed by Karrer almost simultaneously with our suggestion of (XXXII). These also suffer 
from the same disability as regards the presence of a carboxyl group. Moreover, we find 
that acetylpyruvic acid is not oxidised by iodine in acid solution and on the other hand is 
very readily hydrolysed by alkali. Recently a synthesis of a substance closely allied to 
(XX XIII) has been achieved (Fischer and Baer, Helv. Chim. Acta, 1933, 16, 534), but its 
properties do not favour in any way this type of structure for ascorbic acid. The structure 
(XXXIV), in which ascorbic acid is represented as a furancarboxylic acid, was later advo- 
cated by Micheel and Kraft (Nature, 1933, 131, 274 and Joc. cit.) and postulated as an 
alternative to (XX XIII) by Karrer. We had long been aware that this particular formula- 
tion served to explain many of the chemical properties of ascorbic acid, but we did not 
advance it because of its incompatibility with the crystallographic and X-ray requirements, 
which sufficed to exclude it (Cox, Joc. cit.; Cox and Hirst, Nature, 1933, 131, 402). The 
first oxidation product derived from a substance of this structure would have a free carboxyl 
group, the properties of its dimethyl derivative would be quite different from those observed, 
and ozonisation of the tetramethyl derivative would yield a product giving on hydrolysis 
oxalic acid and 2 : 4-dimethy]l /-threonic acid instead of the 3 : 4-dimethyl /-threonic acid 
we actually found. On the other hand the facts reported in Micheel and Kraft’s papers 
find a ready and natural interpretation (which has since been accepted by these authors, 
Z. physiol. Chem., 1933, 218, 280) in terms of the structure (XXIV) here advocated for 
ascorbic acid. It should be mentioned also that the synthetic experiments of Reichstein, 
Griissner, and Oppenauer (Helv. Chim. Acta, 1933, 16, 561) offer no support to the furan- 
carboxylic acid structure for ascorbic acid (see Haworth, J. Soc. Chem. Ind., 1933, 52, 
482), but on the contrary a synthesis of ascorbic acid by a similar procedure furnishes 
evidence of the accuracy of the constitution herein assigned (Haworth and Hirst, zbid., 
p- 645). 

EXPERIMENTAL. 

Properties of Ascorbic Acid.—Three samples of ascorbic acid were examined: (a) Crude 
material from adrenal glands. ‘Yellow powder, m. p. 170—175° after previous softening. 
[x]s2g9 + 23° in water. After recrystallisation from methyl alcohol-ether-light petroleum it 
had m. p. 190—191° (decomp.), [«]599 + 24° in water. Spectrophotometric examination 
indicated that the crude material was very nearly pure (Found: C, 41-0; H, 4-7. Calc. for 
C,H,O,: C, 40-9; H, 46%). (b) Material from adrenal glands, prepared at Mayo Clinic, 
Rochester, U.S.A. Cream-coloured powder, m. p. 182—184°. [a]p + 24° in water (Found : 
C, 41-2; H, 48%). After recrystallisation this had m. p. 190—191°. (c) Material from 
paprica. White crystalline powder, m. p. 192°. [a] 5299 + 24° in water (Found: C, 41-1; H, 
4-6%). The properties of this material did not alter on recrystallisation from acetone, dioxan, 
alcohol, or methyl alcohol-ether—petroleum. The properties of recrystallised ascorbic acid 
from adrenal glands and from paprica were identical in all respects except that when heated the 
material of animal origin turned pink (on subsequent cooling the colour disappeared) whereas 
the paprica material remained colourless up tothe m.p. The slight trace of impurity responsible 
for this could not be removed by crystallisation. The following experiments were mainly carried 
out with ascorbic acid from paprica, but were duplicated in many instances by similar experi- 
ments with material of animal origin. In no case was any difference in behaviour noticed. 
Pure ascorbic acid has m. p. 192° without previous darkening and rapidly decomposes with 
effervescence just above the m. p. When heated slowly, it begins to liberate carbon dioxide at 
170° without darkening and without melting. 

The mean of several analyses gave the figures C, 41-0; H, 4:7%. M 170 by X-ray analysis, 
172 by titration with sodium hydroxide (calculated as monobasic acid), 176 by iodine titration. 
The substance contained no nitrogen, sulphur, or methoxyl. It reduced Fehling’s solution in 
the cold. Neutral silver nitrate and neutral permanganate were reduced instantaneously. It 
decolorised aqueous bromine and iodine at once. Alcoholic iodine was not attacked, but it 
reduced potassium permanganate in acetone solution. It did not restore the colour to Schiff’s 
reagent, nor did it give the naphtharesorcinol test for glycuronic acid. When heated with 
boiling 12% hydrochloric acid, it readily gave furfuraldehyde, which was estimated in the usual 
way as the phloroglucide (yield, 87% of the theoretical). It reacted vigorously with carbonates, 
giving salts. The salts gave with ferric chloride an intense violet colour (fleeting colour only 
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with the free acid). Alkaline solutions of ascorbic acid gave with sodium nitroprusside a deep 
blue colour, changing to green and then to red. 

The calcium salt was prepared by adding a slight excess of calcium carbonate to an aqueous 
solution of ascorbic acid, filtering the solution, and evaporating it to dryness in a vacuum 
desiccator. On trituration with alcohol the neutral salt was obtained as a pale yellow powder. 
[a}i?" + 91° in water (c, 0-3) [Found: Ca, 9-9. (C,H,O,),Ca requires Ca, 10-2%]. 

The brucine salt of ascorbic acid was prepared by warming at 70° for 5 minutes an aqueous 
solution of ascorbic acid with an alcoholic solution containing the calculated amount of brucine. 
On evaporation a syrup was obtained which soon crystallised. After recrystallisation from hot 
alcohol it was a cream-coloured crystalline powder, soluble in water and in hot alcohol. M. p. 
216—217° (decomp.) (Found: C, 60-6; H, 6-6; OMe, 12-2; N, 5-0. C,9H3;,0,9N2,C,H,-OH 
requires C, 60-4; H, 6-5; OMe, 15-1; N, 4-6%). . 

Rotation of Ascorbic Acid and its Sodium Salt.—[a]}§,, + 24° in water (c, 3-0), 25° (c, 0-5), 
24° (c, 1-1) (contrast Karrer, von Euler, and Hellstrém, Arkiv Kemi Min. Geol., 1933, 11, B, 
No. 6). No mutarotation. Unless air-free water and hard-glass vessels were used, a gradual 
rise, followed by a fall in rotation, was observed. This was traced to partial salt formation 
caused by alkali dissolved from the glass, followed by oxidation. [«]}j/° + 22° in N/20-hydro- 
chloric acid or N-sulphuric acid. No mutarotation. The sodium salt of ascorbic acid had 
[x]}§39 + 116° in neutral aqueous solution (rotation calculated on concentration of ascorbic acid), 
+ 130° in N/20-sodium hydroxide, + 149° in N/7-sodium hydroxide, 155° in N/2-sodium 
hydroxide, 161° in 2N-sodium hydroxide (constant for 1 hour; value after acidification +- 21°) 
(all solutions made up in an atmosphere of nitrogen). The alkaline solutions were yellow, the 
acidified solution colourless. In acid solutions the rotation value remained almost unchanged 
for some hours when oxygen was passed through the solution; but rapid decomposition took 
place when oxygen was bubbled through alkaline solutions, oxalic acid being formed. 

In 50% aqueous acetic acid ascorbic acid reacts rapidly (10—15 minutes) with ozone, giving 
the same product (“ first oxidation product,” [«]57.9 -+- 56°) as that produced by oxidation with 
iodine or chlorine in acid solutions. The continued action of ozone results in decomposition * 
with formation of oxalic acid. 

Titration of Ascorbic Acid with Iodine and Chlorine.—0-1000 G. of ascorbic acid, dissolved 
in water, required 11-4 c.c. of neutral N/10-iodine to complete the first stage of the oxidation 
(calc., 11-4.c.c. for 2 atomic proportions of iodine). After this no more iodine was taken up. The 
solution, which showed [«] 573) + 56° (calc. on concentration of ascorbic acid), was then strongly 
acid and required, when titrated immediately, 12 c.c. of N/10-sodium hydroxide to restore 
neutrality. Since 2 mols. of hydrogen iodide are liberated during the oxidation (see below), 
11-4 c.c. of N/10-alkali were required for the hydriodic acid and 0-6 c.c. for the organic acid. 
The end-point was indefinite and the titration proceeded as for a lactone until in all 17 c.c. of 
alkali were added (calc. for 2 mols. HI + 1 mol. of a monobasic organic acid, 17-0 c.c.). The 
end-point was now sharp and any further addition of alkali produced a yellow colour. No 
oxalic acid was formed during this stage of the oxidation. At the neutral point the rotation 
was [a]5799 — 26°. The oxidation was continued with iodine in alkaline solution. An excess 
of iodine and sodium hydroxide was added and the solution was kept for 15 minutes at room 
temperature. An excess of acid was then added, and the remaining iodine titrated with thio- 
sulphate. The iodine used in the second stage of the oxidation was 11-6 c.c. (calc., 11-4 c.c. for 
2 atomic proportions). Titration of the excess of acid showed that for the second stage of the 
oxidation 22-8 c.c. of N/10-alkali were required. Now the 11-6c.c. of iodine utilised as an oxidis- 
ing agent account for 11-6 c.c. of alkali, leaving 11-2 c.c. of alkali utilised in neutralising the 
carboxyl groups produced during the oxidation (calc. for two CO,H groups, 11-4 c.c.). These 
two groups are additional to the one present as a lactone in the newly formed first oxidation 
product. At the end of the titration the amount of oxalic acid present in solution was estimated 
in the usual way as calcium oxalate (yield, 95% of the theoretical quantity for 1 mol. of oxalic 
acid). Exhaustive blank experiments at each stage of the above procedure proved that there 
were no interfering factors. The above results are in exact accord with the view that the first 
oxidation product is a 2 : 3-diketohexonic acid which is oxidised to oxalic acid and trihydroxy- 
butyric acid. The isolation and characterisation of the latter substance are described below. 
Precisely similar results were obtained when chlorine water, followed by alkaline hypochlorite, 
was used as oxidising agent. 

In another experiment the hydriodic acid formed during the titration with iodine was 
eliminated by carrying out the titration in the presence of an excess of calcium carbonate (0-100 g. 
of substance required 11-4 c.c. of N/10-iodine. Calc., 11-4 .c.c.). We established also that the 
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titration may be carried out in the presence of an excess of citric acid without alteration of the 
end-point. An estimation was also made of the quantity of hydriodic acid liberated during the 
titration. Ascorbic acid (0-0737 g.) was dissolved in water and titrated with an alcoholic solution 
of iodine (8-0 c.c. of 0-1022 N-iodine. Calc., 8-2 .c.c.). The presence of water is essential. A 
slight excess of aqueous silver nitrate was then added to the cold solution. It was easy to filter 
off the precipitated silver iodide before any interaction took place between the oxidation product 
and the silver nitrate (Found: 0-2016 g. AgI. Calc. for 2 mols. HI: AgI, 0-1920 g.). 

When aqueous solutions of ascorbic acid were titrated with potassium permanganate the 
reagent was decolorised almost instantaneously until the equivalent of about 1-3 atoms of 
oxygen had been added. A slower reaction followed, which ended somewhat indefinitely when 
permanganate equivalent to 20 had been used up. Thereafter the reaction proceeded still 
more slowly without definite end-point. The arrest at the point corresponding to 1-20 is 
caused by slight overlapping of the first and the second stage of the oxidation, the primary 
oxidation product being readily attacked by permanganate. Oxalic acid and carbon dioxide 
were detected as oxidation products. 


Fic. 1. Fic. 2. 














l 1 0 | 
240 280 320 200 240 
Wa ve-length, me. 


Fic. 1.—I. Ascorbic acid or its sodium salt in water (2 mg. per 100 c.c.); = lcm. II. Ascorbic 
acid in alcohol or acid aqueous solution (2 mg. per 100 c.c.); 1= 1 cm. III. Dimethyl ascorbic acid in 
alcohol (2°5 mg. per 100 c.c.); 1 = 1 cm. 

Fic. 2.—IV. Oxidation solution of ascorbic acid immediately after preparation (330 mg. per 100 c.c.) ; 
Z=1lcm. V. Oxidation solution of ascorbic acid at equilibrium (330 mg. per 100 c.c.); 1 = 1 cm. 














0 L 
200 320 350 


280 
Wave-/ength, me. 


Absorption Spectrum of Ascorbic Acid.—The observations were obtained by use of a Hilger 
sector photometer and a Hilger quartz spectrograph. For most of the work cells of 1 cm. 
length were employed. In aqueous solution ascorbic acid is characterised by a single very 
intense band with its head at 260—265 mu. The molecular extinction coefficient is approxi- 
mately 7000 for solutions containing about 2 mg. per 100 c.c. In stronger solutions (ca. 50 mg. 
per 100 c.c.) wide deviations from Beer’s law are encountered. But for concentrations ranging 
between 0-5 and 2-5 mg. per 100 c.c. Beer’s law holds with sufficient exactitude to permit 
of the use of spectrophotometric measurements for quantitative estimations of concentration. 
The intensity of the band diminishes rapidly, falling to half value in a few hours (decomposition 
of ascorbic acid by oxidation). 

The band is much more persistent in acidified aqueous solutions (bg <3). The head is then 
at A 245 my (ce approx. 7500 for c 0-002%). In ethyl alcohol it occurs at 4 245 my (e approx. 
7500, for c 0-002%). In methyl alcohol the head of the band is at 4 263 my (e 7500 for c 0-002%). 
In this solvent concentrated solutions show wide divergences from Beer’s law; e.g., at A 280 
my ¢ is 800 for solutions with c 0-02%, 2000 for c 0-005%, and 4400 for c 0-002%. The sodium 
salt of ascorbic acid shows in aqueous solution a band at 4 265 muy, the character of which, 
including intensity, is exactly similar to that of ascorbic acid in water. 

These absorption bands closely resemble those shown by acetylpyruvic acid (¢93,m* Pt ** 
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4000 in water) and dihydroxymaleic acid (e7Z3°% ""'°* 6700 in water). Similar but weaker 
bands are shown by levulic acid in water (e748 P°* 1 °* 24), glucosone in alkali (e4 }7)'™® Pe ** 13), 
and acetone in alcohol (e7345 * ?*!”** 15). Selective absorption is not shown by ordinary sugars 
and sugar derivatives, cither of the pyranose or the furanose type, neither is it displayed by 
hexuronic acids, e.g., galacturonic acid, glycuronic acid, nor by 2-ketogluconic acid. Such 
substances are highly transparent in solution and display only weak continuous absorption in 
the ultra-violet, with ¢ less than 5 at 4 260 mp. Details of these observations will be given in a 
separate communication. 

Properties of the First Oxidation Product of Ascorbic Acid.—The newly formed first oxid- 
ation product has [«] 235 + 56°. This value diminishes when the solution is kept. [a] 529 + 46° 
(2 hrs.); 38° (4 hrs.); 30° (6 hrs.); 25° (8 hrs.); 21° (10 hrs.); 6° (20 hrs.); + 0° (28 hrs.); 
— 3° (40 hrs.); — 6° (70 hrs., constant value). These observations were made in the presence 
of the mineral acid formed during the oxidation. When this mineral acid was exactly neutral- 
ised, the mutarotation followed a similar course but at a much slower speed. [a]5.9 + 56° 


Tic. 3. Fic. 4. 
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Fic. 3.—VI. Oxidation solution of ascorbic acid made alkaline (23:3 mg. per 100 c.c.); 1 = 1 cm. 
Oxidation solution of ascorbic acid made alkaline and immediately acidified (14 mg. per 100 c.c.) ; 


1= 1 cm. 
Fic. 4.—VIII. Dihydvroxymaleic acid in alcohol (1°8 mg. per 100 c.c.); = 1 cm. IX. Methyl 


dimethoxymaleate in alcohol (2-7 mg. per 100 c.c.); 1 = 1 cm. 
(initial value); 44° (10 hrs.); 38° (20 hrs.); 32° (30 hrs.); 27° (40 hrs.); 19° (60 hrs.); 13° 


(80 hrs.); 8° (100 hrs.); + 0° (140 hrs.); — 4° (170 hrs.); — 7° (200 hrs.); — 9° (250 hrs.) ; 
— 12° (300 hrs., constant value). The equilibrium solutions can be preserved indefinitely 
without change in properties. Simultaneously with the decrease in rotation there occurs an 
increase in the acidity of the solution. At the equilibrium position titration with alkali shows 
that about 85% of the organic material exists as free acid and only about 15% as lactone. For 
0-1000 g. of ascorbic acid a total of 5-6 c.c. of N/10-alkali was required for the organic acid, and 
of this 4-8 c.c. were used immediately (free acid) and the remainder slowly (lactone). When the 
titration is carried out quickly on a freshly oxidised solution, only a negligible proportion of the 
organic substance is titrated as free acid. The equilibrium solution contains no oxalic acid. 
The rotation of the sodium salt of the oxidation product depends markedly on the py value 
of the solution. For example, when 1-5 c.c. of N/10-sodium hydroxide were added to a neutral 
solution (5 c.c.) of the oxidation product from 0-017 g. of ascorbic acid the rotation changed 
immediately from — 26° to — 100°. This value is probably not the maximum, since rapid 
mutarotation was observed. [a]s7g9 — 93° (1 min. after addition); — 69° (5 mins.); — 56° 
(7 mins.); — 46° (10 mins.); — 41° (12 mins.); — 36° (14 mins.); — 32° (16 mins.); — 29° 
(18 mins.) ; — 26° (20 mins.); — 24° (26 mins., constant for a few minutes). At this stage no 
oxalic acid was present in the solution. After acidification the rotation was — 22° and remained 
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constant indefinitely. When this solution, the alkaline solution with [a];2.9 — 100°, either of 
the equilibrium solutions mentioned above ([«]57g9 — 6° and — 12° respectively), or the neutral 
sodium salt of the oxidised substance was treated with phenylhydrazine in acetic acid, in every 
case the same yellow phenylhydrazine derivative, m. p. 210°, was obtained in good yield (see 
below for details concerning phenylhydrazine derivatives). An entirely different orange 
phenylhydrazine derivative, m. p. 216°, is given by the newly formed oxidised ascorbic acid. 

Alkaline solutions of oxidised ascorbic acid decompose in the presence of oxygen with form- 
ation of oxalic acid and other products. For this reason the observations recorded above for 
alkaline solutions were carried out in an inert atmosphere, but slow decomposition of the oxid- 
ation product, again with formation of oxalic acid, took place even under these conditions. 

Solutions of oxidised ascorbic acid which had been made slightly alkaline and then acidified 
always took up iodine corresponding to about 5% of the total quantity of ascorbic acid submitted 
to oxidation. 

Corresponding with these changes there occur changes in the absorption spectrum of the 
oxidised ascorbic acid. On account of the transparency of chlorides in solution all spectro- 
photometric work on the oxidised substance was carried out after oxidation by chlorine. The 
newly formed oxidation product displays no selective absorption and is remarkably transparent 
in the ultra-violet region even when examined in concentrated solution, general absorption 
commencing at A 240 my with solutions containing 300 mg. per 100 c.c. (/, 1cm.). No trace of 
the intense band due to ascorbic acid is present. As the solution of the oxidised substance 
approaches the equilibrium condition, a weak band at 4 290 mu makes its appearance, reaching 
its maximum intensity when the mutarotation has ceased and the solution has reached equi- 
librium (see Fig. 2). The condition of the oxidised substance can be judged equally well by 
absorption measurements, rotation measurements or by titration of the free acid present. 

The slightly alkaline solutions of the oxidised substance display two moderately intense 
bands with heads at 4 265 my and A 340 my respectively (see Fig. 3). On acidification of the 
solution these bands move to 4 245 my and 4295 mu. A band at 4 245 my having the same 
intensity would be given by an amount of ascorbic acid equal to 5% of that submitted to oxid- 
ation. In the alkaline solution the band at A 265 muy is fleeting and disappears as decomposition 
sets in. The band at A 245 muy is persistent in acid solution. 

After oxidation of ascorbic acid by chlorine water the product gave only a trace of furfur- 
aldehyde when heated with 12% hydrochloric acid. 

Regeneration of Ascorbic Acid from the Oxidised Substance.—(a) From freshly oxidised ascorbic 
acid: Ascorbic acid (0-176 g.) was oxidised in aqueous solution by addition of an alcoholic 
solution of iodine (0-254 g.). The colourless solution was then evaporated to dryness in a vacuum 
at room temperature. Separation of iodine commenced when the solution had evaporated 
toathicksyrup. The solid mixture of crystalline ascorbic acid and iodine was placed in a current 
of air. The iodine soon disappeared by sublimation, leaving ascorbic acid as a cream-coloured 
powder identical in all respects with an authentic sample (yield, quantitative). The crude 
material before recrystallisation had m. p. 180° and iodine titration and spectrophotometric 
examination showed that it was at least 90% pure. 

With freshly oxidised material the reduction may be carried out also by hydrogen sulphide. 
In this case it is possible to follow the reaction spectrophotometrically. Ascorbic acid was 
oxidised by the calculated quantity of chlorine water. A photometric test showed that no 
trace of the ascorbic acid band remained. Hydrogen sulphide was then passed through the 
solution for 15 minutes. The dissolved sulphide was removed by addition of the minimum 
quantity of lead acetate, and the lead removed by addition of a little oxalic acid. A portion 
of the solution appropriately diluted showed the ascorbic acid band at 1245 mu. The yield 
of regenerated ascorbic acid calculated from the spectrophotometric observations was 90—95% 
of the theoretical. The iodometric titration value was in exact agreement with this. 

(b) From the equilibrium solution of the oxidised product: In this case hydrogen sulphide 
was ineffective. The maximum yield of regenerated product, when the experiment was carried 
out as previously described, was 6%. The reduction may still be carried out by hydriodic acid. 
The procedure was exactly as given above except that the solution containing the oxidised 
product was allowed to reach equilibrium before the evaporation was commenced. An alcoholic 
iodine solution was used as oxidising agent and the solution finally obtained contained 15% 
of alcohol by volume ([«]p + 60°). The presence of the alcohol greatly retarded the mutarota- 
tion, equilibrium ({a]) — 6°) being reached in about 200 hours. Reduction of the oxidation 
product and separation of iodine took place as before, with the exception that in this case 
some brown amorphous by-product accompanied the regenerated ascorbic acid. The yield 
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of the latter judged by (a) iodometric titration, (b) spectrophotometric examination, 
(c) quantitative X-ray examination—all carried out on the crude product—was 75—80%. 
One recrystallisation from acetone gave pure ascorbic acid. 

Phenylhydrazine Derivatives.—l. Derivatives obtained from ascorbic acid. (a) With phenyl- 
hydrazine : An aqueous solution of ascorbic acid was heated for 30 minutes at 90° with phenyl- 
hydrazine (3 mols.) until the solution became red. The water-bath was then allowed to cool 
slowly. The product separated as deep red needles, which when washed with dilute acetic acid, 
water, and dried in a vacuum had m. p. 187° (decomp.). It was insoluble in water, moderately 
easily soluble in dilute aqueous sodium hydroxide, giving an orange solution from which the 
original osazone was precipitated on acidification (Found : C, 60-8; H, 5-6; N, 15-7. C,g,HO,N, 
requires C, 60-7; H, 5-6; N, 15-7%. C,gH,,0O,N, requires C, 61-0; H, 5-1; N, 15-8%). 

If the red solution mentioned above is cooled rapidly, the product obtained is mainly 
amorphous, m. p. 204° (decomp.), but has the same elementary composition (Found: C, 60-8; 
H, 5-6; N, 15-7%). 

(b) With p-nitrophenylhydrazine : The procedure was the same as in (a) and the crystalline 
product obtained was bright red, m. p. 259° (decomp.). M. p. 262° (decomp.) after recrystallis- 
ation from alcohol (Found: C, 48-3; H, 4:2; N, 18-8. C,,H,,0O,N, requires C, 48-4; H, 4-0; 
N, 188%. C,gH,,O,N, requires C, 48-6; H, 3-6; N, 18-9%). 

(c) With p-bromophenylhydrazine: The crystalline compound obtained was dark red, 
m. p. 170° (decomp.) (Found: C, 42-3; H, 3-4; N, 10-4. Calc. for C,,H,,0,N,Br,: C, 42-05; 
H, 3-5; N,10-9%. Calc. for C,,H,,O,N,Br, : C, 42-2; H, 3-1; N, 10-9%). This substance was 
also obtained as a monohydrate. 

(d) With 2: 4-dinitrophenylhydrazine: A methyl-alcoholic solution of ascorbic acid was 
boiled for 3 hours with a slight excess of 2: 4-dinitrophenylhydrazine. When the dark red 
solution was cooled, brownish-red needles separated, m. p. 282° (decomp.) (Found: C, 40-45; 
H, 2-8; N, 21-4. Calc. for C},H,,0,,.N,: C, 40-3; H, 3-0; N, 20-9%. Calc. for C,,H,,0,.N,: 
C, 40-4; H, 2-6; N, 21-0%). 

Il. Derivatives obtained from oxidised ascorbic acid. (a) With phenylhydrazine: (i) Ascorbic * 
acid was dissolved in water and oxidised with N/10-iodine. The solution was made slightly 
alkaline with N/10-sodium hydroxide and then immediately acidified with acetic acid. It was 
warmed for 15 minutes at 70° with a slight excess of phenylhydrazine in acetic acid. An orange- 
yellow precipitate separated. This was washed with dilute acetic acid and water and dried in a 
vacuum. M. p. 187° (decomp.). After recrystallisation from absolute alcohol it was obtained 
as yellow needles, m. p. 210° (decomp.) (Found: C, 60-9; H, 5-4; N, 15-6%). 

(ii) Ascorbic acid was oxidised with iodine in aqueous solution. A slight excess of phenyl- 
hydrazine in acetic acid was added immediately. The solution was warmed for 15 minutes at 
70°. A light red compound separated which after recrystallisation from alcohol gave orange 
silky needles, m. p. 216° (decomp.) (Found: C, 60-8; H, 5-1; N, 15-7%). 

(b) With p-nitrophenylhydrazine : (i) An oxidised solution of ascorbic acid was used which 
had been rendered slightly alkaline and then immediately acidified with acetic acid. The 
product obtained was light red, m. p. 255° (decomp.). Recrystallisation from alcohol—acetone 
gave light red needles, m. p. 260° (decomp.) (Found: C, 48-5; H, 4-4; N, 18-8%). 

(ii) A solution of freshly oxidised ascorbic acid was used. The mineral acid was not removed. 
The product on recrystallisation from alcohol formed yellow needles, m. p. 246° (decomp.) 
(Found: C, 48-2; H, 3-9; N, 17-8%). 

(c) With p-bromophenylhydrazine : (i) The compound obtained after neutralisation of the 
oxidised ascorbic acid was yellowish-red, darkened at 160°, and melted at 220° (decomp.) 
(Found: C, 40-6; H, 3-7; N, 10-5. Calc. for C,,H,,O,N,Br,,H,O: C, 40-7; H, 3-4; N, 
10-6%). 

(ii) When freshly oxidised ascorbic acid was used, a bright red compound was isolated 
which after recrystallisation from alcohol gave yellow needles, m. p. 208° (decomp.) (Found : 
C, 42-3; H, 3-5; N, 8-15%). Repetition of the nitrogen estimation gave N, 8-1%. This 
substance and also the corresponding derivative with p-nitrophenylhydrazine gave values for 
the nitrogen content which are abnormal when compared with those given by the other 
derivatives. 

(d) With 2 : 4-dinitrophenylhydrazine : (i) An aqueous solution of ascorbic acid was oxidised 
with iodine. The solution was made slightly alkaline with sodium hydroxide and immediately 
acidified with hydrochloric acid. A slight excess of 2: 4-dinitrophenylhydrazine in 2N-hydro- 
chloric acid was added, and the solution warmed for 30 minutes at 70°. A light red compound 
was obtained, m. p. 268° (decomp.) (Found: C, 40-4; H, 2-95; N, 20-7%). 
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(ii) Ascorbic acid was oxidised with iodine in aqueous solution, and the product treated 
immediately with 2: 4-dinitrophenylhydrazine in 2N-hydrochloric acid. The mixture was 
warmed for 30 minutes at 70°. The product, recrystallised from alcohol—acetone, had m. p. 
280° (decomp.) (Found: C, 40-95; H, 2-7; N, 20-4%). 

The above derivatives can be obtained with equal facility after oxidation of ascorbic acid by 
chlorine water. 

0-Tolylenediamine and Ascorbic Acid.—Ascorbic acid was treated with o-tolylenediamine 
(2 mols.) in aqueous solution. The mixture was warmed at 40° for 10 minutes and then kept at 
room temperature. After 4 days a yellow precipitate formed. This separated from aqueous 
solution as a yellow amorphous powder which after recrystallisation from aqueous alcohol was 
obtained as pale yellow needles, darkening at 110°, m. p. 115° (decomp.) (Found: C, 59-4; H, 
6-2; N, 12-7%). 

Oxidation of Ascorbic Acid by Potassium Permanganate. Isolation of Methyl Trimethyl 
Threonate.—I. Oxidation. Ascorbic acid (6 g.) (from paprica) was dissolved in water (60 c.c.). 
5N-Sulphuric acid (30 c.c.) was added, and a normal aqueous solution of potassium perman- 
ganate slowly added at room temperature. The oxidation was instantaneous until the equi- 
valent of about one and half atoms of oxygen had been added, after which the reaction proceeded 
more slowly. More sulphuric acid was now added and oxidation continued. After the addition 
of the equivalent of two atoms of oxygen the reaction was slow and evolution of carbon dioxide 
took place as the permanganate solution was added. Some manganese dioxide was deposited, 
but disappeared on shaking, the solution becoming colourless. In all 205 c.c. of N-potassium 
permanganate (equivalent to 3 atoms of oxygen) and 40 c.c. of 5N-sulphuric acid were used. 

The solution was now left over-night, the clear liquid made alkaline by addition of con- 
centrated aqueous potassium hydroxide, and the precipitated manganese hydroxide filtered off 
after treatment with charcoal. The brown liquid was concentrated in a vacuum at 40° to. 
30 c.c., and the potassium sulphate which crystallised was filtered off. The alkaline solution 
was now non-reducing. 

II, Methylation of the product. After the addition of a little acetone this solution was 
methylated in the usual manner by 50% aqueous potassium hydroxide (95 c.c.) and methyl 
sulphate (57 c.c.). The solution was cooled over-night and, after removal of the precipitated 
potassium sulphate, acidified with hydrochloric acid. After concentration and filtration methyl 
alcohol was added, and the solution concentrated under diminished pressure at 40°. This 
operation was repeated several times, the precipitated inorganic salts being filtered off from time 
to time. Finally a yellow syrup containing much inorganic material was obtained. 

The syrup was boiled for 4 hours with 3% methyl-alcoholic hydrogen chloride and neutralised 
(silver carbonate). On evaporation a yellow syrup contaminated with inorganic matter was 
obtained. Extraction with warm chloroform and evaporation of the solvent gave a mobile 
syrup (3-0 g.), ni" 1-4460. On fractional distillation this gave (a) 0-64 g., b. p. 125°/25 mm. 
(bath temp.), j}?° 1-4332, [«]}§, + 25° in methyl alcohol (c, 3-6) (Found: C, 47:3; H, 7-9; 
CO,Me, 35%); (b) 0-87 g., b. p. 140—145°/25 mm. (bath temp.), 7/3" 1-4386. The remainder 
(1-4 g.) was incompletely methylated and did not distil. This distillation results in loss of yield, 
but is necessary to remove all inorganic matter from the partly methylated ester, which requires 
further methylation. Previous experience had shown us that the above sequence of operations 
results in the formation of potassium methyl] sulphate during the esterification and if this is not 
removed serious complications are encountered later on owing to its transformation into methyl 
sulphate. Fractions (a) and (b) were combined and remethylated with methyl iodide and silver 
oxide. The product gave on distillation methyl trimethyl |-threonate as a colourless mobile liquid 
(1-11 g.), b. p. 120°/13 mm, (bath temp.), 3° 1-4275, [a]}§,, + 49° in methyl alcohol (c, 2-9), 
+ 31° in water (c, 1-3), d!* 1-090 (Found : C, 49-9; H, 8-4; OMe, 63-4; CO,Me, 32-4. C,H,,0; 
requires C, 50-0; H, 8-3; OMe, 64-6; CO,Me, 30-8%). 

Methy] trimethyl /-threonate (0-1 g.) was dissolved in dry methyl alcohol (3 c.c.) saturated 
with ammonia at 0°. After 24 hours at 15° the solvent was evaporated in a desiccator, leaving 
a colourless syrup which soon crystallised. Recrystallisation from light petroleum (b. p. 40— 
60°) gave trimethyl 1-threonamide as shining colourless hexagonal plates (yield, almost quanti- 
tative), m. p. 78°. [a], + 44° in water (c, 1-0), + 68° in methyl alcohol (c, 0-8). A mixed 
m. p. with trimethyl d-erythronamide, m. p. 57°, showed a large depression (Found: C, 47-7; 
H, 8-5; N, 8-2; OMe, 50-8; M, by X-ray analysis, 177. C,H,,O,N requires C, 47-5; H, 8-5; 
N, 7:9; OMe, 52:5%; M, 175). 

Oxidation of Ascorbic Acid from Adrenal Glands.—A specimen of ascorbic acid from suprarenal 
glands (specimen b; see first paragraph) was oxidised with gaseous oxygen in faintly alkaline 














The Constitution of Ascorbic Acid. 1285 


solution with a trace of copper as catalyst until one extra carboxyl group per molecule of ascorbic 
acid had been formed. The oxidation was completed by acid potassium permanganate (20) 
and the product, which was worked up as before, was identified in the form of trimethyl /-threon- 
amide, m. p. 78°, identical with the above. Mixed m. p. 78°. [«]}}’' + 67° in methyl alcohol 
(c, 0-3) (Found: C, 47-5; H, 8-9; N, 8-2; OMe, 52-6%). 

Oxidation of Ascorbic Acid by Iodine and Alkaline Hypoiodite-—To a solution of ascorbic 
acid (6 g.) in water (30 c.c.), 100 c.c. of an iodine solution (19 g. of crystalline iodine and 16 g. 
of potassium iodide in 200 c.c. of water) were added until a permanent brown colour was obtained. 
More iodine solution (20 c.c.) was added, followed by 20% potassium hydroxide solution (10— 
15 c.c.) until the brown colour was almost discharged. Alternate additions of the reagents were 
continued in such a way that a slight excess of iodine over alkali always prevailed, so that the 
last addition of alkali (making 80 c.c. in all) produced a colourless solution. The mixture was 
maintained at 0° and after 45 minutes it was cautiously acidified with 5N-sulphuric acid, the 
excess of iodine being removed by sulphur dioxide. The amount of iodoform produced was 
negligible. 

Isolation and esterification of the oxidation products. Aeration removed sulphur dioxide and 
the solution was made neutral with silver carbonate. Shaking with silver sulphate (60 g.) for 
3 hours removed all iodides and oxalates, and the liquid was filtered, treated with a slight excess 
of potassium carbonate to remove silver sulphate, again filtered, and concentrated to 120 c.c. 
at 40°/20 mm. The potassium sulphate which separated was removed, and the filtrate and 
washings were united and treated with methyl sulphate (60 c.c.) and 40% potassium hydroxide 
solution (144 c.c.) in ten portions during 90 minutes, the methylation being conducted in the 
presence of acetone at 50°. The alkaline solution was cooled and neutralised with 5N-sulphuric 
acid, potassium sulphate removed, and the solution concentrated to 200 c.c. Sulphuric acid 
was then added until the solution was definitely acid, followed by an equal bulk of methyl 
alcohol. After standing, the inorganic salt was removed and the acid solution concentrated at 
35°/20 mm. to 200c.c. By neutralisation with barium carbonate, filtration and concentration 
the partly methylated organic acids were obtained as barium salts mixed with potassium ° 
sulphate. This solution was treated with a slight excess of sulphuric acid, filtered, and con- 
centrated, the residue being extracted repeatedly with warm ethyl alcohol. The extract was 
concentrated and neutralised in aqueous solution with barium carbonate, filtered, and treated 
with a slight deficiency of sulphuric acid so that some barium salt remained undecomposed. 
After centrifuging, the solution was taken to dryness under diminished pressure and the residue 
dried. 

Esterification and methylation. The mixture of organic acid and barium salts so obtained 
was treated with 2}% methyl-alcoholic hydrogen chloride during 6 hours at 70°. The acid was 
neutralised with silver carbonate, and the alcohol removed. The syrupy esters were incom- 
pletely soluble in methyl] iodide, therefore two methylations with silver oxide and methyl iodide 
were conducted in the presence of methyl] alcohol at 45° for 5 hours. The product was isolated 
in the usual way and a third methylation followed, methyl iodide and silver oxide alone being 
used. A mobile syrup (2-1 g.) was isolated which was subjected to fractional distillation : (A) 
0-3 g., b. p. 120—130°/15 mm., u}3° 1-4252; (B) 1-1 g., b. p. 1830—140°/15 mm., xj" 1-4291; 
(C) 0-2 g., b. p. 140—145°/15 mm., ni5° 1-4325; (D) 0-1 g., b. p. 145—170°/16 mm., n}}" 1-4370; 
residue 0-4 g. (all temperatures are bath-temperatures). Fraction B, being incompletely 
methylated, was subjected to a further two Purdie methylations, followed by distillation at 
135°/15 mm. to give a mobile ester showing [«]}§,, + 49° (c, 1 in methyl alcohol), nj}° 1-4270 
(Found: C, 49-5; H, 7-9; OMe, 62-4. Calc. for C,H,,0;: C, 50-0; H, 8-3; OMe, 64-8%). 

Isolation of trimethoxy \-threonamide. ‘The syrup (0-3 g.) was treated with methyl-alcoholic 
ammonia at 0° for 2 days. On removal of solvent partial crystallisation set in, which was 
completed on the addition of ether. The crystals were removed, washed, and recrystallised 
from ethyl alcohol (0-02 g.). M. p. above 255° (decomp.) (Found: OMe, 36-4. Calc. for 
dimethoxysuccinamide : OMe, 35-2%). 

The ethereal extract crystallised in needles which on extraction with boiling light petroleum 
(b. p. 40—60°) gave the characteristic plates of trimethyl /-threonamide (0-06 g.), m. p. 75—76° 
alone or in admixture with an authentic specimen. [a]5;79 + 44° in water (c, 1) (Found: C, 
47-9; H, 8-4; OMe, 50-75. Calc. for C,H,,0,N : C, 47-5; H, 8-5; OMe, 52-5%). 

The Oxidation of Ascorbic Acid with Hypochlorite ; Conversion of the Oxidation Product into 
d-Tartaric Acid.—Ascorbic acid (10 g.) in water (50 c.c.) was oxidised by the addition of small 
portions of an alkaline hypochlorite solution (100 c.c. of 15% potassium hydroxide solution 
containing 8-4 g. of available chlorine) and alternately with 15% potassium hydroxide solution 
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(140 c.c.) so that a slight excess of chlorine was present over the theoretical quantity (7-8 g.). 
After the mixture had stood for 30 minutes at 15° and after acidification with sulphuric acid, a 
trace of sulphur dioxide was sufficient to remove the excess of chlorine. Treatment with silver 
carbonate, silver sulphate (30 g.), and potassium carbonate in the manner described in the first 
part yielded a solution containing the potassium salts of the oxidation products together with 
potassium sulphate, which was evaporated to dryness at 40°/15 mm. The powdered residue 
was treated with 5N-sulphuric acid (30 c.c.) and shaken with absolute alcohol (1 1.) for 2 hours. 
The residue was re-extracted in the same way after acidification, and the combined alcoholic 
filtrates were neutralised with barium hydroxide solution and allowed to stand. The clear 
filtrate was evaporated to dryness, forming a glass, the mixture of barium sulphate and insoluble 
barium salts was leached with hot water, and the solution of barium salts obtained was mixed with 
the residue from the alcoholic filtrates. Cautious addition of sulphuric acid followed until only 
a trace of barium remained in solution. Barium sulphate was removed and the solution was 
taken to dryness under diminished pressure (yield, 7 g.). 

Oxidation with nitric acid. (1) The thick syrup (3-7 g.) obtained by this treatment was 
oxidised with nitric acid (d 1-2; 8 c.c.) at 40—45° for 24 hours. The solution was diluted with 
water, and water was distilled off continuously for 3 hours. Methyl alcohol was then added and 
the solution concentrated to a syrup, which was esterified with 3% methyl-alcoholic hydrogen 
chloride (150 c.c.) for 6 hours at 70°. The esters were isolated after neutralisation with silver 
carbonate and two methylations with methyl iodide and silver oxide followed, to yield 3-35 g. 
of a mobile syrup. 

Fractional distillation of the esters. After heating at 100° for 3 hours at 15 mm. to remove 
methyl oxalate, the residue was distilled at 15 mm. 


Bathtemp. Yield, g. np. [a]5r0 in MeOH (c, 1). 
0-5 1-4180 —14° 
16 1:4339 +52 
1:4465 +31 


Fraction B was mainly methyl d-dimethoxysuccinate (Found: C, 47-1; H, 7-0; OMe, 56-3; 
CO,Me, 55:2%. Calc. for C,H,,0,: C, 46-6; H, 6-9; OMe, 60-2; CO,Me, 57-3%). 

Isolation of d-dimethoxysuccinamide. Fraction B (0-16 g.) was treated with ammonia in dry 
methyl alcohol. On standing over-night, large crystals separated (0-1 g.), [«]i%,, + 98° (c, 1) 
in water. M. p. 285—290° (decomp.), alone or in admixture with an authentic specimen. A 
second crop of small crystals had m. p. 285° (decomp.), [«]52g) + 89°. 

Isolation of d-dimethoxysuccinomethylamide, 0-1 G. of fraction B was treated in methyl 
alcohol (5 c.c.) with methylamine. On concentration feathery crystals of the methylamide 
separated, m. p. 206° alone or mixed with an authentic specimen prepared from d-dimethoxy- 
succinic ester. [a]!%, + 137° in water (c, 1), m. p. 190° mixed with an authentic sample of i-di- 
methoxysuccinomethylamide. 

Oxidation with nitric acid. (II) A syrup (3 g.) prepared as described by means of alkaline 
potassium hypochlorite was oxidised with nitric acid as before, esterified, methylated, and 
distilled at 15 mm, 

Bathtemp. Yield, g. nb . [a]3rs0 in MeOH (c, 1). 
100—135° 0°5 1°4200 + 3° 

0-3 1-4340 

0°6 1°4355 
All three fractions were treated with dry methyl-alcoholic ammonia. A gave oxamide, and 
d-dimethoxysuccinamide, m. p. 280° (decomp.); B gave d-dimethoxysuccinamide, m. p. 280° 
(decomp.); C gave d-dimethoxysuccinamide, [«]}§, + 97° in water (c, 1). The total yield of 
crystalline amide was 0-7 g. Repeated crystallisations after the first crop had been removed 
yielded no evidence of the presence of any inactive dimethoxysuccinamide. 

The Preparation of Dimethyl Ascorbic Acid.—Ascorbic acid (4 g.), dissolved in dry methyl 
alcohol (30 c.c.), was mixed with dry ether (30 c.c.) and treated at — 5° with diazomethane 
generated from nitrosomethylurethane (32 c.c.) and 25% methyl-alcoholic potassium hydroxide 
(48 c.c.). After being kept over-night, the yellow solution on concentration yielded a neutral 
syrup which ultimately crystallised. Dimethyl ascorbic acid was not oxidised by iodine in 
neutral or acid solution. It did not reduce Fehling’s solution except on prolonged boiling. 
[aio + 27° in water (c, 1-5) (Found: OMe, 31-0. Calc. for C,H,,0,: OMe, 30-4%). 

In alcohol and in water dimethyl ascorbic acid showed an intense absorption band with its 
head at 4 230 my (e 7000, for an ethyl-alcoholic solution; c, 2-5 mg. per 100 c.c.) (see Fig. 1). 
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Dimethyl ascorbic acid reacts very readily in the cold with N/10-sodium hydroxide, one equi- 
valent of alkali being used. The titration resembles that of an acid lactone and is complete 
in a few minutes at 15°. During the reaction the rotation changes from [«] 579 +- 27° to [«]s7g0 
— 12°. The same change takes place with hot aqueous sodium hydroxide and the product 
is not affected by continued heating at 90° in N/10-alkali. Concentrated alkali effects 
profound decomposition. The sodium salt does not display selective absorption in the ultra- 
violet region. On acidification of solutions of the sodium salt ([a]57g9 — 12°) the rotation 
remains negative ([«];7s9 — 6°, constant value). The sodium salt is produced without loss 
of either of the methoxyl groups of dimethyl ascorbic acid. A weighed quantity (about 
100 mg.) of dimethyl ascorbic acid was placed in a small distillation flask together with 
an excess of N/10-sodium hydroxide. The side limb of the flask entered a trap (to retain any 
liquid which might creep over) and the exit from the trap was a glass tube which led 
directly into the hydriodic acid in the bulb of a micro-Zeisel apparatus. A current of 
nitrogen was passed through the apparatus. The flask and trap were kept at 100° with all 
exposed parts well lagged to prevent undue condensation. The Zeisel apparatus was operated 
in the usual way. The amount of methyl alcohol which distilled over in the experiments with 
dimethyl ascorbic acid was negligible (Found : OMe < 2% : experiment continued for 3 hours). 
During control experiments with methyl dimethoxysuccinate, over 70% of the methyl alcohol 
liberated on hydrolysis of the ester groups collected in the Zeisel apparatus and was converted 
into methyl iodide within 2 hours. Confirmation of the above results was obtained by con- 
verting dimethyl ascorbic acid into the barium salt by treatment with hot barium hydroxide 
{Found : OMe, 19-3. [C,H,O,(OMe),],Ba requires OMe, 21-3%}. 

Dimethyl] ascorbic acid remained unaltered when heated for 30 minutes at 65° with N/10- 
sulphuric acid. When dimethyl ascorbic acid was heated in a sealed tube at 35° for 12 hours in 
methyl alcohol saturated with ammonia at 0°, the crystalline substance described by Micheel 
and Kraft (loc. cit.) was formed in small yield and separated on evaporation of most of the 
solvent. After recrystallisation from methyl alcohol it had m. p. 124°, [a]s2gg — 24° in 50%. 
aqueous methyl alcohol (c, 2-1), in agreement with Micheel and Kraft’s observations. We 
found, however, that this material gave analytical figures in agreement with the formula 
C,H,,0,N and not C,H,,0,N as reported by these authors. Their value for nitrogen is in exact 
agreement with ours and is much lower than the calculated value for their formula. The 
substance contains one molecule of combined methyl alcohol, which is lost at 100°. (The 
methyl alcohol eliminated by heating at 100° was swept forward by a current of carbon dioxide 
into a micro-Zeisel apparatus and weighed as silver iodide in the usual way. Found: MeOH, 
11-6. Calc. for C,H,,O,N,MeOH: MeOH, 12-6%.) The two methyl groups of dimethyl 
ascorbic acid are retained in the product, which is amidic in character, giving off ammonia on 
treatment with alkali and reacting as an amide with sodium hypochlorite. It does not show 
selective absorption in the ultra-violet region (observations carried as far as 200 my). It 
showed unexpected resistance to oxidation by ozone in aqueous acetic acid [Found: C, 42-7; 
H, 7-6; N (amidic) 5-7; OMe, 35-5. C,H,,O,N requires C, 42-7; H, 7:5; N, 5-5; OMe, 
36-7%]. 

Tetvamethyl Ascorbic Acid.—Dimethyl ascorbic acid (4-5 g.) was treated with silver oxide 
and methyl iodide in the presence of methyl alcohol at 45° for 5hours. Three such operations 
(no methyl alcohol being necessary for the last two) yielded on distillation at 150°/0-06 mm. 
a syrup (5-0 g.) having zjj* 1-4690. This syrup gave the correct analytical figures for 
tetramethyl ascorbic acid. [«]#,, 0° in water, + 2° in 30% methyl alcohol—-water (c, 6-0) ; 
+ 8° in 50% methyl alcohol—-water (c, 0-8) (Found: C, 51-9; H, 7-2; OMe, 53-1. Calc. for 
CyH,,0,: C, 51-7; H, 6-95; OMe, 53-4%). Tetramethyl ascorbic acid is much less stable 
towards alkali than the above dimethyl derivative. 

Other preparations were carried out in which the yield of the fully methylated product on 
distillation was not so high owing to the presence of a resinous residue, although it never fell 
below 50%. The distillates, however, appeared to be identical in all cases except for slight 
variations in the refractive index (njj° 1-4680—1-4690). This may be due to the existence of 
different enolic modifications. No trace of oxidation was observed during the methylation. 

The Ozonisation of Tetramethyl Ascorbic Acid.—(I) Preparation of a neutral ester. Tetra- 
methyl ascorbic acid (1-9 g.), dissolved in acetic acid (30 c.c.) and water (6 c.c.), was ozonised 
during 90 minutes. Removal of solvent was effected at 35—40°/20 mm., methyl alcohol 
being added in the later stages. A syrup was obtained, a small portion of which was 
purified for analysis by solution in chloroform and treatment with sodium bicarbonate solution 
(Found : C, 46-4; H, 6-4; OMe, 44-0. Calc. for C,gH,,O,: C, 45-5; H, 6-1; OMe, 46-2%). 
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Hydrolysis of the ester and esterification of the products. The syrup obtained from the previous 
experiment was dissolved in acetone (10 c.c.) and treated with 0-27N-barium hydroxide (120 c.c.). 
Barium oxalate was immediately precipitated, and removed after warming to 50° and standing 
for 45 minutes. The solution was then neutralised with N-sulphuric acid so that barium still 
remained in solution; the barium sulphate was removed in a centrifuge, and the solution taken 
to dryness at 50°/20 mm. The mixture of barium salt and organic acid was esterified during 
6 hours with 70 c.c. of 5% methyl-alcoholic hydrogen chloride. The esters were isolated 
after neutralisation with barium carbonate and extracted from the barium chloride residues with 
ether (1-2 g.) and fractionally distilled, giving (a) 0-75 g., b. p. 140—150°/20 mm. (bath temp.), 
nis" 1-4395, [«]2%,, + 6° in water (c, 1-0) (Found: C, 47-5; H, 8-0; OMe, 49-5; CO,Me, 35-5. 
Calc. for C,H,,0;: C, 47-2; H, 7-9; OMe, 52-2; CO,Me, 33-1%), and (b) 0-1 g., b. p. 150— 
180°/20 mm. (bath temp.), nj® 1-4540. Residue 0-3 g. By treatment of fraction (a) with 
methyl-alcoholic ammonia an amide was obtained which crystallised spontaneously on removal 
of the solvent and was readily recrystallised from ethyl acetate (or water), m. p. 113° and mixed 
with 2 : 4-dimethyl d-erythronamide (m. p. 106°), m. p. 85°. [«]? — 34° in water (c, 1) (Found : 
C, 44-4; H, 8-0; OMe, 36-1. Calc. for CsgH,,0,N: C, 44-2; H, 8-0; OMe, 38-0%). The 
amount of crystalline material was, however, not more than 15—20% of the total. After 
removal of the crystals the syrupy amide which constituted the bulk of the material had [«]?%, 
+ 29° in water (c, 4). 

0-025 G. of the above crystalline amide, dissolved in water (0-4 c.c.) and cooled in ice, was 
treated with 0-11 c.c. of the standard sodium hypochlorite solution described by Weerman 
(Rec. trav. chim., 1917, 36, 16). The hypochlorite disappeared more rapidly than in the case of 
gluconamide and when none remained saturated solutions of semicarbazide hydrochloride and 
sodium acetate were added. After one minute a copious precipitate of hydrazodicarbonamide 
came down which had m. p. 255° alone or admixed with an authentic specimen prepared from 
gluconamide. Control experiments with acetamide and gluconamide emphasised the accuracy 
of the observations. 

The syrup from which the crystals had been removed also gave a strong positive Weerman 
reaction, the yield of hydrazodicarbonamide being such that almost the whole of it must neces- 
sarily have been derived from the 3 : 4-dimethyl /-threonamide. 

(II). Tetramethy] ascorbic acid (4 g.) was ozonised for 2 hours in acetic acid (60 c.c.) and water 
(15 c.c.). The subsequent treatment was exactly as described under (I), the ozonisation product 
being hydrolysed with barium hydroxide and esterified. The amount of oxalate liberated was 
determined by titration and amounted to only two-thirds of the theoretical quantity (220 c.c. 
N/10-KMnO,). This may have been due to polymerisation during ozonisation or the presence 
of a different form of the tetramethyl compound due to enolisation. Fractional distillation of 
the esters gave: (a) 1-67 g., b. p. 140—160°/15 mm. (bath temp.), 7jj" 1-4400, [a]? + 5° in 
methyl alcohol (c, 2-0), — 4° in water (c, 1-0); (b) 0-9 g., b. p. 160—200°/15 mm. (bath temp.), 
n\;, 1-4730; residue 0-4 g. 

Isolation of 3: 4-dimethyl |-erythronamide. 0-6 G. of fraction (a) was treated with methyl- 
alcoholic ammonia. On remeval of the solvent partial crystallisation occurred and the amide 
described above, 3 : 4-dimethyl /-erythronamide, m. p. 112°, was isolated. The syrup remaining 
had [a]?,, + 25° and both the syrup and the crystalline material gave positive Weerman tests 
both by the isolation of hydrazodicarbonamide and benzaldehyde semicarbazone. 

Conversion of methyl 3: 4-dimethyl 1-threonate into trimethyl |-threonamide. The distillate 
[fraction (a) above] (1 g.) was methylated three times with methyl iodide and silver oxide and 
the resulting syrup was distilled, giving 0-8 g., b. p. 135—140°/20 mm. (bath temp.), jf" 1-4280, 
[«]i$so ++ 37° in methyl alcohol (c, 1-5) (Found : C, 49-5; H, 8-2; OMe, 61-8. Calc. for CgH,,9; : 
C, 50-0; H, 8-3; OMe, 64-6%). 

0-2 G. of this ester yielded on treatment with methyl-alcoholic ammonia the characteristic 
amide previously described (0-12 g.), m. p. 77° after one recrystallisation and mixed m. p. 
76—77° with an authentic specimen, [«]?,, + 44° in water (c, 1). (XVII) is therefore the 
main constituent of the degradation products. 

(111) Hydrolysis with ammonia, Tetramethyl ascorbic acid (1-5 g.) was ozonised in acetic 
acid (30 c.c.) and water (7 c.c.) during 24 hours. Solvent was removed at 40—50°/20 mm. and 
the syrup was dissolved in chloroform, the solution being washed with dilute sodium bicarbonate 
solution and water. Removal of chloroform yielded a syrup, which was treated with methy]l- 
alcoholic ammonia. Oxamide was precipitated almost immediately (0-27 g. or 54% of the 
theoretical). The solution was concentrated to a syrup having [a]? + 14° in water. Estim- 
ation of the amidic nitrogen indicated that 46% of amide was present, but no crystallisation was 
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observed. The syrup gave a positive Weerman test, the hydrazodicarbonamide isolated having 
m. p. 257°. 

The syrupy amide (0-9 g.) was heated with 8 c.c. of N-sodium hydroxide for 1 hour, the alkali 
neutralised with hydrochloric acid, and the neutral solution taken to dryness. The residue 
was esterified with 5% methyl-alcoholic hydrogen chloride (50 c.c.) for 6 hours, after which 
neutralisation with silver carbonate, filtration and concentration were followed by fractional 
distillation, giving (a) 0-2 g., b. p. 140—155°/25 mm. (bath temp.), 3° 1-4410, [a]? + 11° in 
methyl alcohol; (b) 0-05 g., b. p. 155—180°/25 mm. (bath temp.), ”}}° 1-4500, [«]2#3, + 7° in 
methyl alcohol; residue 0-4 g. 

On treatment with methyl-alcoholic ammonia fraction (a) gave an amide, [«]?, + 11°, 
which crystallised partly on nucleation with 3 : 4-dimethyl /-erythronamide, the crystals having 
m. p. 113°. 

The results obtained by this method therefore are similar to those obtained by methods 
(I) and (II). 

The yield of oxamide produced in duplicate experiments varied from 90 to 50% in the same 
way as the yield of barium oxalate varied when barium hydroxide was employed to hydrolyse 
the neutral ester. It is only possible to account for these variations by supposing that different 
varieties of the tautomeric forms possible by enolisation are present in the fully methylated 
derivative. 

A trimethyl] derivative of ascorbic acid can be prepared by methylation with methyl sulphate 
and alkali in an atmosphere of nitrogen. This substance is markedly different from the neutral 
dimethyl derivative prepared by the action of diazomethane, since the trimethyl derivative is 
definitely acidic in character. 

Properties of Acetylpyruvic Acid.—This substance was prepared by Claisen and Stylos’ 
method (Ber., 1887, 20, 2188). It did not react with iodine in aqueous acid solution and in 
alkaline solution it hydrolysed rapidly, giving oxalic acid and acetone (contrast with ascorbic 
acid). Inaqueous solution it gives a strong absorption band at 4 285 my; e« 4000 (c, 2 mg. per 
100 c.c.). 

Properties of Dihydroxymaleic Acid.—In aqueous solution dihydroxymaleic acid has a strong 
band at A 290 mu, « = 6700 (c, 2-4 mg. per 100 c.c.) and at 4 300 my in alcohol, ¢ 7500 
(c, 1:8 mg. per 100 c.c.). The substance reacts with aqueous iodine (2 atomic proportions), 
giving dihydroxytartaric acid, 2 mols. of hydrogen iodide being liberated in the process (0-092 g. 
required 9-8 c.c. of N/10-iodine, and 10 c.c. of N/10-NaOH were required to neutralise the 
hydriodic acid liberated. Calc. for CyH,O,,2H,O: 10 c.c. of iodine and 10 c.c. of 
NaOH). The same oxidation can be carried out with chlorine water. Spectrophotometric 
examination of the oxidised solution showed that the band had disappeared entirely, the 
product showing no selective absorption (compare ascorbic acid). When the solution (after 
oxidation with iodine) was evaporated to dryness in a vacuum desiccator, reduction took 
place with liberation of iodine. The iodine was removed by sublimation in a current of air. 
The product (yield, quantitative) had all the properties of the original dihydroxymaleic acid. 
Alcoholic iodine solutions have no action on dihydroxymaleic acid in the absence of water. 
Anhydrous dihydroxymaleic acid reacted rapidly with diazomethane in ether containing some 
methyl alcohol, giving methyl dihydroxymaleate, which reacted more slowly, giving the enolic 
dimethyl ether (Found: OMe, 53-3%, after one treatment with diazomethane). Methyl 
dihydroxymaleate (prepared by Fenton’s method, J., 1894, 65, 905) reacted with aqueous 
iodine in the same manner as the free acid. The fully methylated substance was most conveni- 
ently obtained by one treatment of the acid with diazomethane, followed by methylation with 
silver oxide and methy] iodide. 

Methyl dimethoxymaleate was a mobile liquid, b. p. 85°/0-03 mm., }}” 1-4525 (Found : OMe, 
58-0. C,H,,0O, requires OMe, 60-8%). It did not react with neutral or acid iodine and had 
negligible reducing power even in alkaline solution. In alcoholic solution it showed an intense 
absorption band at A 255 muy, e 6000 (c, 2-7 mg. per 100 c.c.). 


The work now described was rendered possible by the kindness of Prof. A. Szent-Gyérgyi, 
who generously provided the ascorbic acid, and to him and his collaborator, Dr. Svirbely, we 
desire to express our thanks and appreciation. Some of the material was prepared in the 
Biochemical Laboratory of the University of Cambridge. Another supply came from the Mayo 
Clinic, Rochester, New York, and the remainder from the Medical Chemistry Department of 
the University of Szeged. It was by the wish of Prof. Szent-Gyérgyi that the chemical investig- 
ation of ascorbic acid was undertaken in Professor W. N. Haworth’s laboratories and we wish to 
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record our gratitude to Professor Haworth for providing facilities for the work and for his 


constant encouragement and continued interest in its progress. We are indebted also to Mr. 
E. G. Cox, whose crystallographic and X-ray investigations have been of the greatest assistance 
to us at various stages of the work. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, August 5th, 1933.) 





NOTE. 
The Nitration of Disulphonanilides. By F. Brett and R. ConHeEN. 


ALTHOUGH the di-m-nitrobenzenesulphonyl derivatives of aniline and o- and #-toluidine are 
unacted upon by concentrated nitric acid, yet with the fuming acid they undergo mono- 
nitration, The nitro-group enters the m- and the p-position in aniline, the 2 and 4 positions 
in o-toluidine, and the 2 position in p-toluidine (Me = 1). These results are comparable with 
those of Brady, Quick, and Welling (J., 1925, 127, 2264) from the nitration of the corresponding 
phthalanils. 

The following disulphonanilides were prepared by allowing the amine and m-nitrobenzene- 
sulphonyl chloride (2} mols.) to interact in pyridine solution for several days. The products 
were repeatedly boiled with acetic acid until all the more soluble sulphonanilide had been 
eliminated. Di-m-nitrobenzenesulphon-anilide, needles, m. p. 189° (Found: N, 9-0. 
C,gH4,30,N,S, requires N, 9-1%), -p-toluidide, m. p. 199° (Found: N, 8-7. C4 9H,;0O,N,S, 
requires N, 8-8%), and -o-toluidide, m. p. 226° (Found: N, 8-8%). 

Nitration of Di-m-nitrobenzenesulphonanilide.—10 G. were added slowly to fuming nitric 
acid (30 c.c.), and the resultant solution poured on ice. The precipitate (11 g.,m. p. 195—205°) 
could not be purified by boiling with acetic acid or by fractional precipitation from pyridine by 
means of ethyl alcohol. 5 G. were left with sulphuric acid for several hours and the mixture 
poured into water. The product on extraction with acetic acid left di-m-nitrobenzenesulphon- 
m’-nitroanilide, m. p. 235° (0-8 g.) (J., 1930, 1077), and m-nitrobenzenesulphon-?’-nitroanilide, 
m. p. 180° (J., 1929, 2788), was isolated from the filtrate. Both were identified by comparison 
with authentic specimens, and the former also by scission with warm piperidine, m-nitrobenzene- 
sulphonylpiperidine, m. p. 124°, and m-nitrobenzenesulphon-m’-nitroanilide, m. p. 151°, being 
obtained. 

Nitration of Di-m-nitrobenzenesulphon-p-toluidide.—3 G. were added to nitric acid (10 c.c.) 
and the solution poured on ice. The precipitate (3-3 g., m. p. ca. 205°) after boiling with acetic 
acid gave pure di-m-nitrobenzenesulphon-2'-nitro-p-toluidide, m. p. 208° (Found: N, 10:8. 
Cy9H gO y9N,S, requires N, 10-7%). It was left with sulphuric acid for several hours, and the 
clear solution poured into water. The precipitate after crystallisation from acetic acid formed 
prisms, m. p. 136°, alone or mixed with an authentic specimen of m-nitvobenzenesulphon-2'- 
nitvo-p-toluidide (Found: N, 12-6. C,3;H,,O,N,S requires N, 12-5%). 

Nitration of Di-m-nitrobenzenesulphon-o-toluidide.—3 G. as above gave a product readily 
separable by acetic acid into a less soluble, m. p. 221°, and a more soluble part, needles, m. p. 
ca, 95°, or after heating to remove acetic acid, m. p. 185°. The less soluble part on hydrolysis 
with sulphuric acid gave 4-nitro-o-toluidine; it must therefore be di-m-nitrobenzenesulphon- 
4'-nitro-o-toluidide (Found: N, 10-9%). The other, which was not identical with the already- 
described 3’- and 5’-nitro-compounds (J., 1930, 1077), must be di-m-nitrobenzenesulphon- 
6'-nitro-o-toluidide (Found: N, 10-9%). By solution in piperidine it was severed to give 
m-nitrobenzenesulphon-6'-nitro-o-toluidide (Found: N, 12-4%), which crystallised from acetic 
acid in needles, m. p. 148°.—BaTTERSEA POLYTECHNIC, S.W.11. ([Received, July 25th, 1933.] 
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observed. The syrup gave a positive Weerman test, the hydrazodicarbonamide isolated having 
m. p. 257°. 

The syrupy amide (0-9 g.) was heated with 8 c.c. of N-sodium hydroxide for 1 hour, the alkali 
neutralised with hydrochloric acid, and the neutral solution taken to dryness. The residue 
was esterified with 5% methyl-alcoholic hydrogen chloride (50 c.c.) for 6 hours, after which 
neutralisation with silver carbonate, filtration and concentration were followed by fractional 
distillation, giving (a) 0-2 g., b. p. 140—155°/25 mm. (bath temp.), /5° 1-4410, [a]? + 11° in 
methyl alcohol; (b) 0-05 g., b. p. 155—180°/25 mm. (bath temp.), }3" 1-4500, [a]33, + 7° in 
methyl alcohol; residue 0-4 g. 

On treatment with methyl-alcoholic ammonia fraction (a) gave an amide, [a]2e) + 11°, 
which crystallised partly on nucleation with 3 : 4-dimethy] /-erythronamide, the crystals having 
m. p. 113°. 

The results obtained by this method therefore are similar to those obtained by methods 
(I) and (II). 

The yield of oxamide produced in duplicate experiments varied from 90 to 50% in the same 
way as the yield of barium oxalate varied when barium hydroxide was employed to hydrolyse 
the neutral ester. It is only possible to account for these variations by supposing that different 
varieties of the tautomeric forms possible by enolisation are present in the fully methylated 
derivative. 

A trimethyl] derivative of ascorbic acid can be prepared by methylation with methyl] sulphate 
and alkali in an atmosphere of nitrogen. This substance is markedly different from the neutral 
dimethyl derivative prepared by the action of diazomethane, since the trimethyl derivative is 
definitely acidic in character. 

Properties of Acetylpyruvic Acid.—This substance was prepared by Claisen and Stylos’ 
method (Ber., 1887, 20, 2188). It did not react with iodine in aqueous acid solution and in 
alkaline solution it hydrolysed rapidly, giving oxalic acid and acetone (contrast with ascorbic 
acid). Inaqueous solution it gives a strong absorption band at A 285 my; ¢ 4000 (c, 2 mg. per — 
100 c.c.). 

Properties of Dihydroxymaleic Acid.—In aqueous solution dihydroxymaleic acid has a strong 
band at A 290 my, ¢ = 6700 (c, 2-4 mg. per 100 c.c.) and at A 300 my in alcohol, e 7500 
(c, 1-8 mg. per 100 c.c.). The substance reacts with aqueous iodine (2 atomic proportions), 
giving dihydroxytartaric acid, 2 mols. of hydrogen iodide being liberated in the process (0-092 g. 
required 9-8 c.c. of N/10-iodine, and 10 c.c. of N/10-NaOH were required to nevtralise the 
hydriodic acid liberated. Calc. for C,H,O,,22H,O: 10 c.c. of iodine and 10 c.c. of 
NaOH). The same oxidation can be carried out with chlorine water. Spectrophotometric 
examination of the oxidised solution showed that the band had disappeared entirely, the 
product showing no selective absorption (compare ascorbic acid). When the solution (after 
oxidation with iodine) was evaporated to dryness in a vacuum desiccator, reduction took 
place with liberation of iodine. The iodine was removed by sublimation in a current of air, 
The product (yield, quantitative) had all the properties of the original dihydroxymaleic acid. 
Alcoholic iodine solutions have no action on dihydroxymaleic acid in the absence of water. 
Anhydrous dihydroxymaleic acid reacted rapidly with diazomethane in ether containing some 
methyl alcohol, giving methyl dihydroxymaleate, which reacted more slowly, giving the enolic 
dimethyl ether (Found: OMe, 53-3%, after one treatment with diazomethane). Methyl 
dihydroxymaleate (prepared by Fenton’s method, J., 1894, 65, 905) reacted with aqueous 
iodine in the same manner as the free acid. The fully methylated substance was most conveni- 
ently obtained by one treatment of the acid with diazomethane, followed by methylation with 
silver oxide and methy] iodide. 

Methyl dimethoxymaleate was a mobile liquid, b. p. 85°/0-03 mm., jj" 1-4525 (Found : OMe, 
58-0. C,H,,0O, requires OMe, 60-8%). It did not react with neutral or acid iodine and had 
negligible reducing power even in alkaline solution. In alcoholic solution it showed an intense 
absorption band at A 255 my, e 6000 (c, 2-7 mg. per 100 c.c.). 


The work now described was rendered possible by the kindness of Prof. A. Szent-Gyérgyi, 
who generously provided the ascorbic acid, and to him and his collaborator, Dr. Svirbely, we 
desire to express our thanks and appreciation. Some of the material was prepared in the 
Biochemical Laboratory of the University of Cambridge. Another supply came from the Mayo 
Clinic, Rochester, New York, and the remainder from the Medical Chemistry Department of 
the University of Szeged. It was by the wish of Prof. Szent-Gyérgyi that the chemical investig- 
ation of ascorbic acid was undertaken in Professor W. N. Haworth’s laboratories and we wish to 
4P 
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record our gratitude to Professor Haworth for providing facilities for the work and for his 
constant encouragement and continued interest in its progress. We are indebted also to Mr, 
E. G. Cox, whose crystallographic and X-ray investigations have been of the greatest assistance 
to us at various stages of the work. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON. [Received, August 5th, 1933.] 





NOTE. 
The Nitration of Disulphonanilides. By F. Bett and R. CouHEN. 


ALTHOUGH the di-m-nitrobenzenesulphonyl derivatives of aniline and o- and #-toluidine are 
unacted upon by concentrated nitric acid, yet with the fuming acid they undergo mono- 
nitration. The nitro-group enters the m- and the /-position in aniline, the 2 and 4 positions 
in o-toluidine, and the 2 position in p-toluidine (Me = 1). These results are comparable with 
those of Brady, Quick, and Welling (J., 1925, 127, 2264) from the nitration of the corresponding 
phthalanils. 

The following disulphonanilides were prepared by allowing the amine and m-nitrobenzene- 
sulphonyl chloride (2} mols.) to interact in pyridine solution for several days. The products 
were repeatedly boiled with acetic acid until all the more soluble sulphonanilide had been 
eliminated. Di-m-nitrobenzenesulphon-anilide, needles, m. p. 189° (Found: N, 9-0. 
C,,H,,;0,N,S, requires N, 9-1%), -p-toluidide, m. p. 199° (Found: N, 8-7. C,)H,;0,N;S, 
requires N, 8-8%), and -o-toluidide, m. p. 226° (Found: N, 8-8%). 

Nitration of Di-m-nitrobenzenesulphonanilide.—10 G. were added slowly to fuming nitric 
acid (30 c.c.), and the resultant solution poured on ice. The precipitate (11 g.,m. p. 195—205°) 
could not be purified by boiling with acetic acid or by fractional precipitation from pyridine by 
means of ethyl alcohol. 5 G. were left with sulphuric acid for several hours and the mixture. 
poured into water. The product on extraction with acetic acid left di-m-nitrobenzenesulphon-. 
m’-nitroanilide, m. p. 235° (0-8 g.) (J., 1930, 1077), and m-nitrobenzenesulphon-/’-nitroanilide, 
m. p. 180° (J., 1929, 2788), was isolated from the filtrate. Both were identified by comparison; 
with authentic specimens, and the former also by scission with warm piperidine, m-nitrobenzene-. 
sulphonylpiperidine, m. p. 124°, and m-nitrobenzenesulphon-m’-nitroanilide, m. p. 151°, being: 
obtained. 

Nitration of Di-m-nitrobenzenesulphon-p-toluidide.—3 G. were added to nitric acid (10 c.c.)) 
and the solution poured onice. The precipitate (3-3 g., m. p. ca. 205°) after boiling with acetic: 
acid gave pure di-m-nitrobenzenesulphon-2'-nitro-p-toluidide, m. p. 208° (Found: N, 10-8;. 
Cy9H,,0,.N,S, requires N, 10-7%). It was left with sulphuric acid for several hours, and the: 
clear solution poured into water. The precipitate after crystallisation from acetic acid formed 
prisms, m. p. 136°, alone or mixed with an authentic specimen of m-nitrobenzenesulphon-2'- 
nitro-p-toluidide (Found: N, 12-6. C,;H,,0O,N,S requires N, 12-5%). 

Nitration of Di-m-nitrobenzenesulphon-o-toluidide.—3 G. as above gave a product readily 
separable by acetic acid into a less soluble, m. p. 221°, and a more soluble part, needles, m. p. 
ca, 95°, or after heating to remove acetic acid, m. p. 185°. The less soluble part on hydrolysis 
with sulphuric acid gave 4-nitro-o-toluidine; it must therefore be di-m-nitrobenzenesulphon- 
4'-nitro-o-toluidide (Found: N, 10-9%). The other, which was not identical with the already- 
described 3’- and 5’-nitro-compounds (J., 1930, 1077), must be di-m-nitrobenzenesulphon- 
6’-nitro-o-toluidide (Found: N, 10-9%). By solution in piperidine it was severed to give 
m-nitrobenzenesulphon-6 -nitro-o-toluidide (Found: N, 12-4%), which crystallised from acetic 
acid in needles, m. p. 148°.—BatTTERSEA PoLyTECHNIc, S.W.11. ([Received, July 25th, 1933.] 





300. Covalency, Co-ordination, and Chelation. 
By R. C. MENziEs and H. OvERTON. 


THE easy formation and stability of trimethylplatinum and dialkylthallium derivatives of 
B-diketones and 6-keto-esters have recently been recorded (J., 1928, 565, 1288; 1932, 
2604, 2734; 1933, 21). Attempts in 1928 to prepare methylmercury acetylacetone and 
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triethyl-lead acetylacetone were unsuccessful. These failures do not, of course, prove 
that the compounds in question cannot be made, but as they were carried out under 
conditions which gave the platinum and thallium compounds easily and in good yield, 
they do indicate that they are less stable. 

At first sight unconnected with these facts, is Krause and Dittmar’s observation (Ber., 
1930, 63, 1956) that while the lower dialkylthallium halides are insufficiently soluble in 
benzene for molecular-weight determinations (in itself an indication of molecular associ- 
ation), di-n-hexyl thallifluoride and diamyl thallifluoride are both highly associated in 
this solvent. In the same paper these authors show that triphenyl-lead chloride is 
unimolecular in benzene. Again, Werner (Z. anorg. Chem., 1897, 15, 27, 31) showed that 
methylmercury chloride and iodide are unimolecular in ethyl sulphide and in methyl 
sulphide. This somewhat scanty information suggested the generalisation that in the 
organo-metallic derivatives of the elements from platinum to lead inclusive, stability of 
the acetylacetonates (and similar compounds) and polymerisation of the corresponding 
organo-metallic halides in benzene solution were connected phenomena. Further experi- 
ments have confirmed this generalisation. Trimethylplatinum iodide is polymerised in 
boiling benzene; methylmercury iodide is unimolecular in freezing benzene, as are triethyl- 
lead chloride at room temperature (Barger’s capillary method) and triethyl-lead bromide 
in freezing benzene. 

These observations can be correlated by a consideration of the valencies and of the 
effective co-ordination numbers of the metals in question. 

The relationships which were suspected, and which it is the object of this paper to 
confirm and explain, are conveniently displayed in the subjoined table : 


Me,Pt-. Et,Au-. MeHg-. (Alk),TI-. Et,Pb-. 
Vabency  cccccscccesccccccsccccssccsvccescsececooes 4 3 2 3 4 
Effective co-ordination number ............ 6 4 2 4—6 4 
Formation (+) or non-formation (—) of 
compounds with diketones ............... + + _ + an 
Molecular association of halides ............ 2°3—4°5 2 1 Up to 8 1 


It will be noticed that compounds with diketones have only been made in those cases 
where the effective co-ordination number is greater than the valency functioning, and also 
that the organo-metallic halides are associated in those cases only. 

The ready solubility of methylmercury iodide in organic solvents, and its volatility 
at room temperature, suggest that the attractive forces between the constituent atoms 
are completely or almost completely satisfied within the molecule, and this is confirmed 
by the observation (see p. 1292) that it is unimolecular in benzene. It may be recalled 
that volatility and solubility in organic solvents are characteristic of compounds in the 
molecules of which both the ordinary valencies and the co-ordination capacities of the con- 
stituent atoms are internally satisfied, and that chelation is only one way in which this 
may be brought about. Chelation, indeed, is only possible when the number of the 
ordinary covalencies functioning in the non-chelated enolic form is less than the potential 
co-ordination number. In the stable beryllium and aluminium acetylacetones, for 
instance, the ordinary covalencies functioning are 2 and 3 respectively, whereas the 
effective co-ordination numbers are 4 and 6. In the methylmercury derivatives both 
are only 2, and both are already exercised in the enolic form of methylmercury acetyl- 
acetone; subsequent change into the chelate form indicated by the dotted line would 

H raise the covalency to 3 and apparently does not occur, the ready 
decomposition into a substance giving analytical figures approximating 


HCC JN\c. CH, to those required for methylmercury acetate indicating an instability 
O- approaching that of sodium acetylacetone. The functioning of 
ie mercury with a stable covalency of 2 in compounds of this type is 

Hg also emphasised by Ghira’s observation that dimethyl- and diethy]l- 

CH, mercury are unimolecular in the vapour state and that dipheny]l- 


mercury is unimolecular in benzene solution (Gazzetta, 1894, 24, 312). 
Lead in its trialkyl and triaryl derivatives usually displays a co-ordination number 
of 4. In addition to new examples given below, Ghira (loc. cit., p. 320) found tetraethyl- 
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lead to be unimolecular in ethylene dibromide. The effective valency is also 4, so that 
the non-formation of triethyl-lead acetylacetone may be explained in the same way as the 
unsuccessful attempt to prepare methylmercury acetylacetone. 

Quadrivalent platinum usually displays a stable covalency of 6. The enolic formula 
for trimethylplatinum dipropionylmethane or ethylacetoacetate requires a covalency 
of 4. This is raised to 5 by chelation, and finally to 6 by formation of the stable double 
molecules recently described (J., 1933, 21). The polymerisation of trimethylplatinum 
iodide (described below) is to be explained similarly by co-ordination between atoms in 
adjacent molecules. Trimethylplatinum iodide is, moreover, much less soluble in benzene 
than methylmercury iodide, and is not volatile, both indicating greater attraction between 
adjacent molecules. 

Tervalent gold is commonly 4-covalent, and the preparation of diethylgold acetylacetone 
and the observation that diethylgold bromide is bimolecular in benzene solution (Gibson 
and Simonsen, J., 1930, 2531) are both in agreement with the generalisation now discussed, 

In thallic compounds, the ordinary valency is again 3, while the effective co-ordination 
number may vary from 4 to 6. Powell and Crowfoot (Nature, 1932, 130, 131) have shown 
that the alkyl chains in the dialkylthalliums are attached at an angle of 180°. This makes 
the packing of four other atoms round the central thallium atom easy, and may explain 
the tendency for the co-ordination number to exceed 4. The polymerisation of the 
dialkyl halides and the formation and subsequent association of the chelate derivatives 
of this element resemble the behaviour of the corresponding platinum compounds, and 
are to be explained in the same way. 


Molecular weights, cryoscopic in benzene. 
(Concn. = mols. per 100 g. of benzene.) 
Formula. Concn. M. Formula. Concn. M. 
0-00858 341-2 Hg(C,H,)s 0-0064* 342 
5) 0°01952 338-5 (354-7) 0-0142* 391 
(C,H,)sPbBr 000923 264 (C,H,),Pb 0:00463 305 
00177 315 (323-4) 00118 362 
(374°2) 0°0202 355 0°0175 351 
00250 327 0°0198 343 


0:01057* 328) (Ghira, 
0°0830 380 (in C,H,Br,) 0:00482* 306 ay 320) 


* Calculated from Ghira’s figures. 


These results show that mercury is 2-covalent and lead 4-covalent in compounds of 
the type under discussion. 


Molecular weights of trimethylplatinum iodide. 
(CH,),Ptl, formula weight 367-2. 
Orange variety. White variety. 
Concn. M. «.® Concn. M. 
Cryoscopic in benzene. 
0°001 1565 4°26 0°001017 935 
0°00203 1592 4°34 0°002159 930 
0°00304 1587 4°32 
Ebullioscopic in benzene. 


0°0222 1639 4°46 00114 852 
0°03205 1671 4°55 0°0156 846 
0°0371 1685 4°56 
0°0407 1639 4°46 


* a, here and throughout, represents degree of association. 


EXPERIMENTAL. 


Molecular Weights by Barger’s Method.—The capillary method of molecular-weight deter- 
mination mentioned above is that due to Barger (J., 1904, 85, 286). It is of special value for 
substances of low solubility, or where the total quantity available is very small. Essentially 
it consists in the comparison of the vapour pressures exerted by solutions in the same solvent 
of a standard substance and of the substance whose molecular weight is required. Alternate 
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drops of the two solutions are introduced into a capillary tube which is afterwards sealed at 
both ends. The drops are then measured, using a microscope fitted with a micrometer eye- 
piece which carries an arbitrary scale, in this case of 50 divisions. The tube is kept for 1—24 
hours, and the drops again measured. Those of the solution having the greater vapour pressure 
decrease, whilst the others increase in size. This gives an indication of which solution has 
the higher molecular concentration. A series of experiments with standards of varying 
concentration furnishes limits for the molecular weight. 

In the present determinations the standard substance was naphthalene, and the solvent 
benzene. Each tube contained 7 drops arranged thus : 


1 3 3 4 5 6 7 
CyoHs % C,H, * CyHs * C,H, 


Drops 2, 3, 4, 5, and 6 were about 1 mm. in length. Drops 1 and 7, which were not measured, 
were about 3—4 mm., in order to minimise changes in concentration produced by overheating 
when the tubes were sealed. Even with this precaution, the changes in drops 2 and 6 are 
occasionally irregular, but the behaviour of the inside drops (3, 4, 5) does not appear to be 
subject to this source of error. 

An illustration of the method is given in the following account of its application to tri- 
methylplatinum chloride. The solubility of this in benzene is so small that the most con- 
centrated solution obtainable contained only 0-188% w/v (0-00078 g.-mol. per 100 g. of benzene). 
Figures are given for the comparison of this solution with 0-0035N- and 0-004N-solutions of 
naphthalene. Drops 1, 3, 5, 7 were of the standard; 2, 4, 6 of trimethylplatinum chloride. 


Change in length of drops (in tenths of a division). 


Standard. 2 3 4 5 6 Time. 
0°0035N + 54 — 29 +18 — 70 + 150 After 21 hours. 
0°004N + 7 +9 — 38 + 22 — 36 After 19 hours. 


These changes show that the solution of trimethylplatinum chloride was between 0-0035N . 
and 0-004N ; whence the molecular weight must be less than 537, but greater than 470. The 
formula weight is 275-6, so that the degree of association is 1-71—1-95. 

Other results obtained by this method include : 

White trimethylplatinum iodide (M = 367-2). Concn., 0-00249; normality * found, between 
0-010 and 0-008; M, found, 800—1000; «a, 2-18—2-72. When drops of this solution were 
alternated with drops of 0-009N-naphthalene solution, there was no definite variation in the 
size of either, indicating that they had the same molecular concentration, giving a molecular 
weight for the iodide of 890, and hence an association of 2-42. 

Yellow trimethylplatinum iodide. This sample was recovered from the b. p. determination 
referred to above. Concn., 0-00312; normality found, between 0-0085 and 0-008; M, found, 
1176—1250; a, 3-20—3-40. 

Triethyl-lead chloride (M = 329°8). Concn., 0-00347; normality found, between 0-040 
and 0-025; M, found, 250—400; «, 0-76—1-21. This solution showed no variation in the 
drops when compared with 0-03N-naphthalene, indicating a molecular weight of 333, and an 
association of 1-01. 


Methylmercury iodide was prepared by exposing mercury and methyl iodide to occasional 
sunlight for some days; it was recrystallised from methyl alcohol, and that used for molecular- 
weight determination from light petroleum. Its volatility is well shown by placing a drop of 
its solution in benzene on a glass slide. On evaporation of the solvent the iodide crystallises, 
but after 2 hours at room temperature it sublimes, leaving no trace (Found: C, 3-65, 3-68; 
H, 1-08, 0-92. Calc.: C, 3-5; H, 0-88%). M. p. 144°4°. 

Attempted preparation of methylmercury acetylacetone. 8-1 G. of methylmercury iodide 
were treated in hexane with 5-9 g. (1 mol.) of thallous ethoxide, and 2-36 g. of acetylacetone 
added, following a procedure which easily gives the trimethylplatinum and dialkylthallium 
acetylacetones in good yield. After separation of the precipitated thallous iodide and con- 
centration of the solution, 1 g. of a crystalline product was obtained (Found: C, 15-61; H, 
2-27. Methylmercury acetylacetone requires C, 22-8; H, 3-2%. Methylmercury acetate 
requires C, 13-11; H, 2-2%). 

Triethyl-lead chloride, prepared by the action of hydrogen chloride on crude tetraethyl- 

* “ Normality ’’ indicates mols. per litre as determined by comparison with the solutions of naphth- 
alene of known strength. 





1294 Drew, Preston, Wardlaw, and Wyatt : 


lead made from lead chloride and ethylmagnesium iodide, was purified by solution in water and 
reprecipitation by addition of hydrochloric acid. Its volatility is indicated by the following 
analytical figures supplied by Dr. Ing. A. Schoeller: 4-979 Mg. dried for 5 days at room temper- 
ature in high vacuum over phosphoric oxide lost 1-302 mg. (Found: C, 21-89; H, 466%). 
5-015 Mg. dried under identical conditions lost 1-429 mg. (Found: C, 21-92; H, 4-62%). 
12-161 Mg. dried for 2 days under the same conditions lost 0-283 mg. (Found: Cl, 10-85%). 
None of these samples attained constant weight, yet all gave good analytical figures (Calc. for 
C,H,,CIPb: C, 21-84; H, 4-59; Cl, 10-75%). 

Triethyl-lead bromide was prepared from tetraethyl-lead (n}'" 1-5211; Griittner and Krause, 
Ber., 1916, 49, 1421, give nj 1-5218) (supplied by the British Drug Houses) by solution in 
ether, addition of solid carbon dioxide, and careful addition of bromine dissolved in ether at 
— 70° until the colour of the bromine was permanent (Griittner and Krause, Joc. cit.) (Found : 
C, 19-48, 19-45; H, 4:3, 4:31; Br, 21-36, 21-24. Calc. for C,H,,BrPb: C, 19-24; H, 4-04; 
Br, 21-35%); m. p. 103—105° (decomp.). 

Attempted preparation of triethyl-lead acetylacetone. 0-93 G. of triethyl-lead chloride was 
treated for } hour in -boiling ether with 0-77 g. of thallous acetylacetone. After 
filtration from precipitated thallous chloride, and removal of the ether, a slightly viscous oil 
was obtained which slowly crystallised (Found : C, 23-37; H, 4:06. Triethyl-lead acetylacetone 
requires C, 33-56; H, 5-64%. Triethyl-lead acetate requires C, 27:17; H, 5-14%. Diethyl- 
lead diacetate requires C, 25-05; H, 4-21%). 


[With E. R. WILTsHIRE.] 


Trimethylplatinum iodide, prepared by the action of methylmagnesium iodide as described 
by Pope and Peachey (J., 1909, 95, 572) on dehydrated platinum chloride, is an orange-coloured 
sandy powder (Found: C, 10-09; H, 2-48; I, 35-15; Pt, 53-50, 52-55. Calc. for C,H,IPt: 
C, 9-80; H, 2-47; I, 34-56; Pt, 53-15%). Repeated recrystallisation does not make the 
orange iodide lighter in tint. A small quantity of a sparingly soluble orange deposit separated 
on the sides of the beaker during this recrystallisation {Found : C, 8-26; H, 1-92; I, 44-2. 
[(CH,),Pt],I, requires C, 8-36; H, 2-10; I, 44-2%}, but the agreement may be fortuitous, as a 
similar substance obtained as a by-product in another preparation contained C, 7-79; H, 1-6; 
I, 42-9%. 

A colourless substance closely resembling Pope and Peachey’s trimethylplatinum iodide 
was also obtained by dissolving trimethylplatinum acetylacetone in aqueous acetic acid and 
adding potassium iodide to the solution. In two preparations, 5-28 g. (Found: C, 9-95; H, 
2-43; I, 34-88, 34-61; Pt, 51-87, 51-65%) [theory for (CH,),PtI, 5-23] and 1-31 g. (theory 1-34) 
were obtained respectively from 4-83 and 1-24 g. of trimethylplatinum acetylacetone. Both 
the orange and the white compound crystallise from benzene in transparent (hexagonal) prisms 
indistinguishable under the microscope except in colour. On standing in air, both sets of 
crystals become opaque, the opacity beginning at two opposite faces and gradually extending 
inwards. When recrystallised from toluene the crystals remain transparent. 

Trimethylplatinum chloride. Residues from molecular-weight determinations of chelate 
trimethylplatinum compounds were evaporated to dryness, dissolved in 30% glacial acetic 
acid, and after filtration, treated with dilute hydrochloric acid. The precipitate obtained on 
boiling was filtered off, washed, and dried (Found: C, 13-45, 13-34; H, 3-43, 3-32; Cl, 13-03, 
12-78. Calc. for C,H,CIPt: C, 13-06; H, 3-29; Cl, 12-86%). 


The authors thank the Colston Research Committee for a grant and Dr. MacGregor Skene 
for advice in and facilities for carrying out Barger’s method for the determination of molecular 
weights. 
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301. Plato- and Pallado-sulphines. 
By H. D. K. Drew, G. H. Preston, W. WarpDLAw, and G. H. Wyatt. 


WE have recently shown that the palladodiammines exist in only one form, whereas the 
piatodiammines occur in «- and $-forms unless a chelate diamine is present, in which case 
only the @-form is found. The plato- and pallado-disulphines follow the same rule as 
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their respective diammines with regard to numbers of isomerides, but they differ remark- 
ably from the diammines in many chemical properties, ¢.g., they are interconvertible and 
the derived tetrasulphines decompose to give 6-disulphines, whereas the platodiammines 
cannot be interconverted and their tetrammines decompose to give «-diammines. In an 
earlier paper (J., 1930, 349) we showed that, unless intramolecular migrations of the 
sulphur atoms occur during certain simple reactions, all of the platodisulphines have their 
pairs of sulphur atoms in neighbouring positions with respect to platinum. The stereo- 
chemical and structural relationships between the diammines and disulphines of the two 
metals present a complex problem which is still very obscure ; in order to throw light upon it 
we have repeated and extended the work of Tschugaeff and others on certain disulphines. 

The principal result of the present work is to show that the yellow plato- and pallado- 
disulphines are without doubt monomeric substances, Pt(EtS:CH,*CH,°SEt)Cl, in boiling 
acetone, and Pd(SEt,),Cl, in boiling chloroform or in freezing benzene, being unimolecular. 
In some instances the platodisulphines occur, in addition to these yellow forms, in dimeric 
pink “‘ forms ” which are merely the plato-salts of the unstable tetrasulphines, and, like 
the dimeric pink ‘‘ forms ”’ of the palladodiammines, are easily convertible into the mono- 
meric yellow forms. In the palladodisulphine series the dimeric “ forms ”’ are too rapidly 
changed to be isolable, and in some instances (e.g. [Pt(SEt,),]PtCl,) this is also true of the 
plato-analogues. The tetrasulphines are known only in solution : 


(excess of (tetrammine or (K,PdCl,, f (boiling 

e, etc.) tetrasulphine) ete.) “> (penk) H,0) (yetow) 
PdesCl, —+» ([{Pdes,]Cl,) —> ([Pdes,]PdCl,) ——> Pdes Cl, 
Pd(NH;),Cl, —> [Pd(NH,),]Cl, —> [Pd(NH,),]PdCl, > Pd(NH,),Cl, 
PtesCl, —+» ([Pt es,]Cl,) —> [Pt es,]PtCl, —> Ptes Cl, 
Pt(SMe,),Cl, —> ([Pt(SMe,),]Cl,) —> [Pt(SMe,),]PtCl, —»> Pt(SMe,),Cl, 


(es = EtS-CH,*CH,*SEt) 





(yellow) 


Direct determinations of molecular weight have already shown that the yellow pallado- 
diammines are monomeric, a conclusion supported by many reactions (J., 1932, 1895) ; 
the analogy with the monomeric yellow palladodisulphines supplies further confirmation. 
The assertion of Krauss and Mahlmann (Siebert Festschr., 1931, 215; see also Aun. Reports, 
1932, 29, 92) that the pink and the yellow palladodiammines are all bimolecular sub- 
stances was made prior to the publication of our paper and can no longer be regarded as 
valid. 

Ardell has shown (Z. anorg. Chem., 1896, 14, 143; Diss., Lund, 1896) that Pd(SEt,),Cl, 
is isomorphous with the «-form of Pt(SEt,),Cl,, which would appear to indicate that the 
palladodisulphine is both structurally and stereochemically similar to the platodisulphine. 
On the other hand, Pd es Cl, and Pt es Cl, are very closely similar to one another and are 
both cis-compounds as regards the disposition of the sulphur atoms, since a chelate group 
is present. This indicates either that all the pallado- and plato-disulphines are stereo- 
chemically cis-compounds, or else that two stereochemical arrangements of the pairs of 
sulphur atoms are possible in the palladodisulphines although only one form has been 
observed in any case among either the pallado-disulphines or -diammines. We find that 
Pt es Cl, has pronounced conductivity in aqueous solution and that with silver oxide it 
gives a base which yields the original compound when neutralised with hydrochloric acid. 
Pd es Cl, gives a similar base with silver oxide. The evidence seems to show, therefore, that 
both of these disulphines are stereochemically and structurally similar to B-Pt(SEt,),Cly. ; 

Diethyl disulphide and acetonebisethylthioacetal did not appear capable of acting 
as chelate groups, suggesting that three- and four-membered rings are not possible in the 
plato- and pallado-disulphine series. 


EXPERIMENTAL. 


Ethylene Diethyl Disulphide and Potassium Chloroplatinite——At low temperatures and 
especially in dilute solution the pink plato-salt, [Pt es,]PtCl,, is the chief product; at 100° and 
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in more concentrated solutions the yellow disulphine, Pt es Cl,, is largely produced, but mix- 
tures are always obtained. These products may be separated by extraction with acetone, in 
which the pink salt is insoluble. Pt es Cl, crystallises from water in clusters of lemon-yellow 
triboelectric plates or needles, m. p. 185° [Found : C, 16-85; H, 3-5; Pt, 46-8, 46-7; M (in 
boiling acetone; c, 0-61; e, 0-03°), 455. Calc.: C, 17-3; H, 3-35; Pt, 46-95%; M, 416]. It 
gives no colour with phenoxtellurine dibisulphate. It is almost insoluble in benzene but slightly 
soluble in chloroform. With cold aqueous silver oxide it gives a base, in the form of a 
yellow glass; the alkaline solution of this gives with hydrochloric acid the original disulphine. 
[Pt es,]PtCl, melts at about 180° but transformation into Pt es Cl, has already occurred. It dis- 
solves in boiling water to a solution which is momentarily red, then changes to yellow, and deposits 
Pt es Cl, on cooling; the presence of hydrochloric acid makes the change slower. The plato- 
salt gives Magnus’s salt with hot aqueous [Pt(NH,),]JCl,; with phenoxtellurine dibisulphate it 
gives a deep brick-red coloration. In presence of an excess of aqueous ethylene diethyl di- 
sulphide both the pink and the yellow substance give solutions of the unstable [Pt es,]Cl,, as 
recorded by Tschugaeff and Subbotin (Ber., 1910, 48, 1203); potassium chloroplatinite pre- 
cipitates the pink salt from these solutions. 

Ethylene Diethyl Disulphide and Potassium Chloropalladite——At room temperature reaction 
is rapid, giving rise apparently to one substance only (cf. Tschugaeff and Iwanoff, Z. anorg. 
Chem., 1924, 135, 157, who suggest that two closely similar substances may be produced), 
viz., PdesCl,, soluble in hot chloroform. From hot water it separates first in dendritic 
crystals, redissolves, and reappears as rosettes of square prisms (change complete in 15 mins.) ; 
both forms are yellow and have m. p. 182°; admixture causes no depression (Found : Pd, 32-15; 
32-35. Calc.: Pd, 32-55%). With alcohol as solvent the change is more rapid. 

Pd(SEt,),Cl,, prepared as described by Ardell (/oc. cit.), who gives m. p. 78°, was obtained 
in theoretical yield as bright yellow rectangular or hexagonal needles, m. p. 83°, from light 
petroleum ; it is soluble in benzene or carbon tetrachloride. In hot water it dissolves but some 
diethyl sulphide is set free [Found : Pd, 30-1, 29-8; M, 362, 359 (in freezing benzene; c, 1-029, 
0-758; d, 0-1675°, 0-1225°), 349, 349 (in boiling chloroform; c, 1-006, 0-938; e, 0-075°, 0-070°). 
Cale. : Pd, 29-89%; M, 358]. It is soluble in aqueous ethyl sulphide, giving a solution of the un- 
stable [Pd(SEt,),]Cl, which loses ethyl sulphide in air, regenerating the original pallado- 
disulphine (Found : Pd, 29-9%), as shown by a mixed m. p. determination and other properties. 
With aqueous silver oxide a yellow solution of a base, alkaline to litmus is produced, and this 
again gives the above disulphine when neutralised with hydrochloric acid. 

Pd(SMe,),Cl, was similarly prepared fromm potassium chloropalladite and methyl sulphide 
or from the unstable aqueous solution of [Pd(SMe,),]Cl,; it had m. p. 128° (Found: Pd, 35-0. 
Calc. : Pd, 35-4%). 

Conductivity of Pt es Cl,.—The aqueous solution of the compound is decomposed by direct 
current into hydrochloric acid, platinous oxide, and ethylene diethyl disulphide, but is stable 
to alternating current and to the platinum black on the electrodes. The water used retained 
a constant conductivity of 2-6 x 10* mho at 25°. The solubility of the disulphine was found 
to be 0-130 g. per 100 c.c. of solution at this temperature. At this dilution (319 1. per g.-mol.) 

the value » = 28 wasfound. Thus, if we take u,, = 100, the ionisation is about 30% atv = 319. 
This value is greater than that found by Tschugaeff and Kobljanski (Z. anorg. Chem., 1913, 83, 8) 
even if allowance is made for the fact that they used methyl alcohol as solvent. 

Acetonebisethylthioacetal and Potassium Chloroplatinite—Between 0° and 100° the product 
was yellow to orange, microcrystalline, and insoluble in water, acetone, benzene, or chloroform. 
It was not a plato-salt since it gave no Magnus’s salt with aqueous [Pt(NH;),]Cl, nor any color- 
ation with phenoxtellurine dibisulphate. It had no definite m. p. and gave various analyses 
in different samples [Found: Pt, 53-4, 53-9, 57-7, 58-1. Calc. for (Pt Cl,),(EtS*CMe,°SEt) : 
Pt, 56-05%. Calc. for the chelate disulphine formula: Pt, 45-35%]. 

Diethyl disulphide gave with potassium chloropalladite an insoluble orange precipitate, and 
with the chloroplatinite a mixture of orange and yellow substances, which yielded irregular 
results on analysis and were not further examined. 


We thank H.M. Department of Scientific and Industrial Research for grants, and the 
Chemical Society and Messrs. The Mond Nickel Co. for the loan of precious metals. 
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302. Properties of Conjugated Compounds. Part XVI. The Dipole 
Moments and Atomic Polarisation of the Monomethyl- and Dimethyl- 
butadienes. 


By E. HAROLD FARMER and FRANK L. WARREN. 


THE paraffin hydrocarbons whether normal or branch-chained possess zero dipole moment 
(Smyth and Zahn, J. Amer. Chem. Soc., 1925, 47,2501; Sanger, Physikal. Z., 1926, 27, 556 ; 
Williams and Ogg, J. Amer. Chem. Soc., 1928, 50, 94; Smyth and Morgan, ibid., p. 1547; 
Smyth and Stoops, ibid., p. 1883); unsaturated ethylene and acetylene also have zero 
moment (Smyth and Zahn, Joc. cit.). The unsymmetrical olefin, A*-butylene, on the other 
hand, is reported to have a small dipole moment, 0-37 x 1078 e.s.u. (Smyth and Zahn, 
loc. cit.), whilst the symmetrical dihalogen olefins, dichloro-, dibromo-, and di-iodo-ethylene 
would seem to fulfil expectation in having zero or an appreciable moment according to their 
possession of ¢rans- or cis-configuration respectively (Errera, J. Phys. Radium, 1925, 6, 390). 
The investigations described in this and the succeeding paper represent attempts to dis- 
cover whether the considerable difference in additive properties which exists between the 
two monomethyl- and the five dimethyl-butadienes corresponds to a discernible permanent 
difference in the polar condition of the individual molecules. Of course, in these instances 
the molecules are relatively complex, permitting of the rotation of two halves of each 
molecule about a single bond, and (in some cases) have possibilities of geometrical isomerism 
centred at one or both of the unsaturated positions of the chain. There is, therefore, no 
necessity for the dipole moment of the molecule to be entirely dependent upon those of the 
groups present, or indeed to constitute a fixed magnitude * at all. The determination of 
the dipole moment of simple butadiene, a knowledge of which is requisite for comparison, 
has been omitted for practical reasons, but in the group of three hydrocarbons now dealt 
with (8-methyl-, «a-dimethyl, and Sy-dimethyl-butadiene) the complication arising from 
geometrical isomerism is absent. 


EXPERIMENTAL. 


The dielectric constant, e", and density, d‘:, of the pure hydrocarbons (prepared and purified 
as previously described by the authors, J., 1931, 3221) and of their dilute solutions in synthetic 
n-hexane were measured over a range of 100° (— 75° to 25°), and the value of the molar polaris- 
ation of the solution, P, ,, calculated from the formula P, ,= (e — 1)/(¢+ 2) . (Myf, + Mefs)/4, 
where M, and M,, and f, and f,, are the molecular weights and molar fractions of the solvent and 
solute respectively. The molar polarisation at infinite dilution (P,,) of the different butadienes 
was obtained either by graphical extrapolation of the P,-f, curves (P,, the molar polarisation 
of the solute, being calculated for the different concentrations from the expression P, = [P;,; — 
P,fij/f) or by similar extrapolation of the P, ,-f, curves; for @-methyl- and aa-dimethyl- 
butadiene the extrapolation could be effected with greater certainty by the latter procedure, and 
the values of P,, quoted below for these hydrocarbons were obtained in this way (see Williams 
and Krchma, J. Amer. Chem. Soc., 1927, 49, 1676; also Smyth, Morgan, and Boyce, ibid., 1928, 
50, 1536). 

The value of P,,, determined for different temperatures, was plotted against 1/T, where T is 
the absolute temperature, and from the curve of the general equation P = a +- b/T, the follow- 
ing were calculated (see Debye, ‘‘ Polar Molecules,”’ p. 37; also Smyth and Morgan, Joc. cit.) : 
(i) the dipole moment, p = 0-0127Vb x 1078 e€.s.u.; (ii) the atomic polarisation, P, = a — Px, 
where Px, the electronic polarisation, is equal to the molecular refraction for light of infinite 
wave-length (see Part XV; J., 1932, 430). 

Apparatus, and Method of Calibration.—A circuit diagram of the apparatus used for measur- 
ing the dielectric constants of the hydrocarbons and of their solutions is shown in Fig. 1. The 
arrangement is similar in essentials to that employed by Whiddington (Phil. Mag., 1920, 40, 
634), except that a dielectric cell of fixed dimensions is employed. A is a valve oscillator com- 
prising a Marconi DEL 210 valve with 2-0 volts applied to the filament and 100 volts to the 


* Owing both to rotation (with possible dependence of the average spatial configuration on existing 
experimental conditions) and to the variability of the proportion of geometrical isomerides in different 
specimens. 
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anode; a, and b, are inductances, and c, a variable condenser, the maximum capacity of which 
is 500uuF. The frequency of the oscillations generated is 2 x 10° p.p.s. B is a similar 
oscillator, the condenser c, being a Sullivan standard condenser of maximum capacity 1200 uyF 
with a vernier adjustment permitting a rough estimate of the second decimal place with the aid 
ofalens. In order to eliminate the effect of the capacity of the operator, c, is controlled by an 
insulated handle about 4’ long. The moving plates of this condenser are connected to the case 
of the condenser and to the filament end of the inductance a,. The dielectric cell, d, can be 
connected in parallel with the standard condenser by the switch, s, which is virtually a mercury 
contact connexion to the inside silver film of the cell, and this can be made by very slight move- 
ment of the wire so that the change in capacity is independent of external effects. A valve 
amplifier, C, is used to amplify the heterodyne note, so that a comfortably audible signal is 
produced by the loud speaker, /. The thermostat and all clamps, etc., are earthed. 

With the switch, s, open, the oscillator is tuned by the condenser, c,, until the heterodyne note 
in the loud speaker (the frequency of which increases with an increase in capacity of c,) becomes 
identical in pitch with that of a valve-maintained tuning fork of 1000 p.p.s. The reading of c, 
is noted. The switch is then closed and the oscillator again tuned by means of the condenser, 
¢,, to the same frequency as before. The reading of c, is again noted. The capacity of ¢, is then 
slightly changed, and another similar pair of readings taken: this procedure is repeated 6—8 
times. The average decrease in the capacity of c, (calibration corrections being made for all 
readings) gives the capacity of the dielectric cell, d, together with a small capacity &c due to the 
leads, etc. 

By using benzene (nj 1-5012,; nj; 1-4979,) purified by the method of Williams and Krchma 


Fic. 1 Fic. 2. 
100 Volt s 100 Volts 


UO Volts 


























2 Volts W/ 


(loc. cit.) as a standard (e?* = 2-273; Hartshorn, Proc. Roy. Soc., 1929, A, 128, 664), the value 
of the capacity, Xc, was ascertained and allowed for in all subsequent measurements. 


Capacity (upF) of dielectric cell containing 
Cell. air. benzene. 2c, ppF. 
I 87 186 12 
II 89 190 1-5 
III 120 280 09 


The assumption that this value was constant over the range employed appeared justified 
from the determined value of the dielectric constant for petroleum hexane (ec? = 1-911) which 
is in agreement with that found by Ball (J., 1930, 570) for the same sample. 

Density Determination.—The type of pyknometer found to be most reliable for low-temper- 
ature determinations of density is shown in Fig. 2. It had a capacity of 25 c.c., and its two ends 
were closed with well-ground glass stoppers, and the axis of the pear-shaped reservoir R was 
inclined at such an angle to the vertical that the liquid ran down completely into the capillary 
tube. Final adjustment of the liquid under examination was made after the pyknometer had 
been in the thermostat for about 50 minutes, the steadiness of the liquid on the mark indicating 
that the temperature of the bath had been attained. The position of the reservoir R at the head 
of a long capillary tube conduced to rapid adjustment since the liquid which necessarily descended 
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into the capillary from the reservoir during adjustment rapidly attained the temperature of 
the bath. 

The pyknometer was calibrated with boiled-out distilled water, and the coefficient of expansion 
of the glass (3-1 x 10-5) determined by filling with pure mercury and weighing at a series of 
temperatures (compare Sugden, “‘ The Parachor and Valency,”’ p. 204). 

The density determinations gave values which were accurate to 0-0001 for temperatures 
below 0°, but at higher temperatures the probable error was never greater than + 0-00005. 

Low-temperature Thermostat.—The thermostat was of the type described by Walters and 
Loomis (J. Amer. Chem. Soc., 1925, 47, 2302), modified as follows: (1) The Dewar flask was 
made of glass and not spun copper. (2) A head of mercury was used instead of a head of water, 
the level of mercury being sufficiently adjustable to give the desired flow of liquid air through 
the cooling worm of the thermostat whilst at the same time permitting relief of excess pressure 
by the escape of air through the mercury; a small rubber press-bulb attached to the liquid-air 
container allowed the desired internal pressure to be attained rapidly. (3) The enamelled copper 
wire used for the electrical heating coil was wound round a piece of glass rod, the turns of wire 
being separated by cotton thread. This was found to be a much safer device than that afforded 
by winding the wire round a strip of mica, since the latter arrangement tended to produce kinks 
in the wire which occasionally produced arcing. 

The Dielectric Cell_—The cell used in these determinations, illustrated in Fig. 3, is based on 
that used by Dr. A. O. Ball (loc. cit., Fig. 5), to whom the authors are indebted for invaluable 
advice and initial help. The cell was thoroughly cleaned with fuming nitric acid, washed with 
grease-free distilled water, and, without being allowed to dry, immediately silvered by allowing 
the silvering solution * to run in down the side tube A until the cell was filled to the mark B. 


DISCUSSION OF RESULTs. 


By-Dimethylbutadiene.—The curve P,, = a + b/T gives a negative value for b, and this 
finds no interpretation in Debye’s equation for the calculation of the polar moment; but 
at very low temperatures the increase of P,, with temperature (P,, = 30-97 c.c. at — 75°; . 
31-00 c.c. at — 50°) is very small and lies within the limits of experimental error, whilst 
the actual values are almost identical, as is shown in Fig. 4, with that observed in benzene 
solution at 25° (P_, = 31-02 c.c.; see following paper). It is concluded that the anomaly 
is due to the polymerisation of the hydrocarbon during the heating of the solution from 
— 75° to 25° (a time interval of about 10 hours, since approximately 2 hours were required 
for measurements at each temperature), and that within the limits of the experiment, the 
polarisation at infinite dilution is independent of temperature. 

8-M ethylbutadiene.—The curves obtained by plotting P,,, against /, are nearly straight 
lines over the range of temperature — 75° to — 25°, so it is justifiable to use the polarisation 
values of the pure hydrocarbon for the calculation. Increase in P,, is again observed at the 
higher temperatures, and on the assumption that these increases also are due to polymeris- 
ation, the high-temperature values are rejected. 

ax-Dimethylbutadiene.—The analysis of the data in this instance is less obvious even after 
recalculation on the assumption, justified by the curve representing experimental observ- 
ations, that over the range of dilution measured, the dielectric constant is a linear function 
of dilution. It is apparent from the P, ,-/, curve, however, that there is very little associ- 
ation, and values for the polarisation of the hydrocarbon in the pure state and at infinite 
dilution lead to the same figure for the polar moment. The extrapolation, however, of the 
line P = a + b/T in the derivation of a is of more doubtful character and gives an atomic 
polarisation twice that found for ®y-dimethylbutadiene; but this extrapolation must be 
less accurate than that of the latter hydrocarbon for which b is zero. As the difference in 
P, between $-methyl- and Sy-dimethyl-butadiene is of the same low order of magnitude as 

* The silvering solution was that in use at Leiden University for silvering Dewar vessels. Solution 
A. Pure silver nitrate (6 g.) is dissolved in water (70 c.c.) and ammonia added until the precipitate is 
redissolved. Then 3% caustic potash solution (70 c.c.) is added and the precipitate again redissolved 
by addition of ammonia; the whole is diluted to 500 c.c. and a few drops of dilute silver nitrate solution 
added to render the liquid slightly turbid. Solution B. Glucose (6 g.) is dissolved in water (30 c.c.), 
and the solution boiled after addition of 4 drops of concentrated nitric acid. After cooling, alcohol 
(12°5 c.c.) is added and the whole is diluted to 500 c.c. with water. 10 Parts of solution A are mixed 
with 1 part of solution B, and allowed to stand. 
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the difference found by Dornte and Smyth (J. Amer. Chem. Soc., 1930, 52, 3546) to hold 
between the members of the paraffin-hydrocarbon series, the value of P, obtained for 
6y-dimethylbutadiene is used in preference to that derived from the doubtful value of a, 
referred to above, in calculating the dipole moment of other dialkylbutadienes (succeeding 


paper). 
The following table gives the characteristic constants : 
Butadiene. a, C.C. Px, C.c. Pr, c.c. b. px 1038, e.s.u. 
-Methyl- 26°54 24-20 2°34 130 0°15 
aa-Dimethy]- (34:9 ) 29°36 ( 5°5) 1700 0°52 
By-Dimethyl- 31-00 28:50 2-50 0 0-0 


The values obtained for the dipole moment would seem to indicate that alkyl substitu- 
tion at the a-carbon atom of a butadiene chain causes a greater permanent polarisation of 


Fic. 4. 
Polarisation-temperature curves of hydrocarbons in synthetic n-hexane. 


44 
Ai 


42 oY x 


[A 
40 , we x 
gi 





























38 \; 
6 D! 
8 36 | 34 
v La 
& 
. 
S fo) 
32 e 
6-y-Dimethy!-L°°¥- butadiene... _ 
Ky & - 





S 
Ss 





























fo) 
B-Methyl- L°¥- al - 
[ | 





26 

0 7 2 3 § 6 

10°/T. 

Values of the polarisation of the hydrocarbons at infinite dilution (P,,) are indicated by © and values of the 
polarisation of the pure hydrocarbons (P,) by x. The point © represents a value of P,, measured in 


benzene solution. 
the molecule than similar substitution at the 8-carbon atom. In addition, any small 
permanent moments which may characterise the two halves of the molecule in By-dimethyl- 
butadiene (in the sense that CHEt:CH, possesses a small moment) must be opposed direc- 
tionally or otherwise neutralised, since this hydrocarbon has zero moment. 


The authors desire to thank the Government Grant Committee of the Royal Society and 
the Chemical Society for grants; their thanks are also due to Celestion Ltd. for the loan of a 
portion of the apparatus. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. (Received, October 1st, 1931.]} 
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303. Properties of Conjugated Compounds. Part XVII.* The Deter- 
mination of the Dipole Moments of the Monomethyl- and Dimethyl- 
butadienes (continued). 

By Ernest H. FARMER and FRANK L. WARREN. 


In the preceding paper the dipole moments of three monomethyl- and dimethyl-butadienes 
have been calculated from density and dielectric constant data relating to the hydrocarbons 
and their solutions in a non-polar solvent. The dipole moments of the remaining four 
hydrocarbons of the same series, viz., a-methyl-, and «f-, «y-, and «8-dimethyl-butadiene 
(all of which can display geometrical isomerism), have now been calculated. The new 
density and dielectric constant data on which the computations are based refer, however, 
to one temperature only, 25°, and the synthetic »-hexane formerly employed as non-polar 
solvent has been replaced by carefully purified benzene.t It has been necessary, accord- 
ingly, to make the assumption, which is probably correct within the limits of experimental 
error, that substances of the same type and molecular weight, such as the monomethy]- 
or the dimethyl-butadienes, have the same atom polarisation, P,: actually, the values 
of P, already recorded for isoprene and #y-dimethylbutadiene have been utilised. 


EXPERIMENTAL. 


The circuit and cell used for the observations were those formerly employed (/oc. cit.) ; the 
pyknometer was of the Hartley pattern and had a capacity of 25 c.c.; the temperature of the 


Fic. 1. 
Dielectric constants in benzene. 














water thermostat remained constant within 0-01°. The whole apparatus was calibrated in the 


* Part XVIII, J., 1932, 2072. 

+ Discontinuance of the use of synthetic m-hexane was necessitated by the great expense of preparing 
the requisite large quantities of this substance in a high state of purity. Petroleum m-hexane was 
thoroughly tested as a substitute but was unsatisfactory for the purpose. At 25°, however, benzene 
and synthetic m-hexane proved to be equally satisfactory as solvents in determining the molar polaris- 


ation of the butadienes in solution (P,,). 
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way previously described, the capacity of the dielectric cell, including a small capacity 
(2-6 uwF) due to the leads, etc., being 99 uuF in air and 224 uuF in benzene. 

The hydrocarbons were prepared by methods which bad previously been found to yield 
chemically, although not configurationally, homogeneous products (Farmer and Warren, J., 
1931, 3229). With the «8-hydrocarbon, owing to the large range of boiling point resulting from 


Fic. 2. 
Polarisations of alkylbutadienes in benzene. 
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the presence of (presumably) cis-cis-, cis-trans-, and trans-trans-isomerides, the same division into 
lower- and higher-boiling fractions was made which was previously employed in studying the 
refractivity of this substance; this division doubtless resulted in some measure of separation of 
the geometrically isomeric forms (Farmer and Warren, Joc. cit., pp. 3227, 3228). 

In the tables below, the symbols are those used in the preceding paper. The variation of the 
dielectric constant of the benzene—hydrocarbon solutions with concentration is represented in 
Fig. 1; the corresponding variation of the molar polarisation of the solutions and of the solutes 
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is shown in Fig. 2. It is remarkable that the polarisations of a-methyl-, ay-dimethyl-, and 
Sy-dimethyl-butadiene (unlike those of the «8- and the a8-compound) show a rapid increase with 
diminution in concentration at low dilutions. 


Dieleciric constant, density, and molar polarisations. 


a-Methylbutadiene. ay-Dimethylbutadiene. 
Se dé. a. 'o— Ps. See Z”. &. Pye. P,. 


00000 2-274 08731 26°62 Bd 00496 2284 08632 27:20 38°31 
00497 2-280 08626 «=. 2689 Ss 3199 = «00985 = «2296 = 0'8532.—s«27°74.—Ss:83:7-97 
O-1014 2-284 08514 27:12 31°56 01997 2314 0:8336 2881 37°61 
071292 2-287 0:8454 2726 31°58  0°4281 2-354 07941 31°24 37°42 
02241 2-292 08252 2765 31°24 0°7784 2404 0°7429 34°84 37°18 
03370 2300 08017 2816 31:19 10000 2-422 07139 36°97 36-97 
05007 2:307 0°7686 28°84 31:06 ; 
07752 2317 07154 29°98 30°96 a3-Dimethylbutadiene (b. p. <80°/764°3 mm.). 
1-0000 2-319 0°6738 30°85 30°85 0°0493 2-271 0°8624 27°00 34-28 
; 0°1310 2-269 08458 27°62 34:28 
aB-Dimethylbutadiene. 02434 2-264 0°8233 2846 34:18 
00524 2-284 08634 27:16 37:30 0:4953 2-259 07800 30°34 34:12 
00995 2293 08541 27°67 37:19 00-7138 2-249 0°7457 31°90 34-02 
0°2507 2324 08273 2926 37:14 1:0000 2224 0°7052 33°73 33°73 
0°5288 2°367 0°7838 32°02 36°84 
1:0000 2-426 0°7233 36°56 36°56 «5-Dimethylbutadiene (b. p. 79°4—81-6°/765 mm.). 
' 00499 2270 0°8627 2698 33°87 
By-Dimethylbutadiene, 01003 2-267 08522 27-34 33-80 
00984  2°252 08546 27°03 30°79 02471 2-256 08237 2832 33°51 
02462  2°220 08279 27°60 30°58 04997 2:242 07812 30°10 33°58 
05018 2:173  0-7871 2860 30°57 07173 2-233 0-7493 31:46 33°35 
0°7554 2134 07519 29°59 30°55 10000 2-207 07105 33:15 33°15 
10000 2099 0°7215 30°50 30°50 


The Dipole Moments.—The values for the electron polarisation (Pg) (determined as previously 
described, Part XVI, p. 1297) and atom polarisation (P,) of the different hydrocarbon molecules, 
together with those for the polarisation of the molecules (in benzene) at infinite dilution (P,), 
are given in the table below. From these values the values shown for the dipole moment, 


u xX 10% = 0-0127V (P,, — Ps — Px)T, of the different molecules have been calculated. 





Alkylbutadiene. P., c.c. Pg, c.c. Pa,* c.c. px 10'*. Alkylbutadiene. P,,, c.c. Pg, c.c. P4,* c.c. wp x 108. 


a-Methyl 32:27 24°65 (2°34) 0°50 aS-DimethylIt 34:30 29°24 (2°50) 0°36 
ag-Dimethyl 37°27 29°01 (2°50) 0°53 ad- ,,  Ilt 33°87 2939 (250) 0°31 
- « 38°80 29°09 (2°50) 059 fy ,, 31-00 2850 250 0 


* The values shown in parentheses are assumed (see p. 1302). 
t I = low-boiling fraction; II = high-boiling fraction. 


The authors thank the Chemical Society for a grant which has defrayed a part of the cost 
of this investigation. 


IMPERIAL COLLEGE OF SCIENCE AND TECHNOLOGY, 
Lonpon, S.W. 7. [Received, October 1st, 1931.] 





304. The Electric Moments of Cyclic 1: 1-Dicarboxylic Esters in 
Relation to the Valency-deflexion Hypothesis. 


By E. H. Farmer and N. J. H. WALLIs. 


In former investigations designed to test quantitatively the validity of the Thorpe-Ingold 
valency-deflexion hypothesis four physicochemical methods were employed : (1) determin- 
ation of the heats of formation of 3-, 4-, 5-, etc.-membered rings, (2) determination of the 
relative ease of fission of spiro-compounds, (3) observation of tautomeric equilibria, and 
(4) determination of the dissociation constants of various 1 : 1-dicarboxylic acids. The 
failure to obtain decisive evidence for or against the hypothesis renders further observations 


necessary. 
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Eucken and Meyer (Physikal. Z., 1929, 30, 397) have shown mathematically that the 
group dipole of carbethoxyl can be regarded as a constant if the temperature at which it 
is measured is constant ; rise of temperature, with increased freedom of rotation within the 
group, should give an increase in the moment. According to Meyer (Z. physikal. Chem., 
1930, B, 8, 27), the capacity for free rotation within molecules such as CH,Cl-CH,Cl and 
R-CO,R’ is diminished by the potential due to the opposed moments of the component 
groups, and his calculation shows that, when the inner molecular potential exceeds 
kT /10, the rotation should be checked, thus causing the total moment to decrease with fall 
in temperature. For the carboxyl group (possessing an inner potential energy exceeding 
kT) it is computed that the internal rotation should produce a variation of moment with 
temperature, the lower limit of the moment being 1-1 x 10-8 and the upper 3-5 x 107%, 
but the latter value would only be attained at about 20,000°. Smyth (‘‘ Dielectric Constant 
and Molecular Structure,’’ New York, 1931) has drawn attention to the fact that the values 
of the moment determined at one temperature, and over a short range, for acetic acid and 
the acetates and formates lie well within these limits (actually near the lower limit) and has 
suggested that Zahn’s measurements for acetic acid vapour between room temperature and 
200°, which show an apparent increase in moment from 1-4 x 108 to an average value 
exceeding 1-7 x 10718 (Physical Rev., 1930, 35, 1047), are possibly to be regarded as evidence 
in accordance with Meyer’s predictions, although Zahn himself attributed the increase to a 
transition from one state of vibration associated with the OH-group to another. Ethyl 
acetate (in heptane), however, has been found to show no significant variation of the 
moment with temperature, even over the range — 70° to 30° (Smyth and Dornte, J. Amer. 
Chem. Soc., 1931, 58, 2005). 

On the basis of the constancy of the dipole moment of the carbethoxyl group for a given 
ae ad and taking into consideration Smyth’s conclusion that the size of the nag 


es CH X H,°CH CH,°CH 


* a) (II.) aI ) av. ) 
X = CO,Et. 


carbon radical makes little or no difference to the magnitude of the moment of a mono- 
carboxylic ester (op. cit., p. 94), it becomes possible to approach the valency-deflexion 
problem from another aspect, since any change in the angle between the carbethoxy] groups 
in a series of spiran dicarboxylic esters must correspondingly affect the resultant moment 
due to the carbethoxyl groups (compare Bergmann, Engel, and Wolff, Z. physikal. Chem., 
1932, B, 17, 81). Accordingly, the dipole moments of the 1: 1-dicarboxylic esters of 
cyclopropane, cyclobutane, cyclopentane, and cyclohexane (I—IV) have been determined 
in order to discover whether any system- Fro. 1. 

atic variation in the vectorial group-moment 
of the series could be detected in the sense 
of the Thorpe-Ingold hypothesis. 

The vectorial group-moment of any of 
the esters under consideration can be re- 
garded as being made up of two vectors 
whose actual position within the 1 : 1-di- 
carbethoxy-group is unknown, but might 
reasonably be considered to be inclined at 
an approximately fixed angle («) to the 
valency bond between the l-carbon atom 
(C,.) and the central carbon atom of the 
carbethoxyl group (C’ or C’’), as shown in 
Fig. 1. 

On this assumption, the magnitude of 
A, the summation-moment of the molecule, should increase as C,C’ moves towards C,C”, 
which should occur, according to the Thorpe—Ingold hypothesis, as the rings become 
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larger. Any increase in the magnitude of the vectorial group-moment of an alicyclic 
1 : 1-disubstituted compound with the size of the ring could not be expected to follow 
quantitatively the values for the external valency angle given by Beesley, Ingold, and 
Thorpe (J., 1915, 107, 1080), since the mechanical approach of the two groups would be 
accompanied by a corresponding electrostatic repulsion, setting up an equilibrium between 
the ring strain and the repulsion of the groups. The position of equilibrium in each ring 
system will, however, clearly be different, and this difference should be detected by 
measurements of the magnitude of the vectorial group-moment A. 


EXPERIMENTAL. 


Since the changes in dipole moment were expected to be comparatively small, particular 
attention was paid to the sensitivity of the apparatus employed in the determinations. 

Dielectric Constants.—In principle, the heterodyne method of Griissmacher (Z. Physik, 1924, 
28, 342) was employed on account of its greater sensitivity over bridge methods when used with 


Fic. 2. 
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non-conducting dielectrics. Considerable difficulty was experienced at first in obtaining a 
consistent calibration of the standard Sullivan condenser (C,) to the order of accuracy required ; 
eventually, therefore, a circuit (Fig. 2) was employed which, although giving a small range of 
capacity change, increased greatly the accuracy of the condenser calibration and the subsequent 
determination of the dielectric constants. 

The independent valve oscillators A and B, oscillating at about 4 x 10° cycles/sec., were 
loosely coupled together. Although the frequency of A could be varied by means of C,, in 
general it was kept constant. The oscillator B was controlled by a Sullivan standard air con- 
denser, C,, of 0-0012 uF capacity, fitted with a worm gear slow-motion control and an extension 
handle 2 m. long; the capacity of this condenser operated through a network of Sullivan fixed 
mica condensers with a temperature coefficient of 1 x 10-5. The existence of a simple relation- 
ship between the worm gears of the slow-motion control enabled the condenser to be read to 
0-001°, but possible error due to backlash amounted to + 0-003°, so that 0-01° could be read 
directly from a circular scale mounted on the driving shaft of the worm gear, the complicated 
optical arrangements described in the literature thus being dispensed with. 

The values of the fixed condensers C, and C, were so chosen (0-0015 uF and 0-002 uF respec- 
tively) as to give a scale ‘‘ extension ” of about four times, and also to give as nearly as possible 
a linear relationship between the opened and the reduced scales. The scheme was similar to 
that employed by Ball for a bridge circuit (J., 1930, 577), and enabled an apparent reading of 
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0-0025° to be made, but considerably restricted the range of capacity changes in the measuring 
cell (liquids of dielectric constant >3 could not be used). 

The condensers C, and C, were calibrated in terms of C, by removal from the circuit. Their 
capacities (each larger than that of C,) were measured by placing them in series with a condenser 
of about 0-005 uF capacity, which could be determined in terms of C,. C,, which had been 
specially adjusted by,the makers to its value of 0-002 uF, proved to be accurate to 0-1%, C, being 
assumed to be 0-0012 uF 

The standard condenser C, was calibrated in steps of about 7° by means of a small variable 
air condenser, the cell (but not its capacity) and the cell-wiring being in circuit. The repro- 
ducibility of the calibration values was of the order of + 0-004°, but in consideration of the 
overall accuracy, readings were taken to the nearest 0-01°. 

The oscillators A and B were enclosed in a wooden box to prevent great fluctuations in 
temperature (the principal cause of frequency variation), and the filaments of the valves, and 
also the water-filled thermostat, were connected to earth. Twisted leads, owing to their con- 
stantly changing position relative to the bulk of the apparatus, were avoided, and rigid well- 
spaced leads, mounted in ebonite to reduce inter-capacity and inductance, were employed ; 
inductance was also combated by keeping the leads as short as possible. 

No independent switch was used to remove the cell from circuit, but short flexible copper 
wires (7/42) were hung from the rigid leads into the mercury cups of the cell, which were filled 
with pure distilled mercury. The cell was brought in or out of circuit by a defined movement of 
5 mm. of one of these wires, so that any capacity change inherent in the switch was negligible. 
Experimentally it was found possible to move consistently between the same two points on C, 
on opening and closing the switch. The capacitance measurements were all accurate to 0-12% 
and generally to about 0-05%. 

The circuits were supplied with high tension current from a large 200 v. block of Exide 
accumulators of 5000 m. amp. capacity; each low tension circuit was supplied from a separate 
accumulator. 

Resonance was not established between the two oscillators, but a constant difference of 500 
cycles was used as a standard condition. This heterodyne note was isolated by tappings on 
L, and L,, amplified by the low frequency amplifier F, which energised the loud speaker S. The 
heterodyne beat note from S was allowed to beat aurally with a note produced from a standard 
valve-controlled tuning fork oscillating at 500 cycles/sec. This formed a very sensitive arrange- 
ment unaffected by stray capacity from the body during manipulation of the apparatus. The 
rate of creep of frequency was about 2—3 beats per hour when the apparatus had been allowed 
to oscillate for 3 hours. This drift represents a frequency change of 0-00025%, which was 
negligible in the time interval necessary to complete the observations. 

The Dielectric Cell—The cell, which is described in the paper by Farmer and Warren 
(p. 1297), was a modification of the Sayce and Briscoe type (J., 1925, 127, 315). The resistance 
of the silver films forming the plates was of the order of 1—2w, and the cell, when filled with 
benzene, had a resistance between the plates of the order of 5 x 10°. The capacity of the cell 
was about 80 uF, of which 99-6% was replaceable. 

It was found that the level of the water in the thermostat (all the measurements were made at 
25° + 0-01°) affected the capacity of the cell to a small extent (about 0-15% for a large change in 
level). Although this did not actually matter, since the cell was calibrated immediately before 
each measurement, it was found convenient in practice to maintain the water level constant. 

Refractive Indices.—These were measured at 25° for the «-, B-, and y-hydrogen lines and the 
Nay line on a Bellingham and Stanley refractometer for which no calibration (i.e., manufacturers’ 
data) was required, since the refractive index of the prism could be determined on the instrument, 
The maximum error of measurement lay within + 0-00004. The refractivities both of the esters 
and of the benzene solutions of the esters were determined, but the refractivities of the solu- 
tions in every case followed closely the simple mixture law and therefore are not here reproduced. 
It was found possible with the benzene solutions to measure the refractivities in the direction 
H, —> H, and H, —> H, witha change in the angle subtended by H,, of 30’, representing a 
change of 0-00005 in refractive index. The molecular refractivities for the four lines are given 
below, also their extrapolation to infinite wave-length by the Cauchy formula. The electron 
polarisation has, however, been taken as MRp in order to correct partially for P,, in respect 
of which the value contributed by the carbethoxyl group is unknown. 

Densities —These were measured in a 10 c.c. Pyrex pyknometer of the Hartley type, fitted 
with external caps and having narrow capillaries. By employing a standard method of treating 
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the pyknometer surface, consistent results agreeing amongst themselves to the fifth significant 
figure could be obtained. 

Preparation and Purification of Materials—The benzene employed as a solvent was purified 
by successive treatment with concentrated sulphuric acid, potassium permanganate, and sodium 
carbonate, fractional crystallisation, and fractional distillation over sodium. 

The cyclic 1: 1-dicarboxylic acids were prepared by condensing dibromo-paraffins with 
sodiomalonic ester (Perkin method), and fractionating and hydrolysing the products. The 
acids were fractionally crystallised until the recorded m. p.’s (Table I) were attained, and were 
then esterified with pure alcohol in the presence of a small amount of zinc chloride. The esters, 
the physical properties of which are given below (Table I), were stored in sealed vessels until 
required for use. 

TABLE I. 


Density and Refractive Index of Cyclic Esters. 
Ethyl ester. 





Acid. M. p. B. p. ae. ne", 
cycloPropane-l : 1-dicarboxylic 136° 89°5°/9 mm. 1:05551 1-43101 
cycloButane-l : 1-dicarboxylic 154 108/14 mm. 104264 143014 
cycloPentane-1 : 1-dicarboxylic 97°5/4 mm. 1-03801 144203 


cycloHexane-1 : 1-dicarboxylic 122°5/13-5 mm. 1:03515 1°44547 
Benzene — 0°87324 1-49780 


The calculation of dielectric polarisation and dipole moment was according to the classical 
theory of Debye, and the results are shown below. 


cycloPropane-1 : 1-dicarboxylic Ester. cycloButane-1 : 1-dicarboxylic Ester. 

Se €95°- ay. P,, 2: P,. Se €o5°- a". P,, 2° Py. 
0°082600 2°8712 0°90101 37°089 150°33 0°060218 2°6479 0°89448  33°858 146-60 
0°029212 2°4887 0°88355  30°489 158°60 0°043422 2°5475 0°88887 31°917 148-30 
0°014118 2°3775 0°87821 28°519 160715 0°014218 2°3645 0°87856 28-398 150-70 
0°010320 2°3502 0°87678 28°030 161-91 0°010844 2°3427 0°87722 27°983 151-04 
0°006582 2°3227 0°87558 27°531 162-92 

P, at infinite dilution = 165-34 cm.*. P, at infinite dilution = 151-41 cm.’. 
MR, = 45°37, MRp = 45°65, MRg = 46-27, MR, = 49°39, MRp = 49°61, MRg = 50°31, 
MR, = 46°69. MR, = 51-07. 
MR,, from MRp — MRg = 44°37. MR,, from MRp — MRg = 48°17. 
MR, from MRq — MR, = 44°38. MR, from MR, — MR, — 48°16. 
Paso = 119°69 cm.*; p = 2°40 x 107" e.s.u. Paso = 10180 cm3; p = 2-32 x 10-78 e.s.u. 


cycloPentane-1 : 1-dicarboxylic Ester. cycloHexane-1 : 1-dicarboxylic Ester. 

* fas": mw. Por P.. ‘+, €a5°° ae" Pao P,. 
0°038132 2°4883 0°88751 31°107 143°94 0°087993 2°8247 0°90556  38°122 157-19 
0°013882 2°3513 0°87852 28°265 14412 0°047858 2°5798 0°89145 32-922 158-02 
0°010367 2°3329 0°87702 27°878 146°63 0°030759 2°4765 0°88553 30°798 158-93 
0°006479 2°3105 0°87561 27-412 146°71 0°014329 2°3613 0°87847 28°535 159°61 
0°003690 2°2944 0°87446 27-082 148-04 

P, at infinite dilution = 148-95 cm... P, at infinite dilution = 161°44 cm.*. 

MR, = 54°01, MRp = 54:24, MRg = 54:89, MR, = 58°46, MRp = 58°73, MRg = 59°35, 

= 55°43, MR, = 59°87. 


MR 
MR,, from MR, — MR, = 52°96. MR,, from MR, — MR, = 57°42. 
MR,, from MRp — MRg = 52°92. MR, from MRp — MRg = 57°44. 
Payo= 9471 cm3; p= 2°14 x 10-8 e.s.u. Pao = 102-71 cm; p= 2°23 x 10% e.s.u. 


DISCUSSION. 


The observed change in the dipole moment from ring to ring is shown graphically in 
Fig. 3, and is contrasted with the change in the moment which would be expected to obtain 
if the external valency angles in the different ring systems were actually those put forward 
by Beesley, Ingold, and Thorpe (loc. cit.). For the purpose of calculating the moments on 
the latter basis Smyth’s value for the moment of the carbethoxy] group, viz., 1-9 x 10% 
e.s.u. (op. cit., p. 94), is employed. 

It will be seen that the magnitude of the group-moments for the 3-, 4-, and 5-membered 
rings changes in the reverse way to that which would be predicted on the basis of the 
Thorpe—Ingold hypothesis, and only in passing from the 6- to the 5-membered ring is the 
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direction of change the same. Moreover, the minimum moment occurs in the case of the 
5-membered ring, the other rings being grouped in conformity with the Baeyer hypothesis. 
Thus the results appear to be unfavourable to Fic. 3. 

the Thorpe-Ingold hypothesis. Two contin- 
gencies, however, may render this conclusion 
invalid: (i) the value of the vector group- 
moment for the carbethoxyl group, here 
assumed to be constant, may actually change 
from one ring system to another, and (ii) each 
carbethoxyl group may tend to rotate about 
the C,C’ and C,C” links with the result that, 
although the angle « (Fig. 1) will remain 
constant, the angle between the moments may 
have a range of values, there being a sort of 
average probable value determined by the free- 
dom of rotation of the groups and therefore of 
the moments. 

The mathematical treatment for a system of 27 
this type in which rotation is completely free has 
been given by Fuchs (Z. physikal. Chem., 1931, 

B, 14, 339). Now it may well be that the free- 

dom of rotation in the spiran esters depends 20; 3 
upon the angle between the C,C’ and C,C” 

valencies (y in Fig. 1), increasing when the latter increases, since the carbethoxyl groups 
are then turned further apart. Increasing freedom of rotation would of itself, other 
things remaining constant, certainly result in an increase of moment, since the positions of 
minimum and lower potential energy in such a system are always those of least or lower 
moment. But any increase in the angle y would of itself cause a decrease in the total 
moment, provided the freedom of rotation remained fixed. There are then two effects 
working in opposite directions and it is possible that this may account for the minimum 
observed in the series of moments recorded above. 

A somewhat analogous minimum occurs in the series of dicarboxylic esters examined 
by Smyth and Walls (J. Amer. Chem. Soc., 1931, 58, 531). Here the observed moment falls 
from diethyl malonate to diethyl] succinate, rises to diethyl glutarate, and thereafter changes 
little along the series. The possibility of free rotation about the C—C links of the carbon 
chain in diethyl succinate and its higher homologues presents an additional complication, 
but it is conceivable that the minimum possible moment of the molecule decreases on passing 
from diethyl malonate to diethyl succinate, and that thereafter, in diethyl glutarate and 
adipate, the freedom of rotation increases and so does the moment. The moment of diethyl 
malonate, 2-54, is greater than any of those reported in this paper and in this substance the 
carbethoxyl groups would be expected to be farthest apart. 

In order to gain further information respecting the above contingencies, the dipole 
moments of (a) a series of cyclic monocarboxylic esters and (b) a series of spiran diacetic 
esters in which the mutual influences of the polar groups should be less powerful than in the 
examples considered in the present paper, are now under investigation. 
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305. The Tautomerism of Phthalyl Bromide. 
By WILLIAM Davies, ARTHUR N. HAMBLY, and GEORGE S. C. SEMMENS. 


It has been shown (Dann, Davies, Hambly, Paul, and Semmens, this vol., p. 15) that 
phthaly] fluoride exists only in the acyclic form, whichisstable, whereas two isomeric forms of 
phthalyl chloride are known (Ott, Annalen, 1912, 392, 274). As in the phthalyl series the 
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presence of the small and light fluorine atom does not apparently favour tautomerism, the 
effect of the large and heavy bromine atom has been considered. 

Phthalyl bromide is obtained (a) by the action of phthalic anhydride in a sealed tube on 
a mixture of phosphorus penta- and tri-bromides, the latter being used as a solvent and 
also to reduce the pressure due to the dissociation of the pentabromide, and (5) by the action 
of dry hydrogen bromide on ordinary phthalyl chloride. The purified product in each case 
has m. p. 78—81° when rapidly taken, but the melting point is never sharp, and when very 
slowly taken is considerably lower than this. Unqualified references to “ phthalyl 
bromide ” apply to this crystalline form and not to any liquid or recently liquid forms of 
phthalyl bromide. The crystals, m. p. 78—81°, have the cyclic formula (I), and when 
kept in the molten state for a few minutes are converted into the acyclic form (II), the 
reverse change spontaneously taking place on cooling. It has not so far been possible to 
obtain the form (II) in a homogeneous crystalline state, but the liquid form at 90° is (II), 
and this structure persists for a short time when the liquid form is cooled to the ordinary 
temperature. Crystalline phthalyl bromide which has been heated to about 90° either 
alone or in the presence of solvents is remarkably slow in solidifying again on cooling, even 
in the presence of a small amount of the original bromide in a crystalline condition. The 
rate of crystallisation is also very variable. 


3 OBr Ss 
CO \COBr ‘CO 
(I.) (II.) (III.) 


Evidence for the constitution of phthalyl bromide and for the tautomeric change to the 
liquid form has been obtained in four ways. 

(1) By a study of the rate of the “ unimolecular ”’ reaction at 30° of excess of isopropyl 
alcohol with phthalyl bromide, terephthalyl bromide, benzoyl] chloride, benzoyl bromide, and 
acyclic phthalyl chloride. Phthalyl bromide is about one-sixth as reactive as acyclic 
phthalyl chloride (as II), whereas benzoyl bromide is about ninety times as reactive as 
benzoyl chloride. This indication of the lactonic structure of phthalyl bromide is supported 
by the extreme reactivity of terephthalyl bromide, which can exist only in the -COBr form. 

(2) By the change in the rate of reaction with isopropyl alcohol at 30° brought about 
through the previous heating of the bromide. Phthalyl bromide, after being heated at 
100° for 30 minutes and then kept at room temperature for 20 minutes, has its activity 
enormously increased, more than the first half of the curve almost overlapping the curve for 
terephthalyl bromide. When the cooling period is longer, the rate of reaction is decreased, 
and finally ordinary crystalline relatively inert phthalyl bromide is obtained from this 
active liquid form on prolonged cooling. A study of the respective reaction velocity curves 
in the figure shows that crystalline phthalyl bromide is (I), which changes to the active 
form (II) on heating, and the less active form is again slowly produced on cooling and long 
standing. It has not been found possible to follow the change from one form to the other 
in concentrated toluene solutions by means of refractive index determinations. 

(3) By parachor investigations of the structure of liquid phthalyl bromide. The 
parachor at 90° is 405-2, 405-3, whereas theory requires 390-2 for (I) and 404-9 for (II). 
It is evident that the liquid phthalyl bromide at 90° has the acyclic formula. The change 
to this form takes place in a few minutes and is apparently complete, whereas cyclic phthalyl 
chloride (Sugden, “‘ The Parachor and Valency,”’ p. 47) changes only very slowly to the 
acyclic form during parachor determinations at 90°. 

(4) By a study of chemical evidence, though some of this is not very decisive. The 
method of Pfeiffer (Ber., 1922, 55, 415) for discriminating between the two forms of phthalyl 
chloride is useless when applied to crystalline and liquid phthalyl bromides, and the method 
used by von Braun (zb7d., p. 1308) does not give very definite results (see p. 1313). These 
methods, which are recommended as useful in deciding the structure of phthalyl types, are 
both useless in elucidating the still unknown structure of the two phthalyl azides (Linde- 
mann and Schultheis, Annalen, 1928, 464, 244). The action of aluminium bromide on 
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crystalline phthalyl bromide is also not decisive. A reaction readily takes place, but the 
only substance which can be isolated (apart from phthalic anhydride), is phthalyl bromide 
identical with the original material. The regeneration of (I) is to be expected if the original 
bromide has this formula. The mere fact of a double compound being produced from 
aluminium halide and a diacyl halide is in itself no criterion of the formula of the latter ; 
e.g., both phthalyl chlorides and both chlorofumaryl and chloromaleyl chlorides form a 
double compound with aluminium chloride. 

The reaction or rather the rate of reaction with aniline is more decisive than the above 
chemical methods. Unheated, freely dissolved phthalyl bromide is very inert towards 
aniline in solution during the first few seconds, though on long standing the reaction is 
practically quantitative. Liquid phthalyl bromide, which has been heated for some time 
and then rapidly cooled, is very much more reactive than the unheated crystalline form. 
Owing to the experimental difficulties the quantitative results are very rough (p. 1313). 
However, all the chemical evidence available indicates that phthalyl bromide is (I) and the 
hot liquid form (II). 

A survey of what literature is available on the subject'of “ tautomerism ” involving 
halogen atoms shows that phthalyl bromide is one of the very few halogen compounds 
showing tautomerism without the intermediate use of metallic complexes formed with 
molecular quantities of inorganic halides (compare Kiister, Z. physikal. Chem., 1895, 18, 
161). The proof of reversible isomeric change is to be found in the different rates of reaction 
with isopropyl alcohol, which vary with the time of keeping the cool, previously heated 
form. Any catalyst, such as a trace of hydrogen bromide, can hardly be regarded as 
selective in the production of one form only, as is the presence of a large amount of 
aluminium chloride in bringing about the conversion of acyclic into cyclic phthalyl chloride, 
with which the aluminium chloride combines. Therefore, neither phthalyl chloride (Ott, 
Annalen, 1912, 392, 274) nor the chlorides of anthraquinonecarboxylic acids (Scholl, - 
Dehnert, and Wanka, Amnalen, 1932, 493, 56; Scholl, K. H. Meyer, and Winkler, Annalen, 
1932, 494, 201), which owe the existence of the second form to the action of aluminium 
chloride, have yet been proved to show tautomerism despite the claims of the respective 
authors. Definite instances of indubitable tautomerism involving the ‘‘ wandering ”’ of a 
halogen atom are provided by the two “ tetrachlorides ”’ of phthalic acid (Ott, Ber., 1922, 
55, 2115), and ethylene and ethylidene bromides (and some other related compounds), 
between which equilibrium is set up at temperatures above 300° (Sokownin and Zinewsky, 
Annalen, 1907, 354, 358). The two forms of phthalyl bromide seem more readily inter- 
convertible than the two forms of any other pair of tautomerides where halogen movement 
is in question. 

There seems to be an increasing tendency to tautomerism in the series phthalyl fluoride, 
chloride, and bromide. It may be an illustration of the Thorpe—Ingold valency deflexion 
hypothesis, and that increase in size of the substituents X on the CX, group in the ring 
(III) (or the presence of two CCl, groups in cyclic phthalic acid “‘ tetrachloride ’’) enhances 
the stability of the ring in which these groups occur. But it is much more probable that 
the tendency noted above is related to another trend. Staudinger and Anthes (Ber., 1913, 
46, 1417) show that the relative ease of hydrolysis of benzoyl chloride, bromide, and iodide 
with water is in that order. A comparison of the rates of reaction of benzoyl fluoride, 
chloride, and bromide with isopropyl alcohol (p. 1313) shows that benzoy] fluoride also agrees 
with the generalisation of increasing chemical activity with increasing atomic weight of 
the halogen. The probability that this order of chemical activity is related to the tendency 
to tautomerism in the phthalyl series is supported by a consideration of the azides of the 
two series. Benzoyl azide is much less reactive than benzoyl fluoride, and the two phthalyl 
azides (Lindemann and Schultheis, Joc. cit.) show no tendency to tautomerism or even 
isomeric rearrangement. From a consideration of these facts it is to be expected that 
phthalyl iodide should show the greatest ease of rearrangement, but this compound decom- 
poses vigorously almost as soon as formed. This work is, however, being continued. 

The investigation has shown that the size of the halogen atom in the phthaly]l series is 
not the cause of ease of tautomerism. The essential factor is apparently the chemical 
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activity of the halogen concerned, as shown, for example, with alcohols, and there can be 
no doubt that the ionising power of the halogen atom and the ease of tautomeric rearrange- 
ment are closely related in this series. 


EXPERIMENTAL. 


Preparation of Phthalyl Bromide.—(1) Phthalic anhydride (14-8 g.) and phosphorus penta- 
bromide (53 g.) are heated with phosphorus tribromide (95 g.), or a mixture of about 100 g. of 
the tribromide and oxybromide produced in previous experiments, in a sealed tube for 60 hours. 
The temperature is first kept at 100° for 24 hours, then gradually raised to 165°, and maintained 
during the final 30 hours at 160—165°. After cooling, the product, which is now at ordinary 
pressure, is filtered through glass wool and distilled. Phosphorus compounds distil below 
145°/24 mm., the next fraction consists of a mixture of phthalic anhydride and phthalyl 
bromide, and fairly pure phthalyl bromide (24 g.; 83%), b. p. 185—193°/24 mm., m. p. 65—75°, 
is obtained. Recrystallisation from light petroleum (b. p. 60—70°) gives the pure bromide in 
prisms, m. p. 78—81°. 

The temperature recorded for the heating of the sealed tube must be carefully observed. 
Heating at 100°, rising gradually to 140°, for 82 hours, leaves the phthalic anhydride largely 
unchanged; if the heating is unduly prolonged, further bromination takes place; and if the 
temperature is too high, substitution in the nucleus occurs, as is shown by the formation of 
hydrogen bromide and the presence of non-hydrolysable bromine in the organic material. 

(2) This is a more convenient method for the preparation in quantity of phthalyl bromide. 
Ordinary phthalyl chloride (203 g.; 1 mol.) is exposed at 150—160° to a stream of hydrogen 
bromide dried over phosphorus pentabromide, and the product soon acquires a bluish-green 
colour which is lost on distillation. After 28 hours the increase in weight is 65 g. instead of the 
theoretical 89 g., and, as further bromination is only very slowly brought about, it is advisable 
at this stage to distil the product through a column. A large initial fraction containing anhydride, 
unchanged chloride and possibly chlorobromide is obtained up to 134°/2 mm., and the remainder 
distils almost without residue at 134—142°/2 mm., in about 50% yield. The crystalline bromide 
has m. p. 78—81° when rapidly taken, though when slowly taken the m. p. is lower, and the 
bromide can even be liquefied by keeping it at 73° for 15 minutes. The crystalline bromide has 
b. p. (corr.) 191°/24 mm. and 134°/2 mm., d%" 1-809, and is identical (mixed m. p. determination) 
with the product from method (1). It is very soluble in benzene, and moderately soluble in 
cold light petroleum. When dissolved in high-boiling petroleum (b. p. 80—100° or higher), it 
tends to separate as an oil which takes many hours to solidify even after seeding with pure 
bromide. From low-boiling (below 70°) petroleum the substance separates as crystals much 
more rapidly. ; 

Analysis. The compound is very readily attacked by moist air, and it is difficult to prevent 
adventitious moisture forming phthalic anhydride in the process of crystallisation and drying. 
The amount of phthalic anhydride, when appreciable, can be determined by hydrolysis of the 
bromide with excess of standard sodium hydroxide, and the bromine by titration of the neutral- 
ised solution after Mohr’s method, as well as by a Carius determination on the original bromide 
(Found: C, 32-2, 32-5; H, 1-35, 1-1; Br, 54:3; hydrolysis value, 18-55 c.c. NaOH solution. 
C,H,O,Br, requires C, 32-9; H, 1-4; Br, 54-7%; hydrolysis value, 18-7 c.c.). 

Reactions. Phthalyl bromide and aluminium bromide. Phthalyl bromide (20 g.) is melted 
and at once poured on powdered aluminium bromide (25 g.) at 40°. Heat is evolved, the 
product liquefies and is well shaken and after being kept at 100° for 14 hours is obtained as a 
brown oil which on cooling readily solidifies. Whilst still warm it is poured on ice, and the ice 
and organic matter are ground together, extracted with benzene, and dried with sodium sulphate. 
The benzene after filtration is removed at 30°, and phthalyl bromide is obtained which after 
recrystallisation has m. p. 78—81° and seems identical with the original compound. A similar 
result is obtained by varying the proportion of aluminium bromide, and varying the time of 
heating the mixture from 14 to 15 hours. In all cases the phthalyl bromide is largely converted 
into phthalic anhydride even when a mixture of calcium bromide and ice in a freezing mixture 
is used to decompose the aluminium bromide double compound. 

With regard to the following reactions the term “ phthalyl bromide” refers to material 
which has been solid for several weeks at room temperature. 

Phthalyl bromide on exposure to air is readily converted into phthalic anhydride. A solution 
of phthalyl bromide in benzene, when mixed with excess of concentrated ammonia solution and 
kept over-night at room temperature, gives on acidification a large yield of o-cyanobenzoic acid, 
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which without further crystallisation melts at 183—185° and is thereby converted into phthal- 
imide. Similarly phthalyl bromide on warming with aniline in benzene during an hour gives an 
almost quantitative yield of phthalyldianilide, m. p. 253—255° after washing with benzene, 
alcohol, and water. 

The treatment of phthalyl bromide immediately preceding the reaction with aniline causes 
great variation in the rate of this reaction. An almost saturated solution of phthalyl bromide 
in toluene (solution A) made in the cold and kept cold, gives merely a faint cloud with excess of 
aniline in toluene (solution B) during the first 15 seconds, and quite a slight precipitate in 60 
seconds, although the precipitate becomes very copious in the course of afew minutes. Solution 
A, at any rate during the first minute of reaction when mixed with solution B, gives a smaller 
precipitate than does an equimolecular proportion of phthalic anhydride under the same 
conditions. 

When solution A is heated in a sealed tube at 100° for 2 hours, and then rapidly cooled to 
room temperature, it fumes much more than before heating. Moreover, such a rapidly cooled 
solution, when poured into solution B, gives a much larger precipitate than was formed without 
the previous heating. The method does not lend itself to refined quantitative comparison, 
owing to the rate of filtration, and consequently the time of reaction in the two Gooch crucibles, 
being subject to great variation in the twocases. The point at issue has been proved in a number 
of experiments; e.g., when the time of cooling the heated solution A to room temperature is 
3 minutes, the ratio of the weights of the precipitates produced by comparable amounts of 
previously heated, and always cold solutions are about 50 in a reaction period of 15 seconds, and 
5 in a reaction period of 60 seconds. : 

Solution A with the product obtained from carbon disulphide and piperidine in ether (von 
Braun, Joc. cit.) gives a faint yellow. Solution A, heated and cooled, gives a deeper yellow, but 
in both cases the colour disappears in half an hour. The method Pfeiffer (Joc. cit.) uses to 
discriminate between the two forms of phthalyl chloride fails with phthalyl bromide when 
acenaphthene or guaiacol is used. 

A concentrated solution of phthalyl bromide in toluene, when made in the cold, has a green 
colour which slowly disappears on heating. The change, if any, which occurs in a cold solution 
in toluene has not yet been closely studied. 

Preparation and Purification of Reagents for Rate of Reaction Measurements.—Benzoyl 
chloride, corr. b. p. 196-2—196-5°/761-3 mm., and benzoyl bromide, corr. b. p. 218—219°/761-7 
mm., analytically pure, are obtained by fractionation of Kahlbaum’s reagents. Terephthalyl 
bromide is made practically quantitatively by exposing the chloride (m. p. 81°) toa stream of dry 
hydrogen bromide at 150—160° for 30 hours. It is purified by distillation and crystallisation 
from petroleum (b. p. 80—100°), from which it separates in large prisms., m. p. 84—85°. After 
being kept in a sealed tube for a few months, the colourless crystals turn brown on the surface 
in a few minutes when the tube is opened, as though some slight decomposition had occurred 
(Found: Br, 54-9; hydrolysis value, 7-56 c.c. C,H,O,Br, requires Br, 54-75%; hydrolysis 
value, 7-61 c.c.). Reference is made to the previous paper on phthaly] fluoride for particulars of 
the purification and preparation of other acid halides used. The small quantity of phthalic 
anhydride present in the phthalyl bromide and acyclic phthalyl chloride used was estimated by 
means of their hydrolysis value and halogen content, and is allowed for in weighing out the 
materials for reaction velocity measurements. 

Rates of Reaction of isoPropyl Alcohol with Phthalyl Bromide and Related Compounds.—The 
procedure adopted is that described in connexion with phthalyl fluoride (loc. cit.). The con- 
centration in all cases is 1/12-5 g.-atom of halogen per 1000 g. of isopropyl alcohol, and the 
temperature is 30-0°. The velocity constants recorded are determined from the unimolecular 
reaction k = 1/t. logy, a/(a — x), where ¢ is measured in minutes. 

k for benzoyl fluoride is 5-1 x 10-*, for benzoyl chloride (see Fig:, curve 2) 2-64 x 10°, and 
for benzoyl bromide 2-43 x 10, i.e., the bromide reacts about 90 times faster than the chloride. 
Now, if phthalyl bromide has the same type of structure (II) as acyclic chloride, a roughly similar 
ratio is to be expected between their reaction rates with zsopropylalcohol. & for phthalyl bromide 
is 1-6 x 10°, and for acyclic phthalyl chloride 0-93 x 10~,* 7.e., the chloride is about 6 times 
more reactive than the bromide (see Fig., curves 3 and 1 respectively). This complete reversal 
of the order of activity indicates that the halides are of different types, 7.e., the bromide is cyclic. 
Further, making the assumption that the ratio of the reaction constants for the benzoyl and 


* The value 9°93 x 10-* given for this constant (Dann, et alii, loc. cit., p. 19) is a misprint for the 
above value 0°93 x 10°, 
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phthalyl halides are strictly applicable, k for phthalyl bromide is 1/90 x 6 or 0-00185 of that 
expected if phthalyl bromide is acyclic. This compares closely with the ratio * (0-00179) of the 
reactivity of cyclic to acyclic phthalyl chloride. 

The curve (6) for benzoyl bromide overlaps that for terephthalyl bromide, and as over 90% 
of the reaction in each case is complete in less than 5 minutes, it is impossible to determine k or 
the curve accurately. The great contrast between the curves (1) and (6) makes it very improbable 
that phthalyl bromide has the *COBr form. 

The Conversion of Phthalyl Bromide into a More Reactive Liquid Form.—A specimen of the 
above investigated phthalyl bromide is weighed into a thin-walled glass tube, which is then 
sealed, immersed in boiling water for 30 minutes, dried by wiping, and kept in a desiccator at 
room temperature for 20 minutes. The tube, in which the bromide is still liquid, is then broken 
in a flask containing sufficient isopropyl alcohol at 30° to make the solution contain 1/12-5 
g.-atom of bromine per 1000 g. of alcohol. Samples are withdrawn for titration in the usual 
manner, and the curve (5) for liquid phthalyl bromide A obtained. Curve (4) for liquid phthaly] 
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bromide B is obtained in exactly the same way, with the difference that the bromide, after being 
heated for 30 minutes, is kept at room temperature for 2 hours instead of 20 minutes. 

The curves show that the previous action of heat greatly increases the activity of the bromide. 
The speed of reaction is so great that, as with terephthalyl bromide (6), no points can be obtained 
on the curves (5 and 4) for “‘ activated ” phthalyl bromide until more than 50% of the reaction 
is completed. Consequently the curve for the first part of the reaction cannot be exactly 
ascertained. 

The change from inactive solid phthalyl bromide to active liquid phthalyl bromide is spon- 
taneously reversible on cooling to the ordinary temperature. Curves (5) and (4) show that the 
“‘ activated ”’ phthalyl bromide loses its activity the longer it is cooled. The complete reversal 
is shown by the liquid phthalyl bromide solidifying at the ordinary temperature (in times varying 
from a few hours to several weeks) to form crystalline phthalyl bromide, which is identical in 
reactivity, m. p., and appearance with the original material. All the solid phthalyl bromide 
used in this investigation had not only been liquefied but distilled, and consequently must have 
been converted into the more reactive form. The product obtained by distillation, even at 


* This ratio is obtained as follows: Since at 30° phthalyl fluoride with methyl alcohol gives /, 
5°2 x 10°, and with isopropyl alcohol k, 5°2 x 10°; and since cyclic phthalyl chloride with methyl 
alcohol gives 4, 1°7 x 10-*, and acyclic phthalyl chloride with isopropyl alcohol gives #, 0°93 x 10°*; 
then, on obvious and probable assumptions, the desired ratio of the activity constants of cyclic to 
acyclic phthalyl chloride with methyl alcohol at 30° is k3k,/k,k,, that is, 000179. 
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temperatures as high as 200°, generally forms crystalline phthalyl bromide much more quickly 
than solid phthalyl bromide which has been reconverted into the active form by heating to 100° 
only. The sluggishness of crystallisation of phthalyl bromide is in marked contrast to the 
behaviour of terephthalyl bromide. 

Determination of the Parachor of Phthalyl Bromide.—The experiments are carried out in the 
way previously described for phthalyl fluoride. The middle part of a large fraction of phthalyl 
bromide is taken and maintained solid at the ordinary temperature for several weeks, and the 
density and parachor determinations are made at 90°, i.e., under conditions which allow trans- 
formation of the bromide. The density is difficult to determine without a trace of phthalic 


anhydride being formed. 


Cell const. 
Temp. H, cm. x 10°. y, dynes/cm. D. [P] found. [P] calc. 
90° 6°183 7°337 39°53 1-809 405-2 390-2 for (I) 
90 6°227 7°307 39°64 1-807 405°3 404°9 for (II) 


The gauge factor is 838-8. 

These figures show that on melting and heating to 90° phthalyl bromide has the acyclic 
form (II). 

Attempt to prepare Phthalyl Iodide.—A regular stream of hydrogen iodide is made by dropping 
a solution of iodine on red phosphorus, and the gas dried by passage over red phosphorus and 
then calcium iodide. When dry hydrogen iodide is passed into acyclic phthalyl chloride at room 
temperature or at 0°, the liquid immediately becomes brown, and after 15—30 minutes violent 
decomposition occurs with the evolution of iodine vapour and much heat. 


SUMMARY. 


Crystalline phthalyl bromide has been made in two ways, and a study of its rates of 
reaction with isopropyl alcohol shows it to have the cyclic formula. When melted and 
heated to 90°, phthalyl bromide exists as the acyclic compound, as is shown by parachor , 
determinations and the rate of reaction with isopropyl alcohol and aniline. The two forms 


are tautomeric. 


The authors gratefully acknowledge a grant from the Trustees of the Commonwealth Science 
and Industry Endowment Fund, and also the assistance of Mr. H. G. Poole in the preparation 
of phthalyl bromide. 
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306. The Reaction between Hydrogen Iodide and Chlorine. 
By Ronatp B. Mooney and Hucu G. REIb. 


HyYDROGEN iodide reacts readily with chlorine, giving hydrogen chloride and iodine. 
Iodine monochloride, which also reacts rapidly with hydrogen iodide, is probably formed as 


an intermediate : 
HI + Cl,—> HCl+ ICl+ 2lkg-cal.. . . . . . (2) 


HI + ICL—> HCl+1,+20kg-cal. . . . . . . (2) 


The rate of reaction corresponds to heats of activation E less than 5-5 kg.-cal. for (1) and 
(2). Recent theoretical work would appear to require considerably higher values of E for 
homogeneous bimolecular reactions of this type (London, Z. Elektrochem., 1929, 35, 552; 
Eyring, J. Amer. Chem. Soc., 1931, 58, 2537). In particular, from considerations of nuclear 
separation and collision diameters, reactions (1) and (2) would be expected to have greater 
heats of activation than the reaction I, + Cl, > 2ICl (Franck and Rabinowitsch, Z. 
Elektrochem., 1930, 36, 794). The latter has, however, E > 15 kg.-cal., which means that 
(1) and (2) are at least 10° times faster than theory predicts. 


Reaction in the Gas Phase.—Austen, and Longinescu and Theodosiu state that a flame is 
produced when a jet of chlorine is introduced into hydrogen iodide (Amer. Chem. J., 1889, 11, 
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270; Bul. Soc. Roména Stiin., 1923, 26, 19). We have confirmed this, but believe the initiation 
of flame to depend on the presence of red phosphorus or phosphonium iodide. When we pre- 
pared hydrogen iodide from phosphoric oxide and concentrated hydriodic acid, and removed 
phosphonium iodide by passage through a trap at — 30°, no flame was produced, but there was 
always instantaneous formation of iodine vapour. Unsuccessful attempts were made to start 
the flame in pure hydrogen iodide by means of charcoal and manganese dioxide catalysts, which 
are effective in initiating the chlorine—-hydrogen sulphide flame (Ludlam and Ritchie, unpub- 
lished work). Silica gel was also without effect, but we succeeded in starting the flame with a 
trace of red phosphorus, which burns in chlorine. 

Some experiments were carried out in which jets of chlorine and hydrogen iodide reacted in 
the absence of any surface. In a preliminary experiment in a fume chamber, the colour of 
iodine was immediately produced where the gas streams crossed. In the second experiment 
we used a 250 c.c. bulb through which dry nitrogen was rapidly passed. Two jets were sealed 
into the bulb, one being mounted eccentrically on a ground joint so that its position could be 
adjusted. The chlorine and hydrogen iodide were stored at — 78° in wash-bottles, and carried 
over phosphoric oxide to the jets in a stream of nitrogen. It was evident from the precipitation 
of small iodine crystals in the gas phase that the reaction proceeded in the body of the gas. 
There was much turbulence in the bulb, and the iodine which was blown between the jets and 
the walls made it impossible to see where the reaction started. Ina third experiment a 12-litre 
tin box served as reaction vessel. A thick layer of phosphoric oxide was spread over the bottom, 
and jets for dry air, hydrogen iodide, and chlorine passed through the sides. The gases were 
pumped away throughafourthtube. The reaction was observed through a glass window waxed 
on to the lid. Although some difficulty was found in starting the gas streams simultaneously, 
in favourable cases the development of iodine coloration could clearly be seen to start at the 
junction of the hydrogen iodide and chlorine streams, more than 3 cm. from the nearest solid 
surface. 

Reaction in Solution in Inert Solvents—When solutions of hydrogen iodide and chlorine in 
carbon tetrachloride are mixed, the appearance of iodine coloration is instantaneous. If chlorine 
is in excess, this rapid reaction is followed by slow formation of iodine mono- or tri-chloride. In 


order to measure the velocity of the rapid reaction, the apparatus shown in Fig. la wasconstructed. 


A and B are wash-bottles in which solutions of hydrogen iodide and chlorine in sulphur-free 
carbon tetrachloride are stored over phosphoric oxide. In C the pure solvent is similarly stored. 
Liquid from the wash-bottles can be sucked up into the 250 c.c. bulbs A’, B’, C’. By opening 
tap D to the atmosphere the solutions can be forced to mix at M. Pure carbon tetrachloride 
flows down the central capillary E (Fig. 1b) while the solutions flow through, F and G, which 
can be connected to or shut off from A’ and B’ by rotating the ground joint at M. This 
joint, like all the taps, is ungreased. When wet with carbon tetrachloride it is quite transparent, 
and the change of colour of the liquid flowing down the capillary E can be followed from the 
point of mixing. F and G (1 mm. diam.) are bored tangential to E (2 mm. diam.) in order to 
promote rapid mixing (compare Hartridge and Roughton, Proc. Roy. Soc., 1923, A, 104, 376). 
Tap H controls the proportion of pure solvent and solutions flowing into E. 

Most of our experiments with this apparatus were made with the liquid flowing through E at 
a velocity of 120 cm. per sec. Under these conditions, with initial concentrations of hydrogen 
iodide and chlorine in the mixed solutions varying from 0-05M to 0-0005M, the reaction was half 
complete in about 1 cm. (0-0085 sec.). Experiments with iodine solution in A’ and carbon 
tetrachloride in B’ and C’ showed that this apparent delay represents the time required for the 
solutions to mix. The value 0-0085 second is therefore an upper limit only for the time of 
half-reaction. When iodine monochloride was substituted for chlorine in B, the same value was 
obtained. These results allow an upper limit to be calculated for the energy of activation of 
reactions (1) and (2). The collision frequency. for the dissolved molecules being assumed the 
same as in the gas phase, the collision efficiency is found to be > 2-6 x 10 at room temperature. 
E is therefore < 7-6 kg.-cal. 

The reaction is too fast to be accounted for by the mechanism 2HI + Cl,——> 2HCI + I,. 
With 0-0005M solutions the calculated time for half-reaction would be 0-01—0-1 second, 
assuming that every ternary collision 2HI + Cl, led to reaction. This compares with the 
observed time of < 0-01 second. The iodine colour which developed with more dilute solutions 
was too faint to allow the capillary apparatus to be used. Test-tube experiments in which dry 
solutions of hydrogen iodide and chlorine (10“M and 5 x 105M respectively) were employed 
gave reaction in less than 0-2 second, against a calculated time 2—20 seconds. The uncertainty 
in calculated times arises from the uncertainty in the ratio ternary/binary collisions (taken as 
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10-* to 10 at atmospheric pressure). The number of ternary collisions is barely sufficient to 
maintain the observed rate, even if there is no orientation factor to limit the number of fruitful 
collisions, and zero heat of activation. Both of these conditions are most improbable in a reaction 
involving the breaking of three bonds and the formation of three others. During the observed 
reaction time, the molecules of hydrogen iodide and chlorine could diffuse a distance of a few 
hundredths of a mm. only through the solvent. Reaction at the glass surfaces is therefore out 
of the question. 

Reaction between Dry Solutions in Sealed Tubes.—In order to make sure that the rapid 
reaction described above was not dependent on the presence of traces of moisture, solutions 
of hydrogen iodide and chlorine in carbon tetrachloride (approx. 10-*M) were distilled through a 
packed column of phosphoric oxide in an evacuated all-glass apparatus into tubes of the type 
shown in Fig. 2. The solutions were mixed by breaking the thin end of the inner tube. In 
another series of experiments the solutions were sealed off in contact with phosphoric oxide, 
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kept for some hours, and mixed as before. Immediate appearance of iodine was always observed. 
Thus there is no possibility of accounting for the low heat of activation by an ionic mechanism 
I’ + Cl, —> IC1 + Cl’. 

The above experiments were all carried out at room temperature. The reaction has also 
been studied in solutions cooled with carbon dioxide snow or pentane + liquid air. Hexane 
and isopentane were used as solvents instead of carbon tetrachloride because of their lower 
freezing points. After the solutions had been distilled through phosphoric oxide as before, the 
tubes were sealed off and cooled to — 78° (solvent hexane) or — 110° (solvent isopentane). 
When the solutions were mixed, immediate reaction was always observed. The time required 
for half-reaction was certainly less than 0-2 second. This leads to a value E < 5-5 kg.-cal. as 
an upper limit for the heat of activation of the bimolecular reactions (1) and (2). 

The experiments at low temperatures show that the high reaction rate is not maintained by 
a chain mechanism in which the initial step requires considerable activation energy: e.g., the 
reaction might be imagined to proceed by a chain of ternary collisions involving chlorine atoms : 
Cl + HI + Cl,—>CIH + IC1+ Cl. All homogeneous reactions, however, leading to the 
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production of chlorine atoms from the system HI + Cl, require more than 9 kg.-cal. activation, 
and could not supply sufficient chlorine to give the observed velocity at — 110°. 

That the initiation of such chains at a surface (as in the reaction of Alyea and Haber, Z. 
physikal. Chem., 1930, 10, 193) can in this case be neglected, follows from the experiments with 
gaseous hydrogen iodide and chlorine in the absence of walls. 


DISCUSSION. 


It is concluded from the above experiments that the reaction of chlorine with hydrogen 
iodide is homogeneous and bimolecular, proceeding in the two stages HI + Cl, —> HCl + 
ICl; HI + ICl—~> HCl +1I,. Both stages have heats of activation less than 5-5 kg.-cal. 

Two alternative mechanisms are, however, not excluded by these experiments, and may 
be responsible for the low value of E. -Ternary collisions of the type HI + Cl, + M (Many 
molecule) could lead to HCl + ICI either directly or by way of an intermediate addition 
compound HICl,. Our measurements of the reaction in solution do not exclude a mechan- 
ism involving this kind of ternary collision, owing to the large concentration of solvent 
molecules. The work of Jost (Z. physikal. Chem., 1931, 14, 413) on the analogous reaction 
between hydrogen bromide and chlorine at low pressures shows that such a mechanism 
would require a very low heat of activation (< 2 kg.-cal. for HBr + Cl,) to account for the 
observed rate. Jost regarded as improbable such a low value of E, and hence preferred the 
bimolecular mechanism, for which he gives E < 9kg.-cal. The theoretical objection to a 
low value of E is, however, not so strong for a ternary mechanism, and the question must 
be left to be decided by experiments at lower pressures than those Jost used. 

The formation in binary collisions of an unquantised molecule HICI,, and its subsequent 
breakdown to HCl + ICI, would be expected to require the same activation as the reaction 
leading directly to HCl + ICl. The production of such an addition compound, not neces- 
sarily stable, is essentially the step requiring activation in a bimolecular exchange reaction 
according to London’s theory. It cannot therefore account for the abnormally low 
activation of reactions (1) and (2). 

When chlorine burns in hydrogen iodide with the production of flame, the mechanism 
is probably quite different from that of the normal reaction which we have been discussing. 
Once a flame is started, the hydrogen iodide in the immediate neighbourhood will be largely 
dissociated into hydrogen and iodine, and what is observed may be the well-known flame of 


chlorine burning in hydrogen. 


UNIVERSITY OF EDINBURGH. [Received, August 3rd, 1932.] 





307. The Reactions between Hydrogen Iodide and the Cyanogen 
Halides. 


By Ronatp B. Mooney and Hueu G. REI. 


THE present paper deals with the reactions between hydrogen iodide and cyanogen chloride, 
bromide, and iodide : 
2HI + CICN —> HC1+ HCN+1,+ 20kg-cal.. . . . (1) 
2HI + BrCN —> HBr + HCN + I1,+ 21 kg.-cal.. . . . (2) 
HI + ICN —> HCN +1,+ 12kg.-cal. . . . . . . (8) 
Like the reactions of the preceding paper, reactions (1) and (2) probably go in two stages, 
V1Z., 


HI + CICN—> HC1+ICN+8kg-cal. . . . . . (4) 
HI + BrCN —> HBr+ICN+9kg-cal.. . . . . (5) 


followed by (3). There is also the possibility of intermediate formation of iodine mono- 
chloride and monobromide : 





Hydrogen Iodide and the Cyanogen Halides. 


HI + CICN —> HCN + ICI + 0 kg.-cal. 
followed by HI + ICl—> HCl + I, + 20kg.-cal.. . 
and HI + BrCN —>» HCN -+ IBr + 10°5 kg.-cal. 
followed by HI + IBr —> HBr + I, + 10-5 kg.-cal. 


The heats of reaction in equations (1)—(9) are based on the following heats of dissociation : 
HCN, 97 kg.-cal. (Badger and Binder, Physical Rev., 1931, 37, 800); CICN, 75; ICN, 52 
(Badger and Woo, J. Amer. Chem. Soc., 1931, 58, 2572); BrCN, 59 (from the heat of dis- 
sociation of the C-Br linkage in aliphatic compounds; Eucken, “‘ Lehrbuch der chemischen 
Physik,” p. 882). 

The reactions have been studied in solution in carbon tetrachloride. The free iodine 
which is formed in every case allows the reactions to be followed colorimetrically. Hydrogen 
iodide and cyanogen iodide were found to react almost as rapidly as hydrogen iodide and 
the halogens, the reaction going to half completion in 0-02 second with concentrations 0-001 
molar. Cyanogen bromide and cyanogen chloride are less reactive, the time for half 
reaction in dry solutions being of the order of minutes and hours respectively. Reaction (1) 
has also been followed manometrically in the gas phase. The reaction between cyanogen 
and hydrogen iodide has not been studied in detail, but it proceeds at approximately the 
same rate as (1). ’ 


Reactions in Solution.—(a) Cyanogen iodide. Solutions of hydrogen iodide were made by 
passing the gas (prepared by dropping concentrated hydriodic acid on phosphoric oxide in a 
round-bottomed wash-bottle) through a tube packed with phosphoric oxide and then into a 
wash-bottle filled with sulphur-free carbon tetrachloride. The saturated solution was diluted, 
and stored in contact with phosphoric oxide. The iodine which gradually formed by oxidation 
of hydrogen iodide was removed by means of mercury or silver foil, and the solutions were 
titrated with sodium hydroxide before dilution to the concentrations required for the experi- 
ments. Cyanogen iodide was obtained from laboratory stock, and was recrystallised from 
carbon tetrachloride after removal of iodine with mercury. Solutions approx. M/100 of cyanogen 
iodide in carbon tetrachloride were made up from a weighed amount of cyanogen iodide and 
diluted to the required concentrations. The decomposition of cyanogen iodide according to the 
balanced equation 2ICN == C,N, + I, was not fast enough to be troublesome. 

Preliminary experiments, in which the solutions of hydrogen iodide and cyanogen iodide 
were mixed in test-tubes, gave instantaneous reaction. In order to eliminate any effects due to 
moisture the experiment was repeated with solutions (approx. 10 M) which had been dried by 
standing for 2 hours in contact with phosphoric oxide. The dry solutions were rapidly mixed 
by shaking a thin glass bulb containing hydrogen iodide solution and phosphoric oxide in an 
outer tube containing cyanogen iodide solution and phosphoric oxide (see Fig. 2 in the preceding 
paper). No delay in the appearance of iodine colour was observed. The rapid reaction between 
hydrogen iodide and cyanogen iodide is therefore independent of the presence of water molecules. 
Although very fast, it is, however, definitely slower than the reactions between hydrogen iodide 
and the halogens. This was shown by measurements at room temperature with the capillary 
apparatus illustrated in Fig. 1 of the preceding paper. The reaction with cyanogen iodide, 
unlike the reactions with the halogens, proved slow enough to be measurable with this apparatus. 
The measurements were made in the following way. The rate of flow of the mixed liquid along 
the capillary E was found to be 53 cm. per second. One cm. of E corresponded therefore to 
1:9 x 10-* second. The relative volumes of hydrogen iodide solution, cyanogen iodide solution, 
and pure carbon tetrachloride (from bulb B’) flowing into the capillary were determined by filling 
bulbs A’ and C’ successively with iodine solution of known concentration (B’ and C’, or B’ and 
A’ being filled with the pure solvent) and titrating the mixed liquid after it had passed through 
the reaction tube. The concentrations of hydrogen iodide and cyanogen iodide before they 
entered the capillary being known, it was thus possible to calculate the concentrations in the 
mixed liquid at the beginning of the reaction. For several different initial concentrations of 
hydrogen iodide and cyanogen iodide, observations were made of the distance between the point 
of mixing and the point along the capillary at which the depth of iodine colour was that corre- 
sponding to half-reaction. This distance, multiplied by the factor 1-9 x 10-*, gave +, the time 
of half-reaction in seconds. The distance of half-colour was determined by comparison with an 
iodine solution of the corresponding concentration contained in a capillary of the same glass and 
dimensions as the reaction tube and mounted alongside it. 
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The results are in Table I. The first two columns give the initial concentrations of hydrogen 
iodide and cyanogen iodide in the mixed solutions. Column 3 gives the corresponding value of 
+t. In column 4 are given values of the velocity constant k, calculated from + on the assumption 


TABLE I. 


Reaction HI + ICN —> HCN + I, im CCl, Solution at Room Temperature. 
(HI), [ICN], (HI), [ICN], 

g.-mol./litre. g.-mol./litre. +. 10? sec. &. tit g.-mol./litre. g.-mol./litre. +.10?sec. k.1 

0-0006 0°0017 2°3 0°0011 0°0002 52 
0°0006 0-0008 4 ‘ 0-0016 0°0002 13°3 
0°0012 0-0008 2: . 0°0006 0:0008 6°6 
0°0012 0°0004 3° ‘ 0°0006 0°0004 4 5 
6 P on 
2 


0- 
3 
‘0 
‘7 
‘7 


0:0006 0°0004 16° Mean 


0°0057 0-0002 
that the reaction is bimolecular, and that the rate is given by the equation d{I,]/dt = k[HI}[ICN]. 


The relation between k and + is then k = Go In(2a — b)/a, where a is the greater and b the 
Tt 


— B)* 
lesser of the concentrations [HI] and [ICN]. It was not possible to work with a very large 
range of initial concentrations, because at high concentrations t was less than the time of mixing, 
and at low concentrations it became difficult to make accurate colour comparisons with the 
small thickness of liquid in the reaction tube (2 mm.). The somewhat large deviations of k from 
the mean value 1-6 x 10‘ are probably within the experimental error, when allowance is made 
for the difficulty of estimating the half-colour distance, and for the error due to neglecting the 
time of mixing. 

(b) Cyanogen bromide. Solutions of cyanogen bromide in carbon tetrachloride were made 
up from a stock of large well-formed crystals which had been prepared for absorption spectrum 
work. The concentration was determined by adding excess of hydrogen iodide and estimating 
the liberated iodine colorimetrically. 

When solutions of hydrogen iodide and cyanogen bromide were mixed in an open test-tube 
at room temperature, there was rapid development of iodine coloration. The reaction was not, 
however, instantaneous, as the reaction between hydrogen iodide and cyanogen iodide appeared 
to be under similar conditions. With concentrations approximately M/200, the development 
of iodine colour corresponding to half-reaction required about 30 seconds. This does not 
represent the true velocity of the reaction between hydrogen iodine and cyanogen bromide 
molecules, because the rate could be slowed down very much by drying the solutions with 
phosphoric oxide and excluding moist air from the reaction vessel. The catalytic effect of mois- 
ture was shown very clearly by an experiment in a reaction vessel divided into two compartments 
by a thin glass partition which could be smashed by means of a weighted glass hammer. Each 
compartment was connected by a side tube to bulbs which contained phosphoric oxide and 
hydrogen iodide or cyanogen bromide solution. The solutions were distilled in a vacuum into 
the two compartments of the reaction vessel, and the side tubes were then sealed off. When 
the solutions were mixed by breaking the partition, the glass cracked round the seal, with the 
result that moist air slowly leaked into the evacuated apparatus. For a few seconds after 
mixing, the liquid remained colourless, and then a rapid development of colour was observed in 
the top layer, which was in contact with the moist air that had leaked in. 

Some measurements were made of the rate of reaction in dry solutions. Known volumes of 
the two solutions were shaken with phosphoric oxide in stoppered test-tubes. The dry 
solutions were rapidly mixed in one test-tube, which was quickly restoppered and shaken 
vigorously, so that the oxide could remove any moisture introduced during the mixing operation. 
The progress of the reaction was followed colorimetrically by comparison with iodine solutions 
in test-tubes similar to that containing the reaction mixture. Under these conditions the time 
required for half-reaction was about 10 minutes, as compared with 30 seconds for the reaction 
in open tubes. The reactions were too rapid to allow of accurate colour comparisons being made 
in the early stages. The usual procedure was to note the time + required for the solution to 
develop the colour corresponding to half-reaction. The values of t were not very reproducible, 
perhaps owing to differences in the efficiency of drying the solutions. In Table II are tabulated 
values of + for different initial concentrations of hydrogen iodide and cyanogen bromide. The 
tabulated values are the mean of 2 or 3 separate experiments. Bimolecular velocity constants 
k were calculated on the assumption that the rate is determined by the comparatively slow 





Hydrogen Iodide and the Cyanogen Haltdes. 


TABLE II. 


Reaction 2HI + BrCN —> HBr + HCN -+ I, im CCl, at Room Temperature. 
(HI), g.-mol. /litre 0°0350 0:0050 0:0050 0:0050 0°0025 
[BrCN], g.-mol. /litre.... 0°0003 0:0025 0:0013 0-0006 0°0025 
160 490 850 1380 1230 
0°41 0°20 0°11 0°13 
(mean) 0-2 
reaction HI + BrCN —— HBr + ICN, and that this is followed by the rapid reaction HI + 
ICN —~> HCN + I1,. If a@and dare the initial concentrations of hydrogen iodide and cyanogen 

1 b(a — 2x) , 
iia — 2b) ab—x° °° 
calculate k from rt, ¢ is put equal to t and * = b/2 or a/4 according as a is greater or less than 
2b. In the special case a = 2b, k = 1/at. The mean value of & is seen from the table to be 
0-2 at room temperature, or about 10° times smaller than the velocity constant of the reaction 
between hydrogen iodide and cyanogen iodide. 

(c) Cyanogen chloride. The cyanogen chloride used was again part of a sample prepared for 
absorption spectrum measurements. Solutions were made up by distilling a quantity of the 
chloride into a wash-bottle containing carbon tetrachloride. The concentration of the solutions 
was determined by adding excess of N/100-sodium hydroxide and titrating back with N/100- 
sulphuric acid (Maugin and Simon, Compt. rend., 1919, 169, 385). 

Experiments in open test-tubes showed that cyanogen chloride was less reactive than the 
bromide towards hydrogen iodide, the time for half-reaction being a few hours. As in the case 


Fic, la. Fic. 1b. 





bromide, and x the concentration of iodine at time ¢, then k = 


s 

~ 

SS 
2 
Ss) 


I 


& 





«A 


Initial concentration. 





HT. 


D 


Curve. (g. mol. /litre). 


CLCN. 





2:2 x 1073 
2-:2x 10% 
22x 10% 


wW 


3-3 x 10" 
3-3x 1073 
3-3x Jo-# 





8x 10-4 
, 8x IQ0°4¢ 
L 1-6x 10°F 


R 
s 
S 
3 
& 
S 
cS) 
S 
S 
S 
2 
3 
NS 








d&> 


5x 103 
5x104 





1x 10-3 








‘g-mol. [litre). 
ww 


iN} 


™ 


Llodine conc.( 














o x x ae , 4 
en 

0 50 700 
Time, (hours). 








50 
Time, (hours). 
Fic. la.—Hydrogen iodide and cyanogen chloride in carbon tetrachloride at 14°. 
Fic. 1b.—Hydrogen iodide and cyanogen chloride in carbon tetrachloride at 25°. 


of cyanogen bromide, the rate was slowed down by using dry solutions. Experiments were 
carried out in blackened Jena bottles, the solutions being in contact with phosphoric oxide 
during the reaction. At suitable intervals 5 c.c. of solution were transferred to stoppered test- 
tubes, and the iodine content estimated colorimetrically. The results obtained with several 
different initial concentrations of hydrogen iodide and cyanogen chloride are shown graphically 
in Figs. la and 1b. Although the rate increases with the concentration of hydrogen iodide and 
of cyanogen chloride, the reaction does not obey a bimolecular law. Calculated constants, which 
lie for both temperatures in the range 10 to 10-*, tend to increase during a run, and dilute 
solutions give higher constants than concentrated solutions. 

Reaction in the Gas Phase.—The experiments with solutions indicated that the reactions of 
hydrogen iodide with cyanogen iodide and bromide were too rapid to be followed manometrically 
in the gas phase. The slower reaction with cyanogen chloride was therefore selected for investig- 
ation in the apparatus shown in Fig. 2. The glass spring gauge A, used as a null instrument, 
measured pressures to + 0-1 mm. _ The reaction vessel B (volume 150 c.c.) could be shut off 
from the gas storage systems and pumps by the ungreased ground joint D, the male part of which 
was weighted with mercury and could be raised or lowered by means of a platinum wire suspen- 
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sion, A and B were immersed in a water-filled Dewar vessel, which was fitted with a small 
heating coil and stirred by bubbles of compressed air. The side tube C (volume 3 c.c.) could be 
cooled to any required temperature to condense out iodine. It was usually kept at room 
temperature. Connexion was made to the pumps and gas reservoirs by the ground joints E 
and F, which allowed the reaction vessel to be dismounted and cleaned when necessary. 
Cyanogen chloride, distilled from phosphoric oxide, was stored at room temperature as a 
liquid. Hydrogen iodide was freed from moisture and phosphonium iodide, and stored in a 
blackened reservoir. The reaction was studied at temperatures 14° and 25°, with partial 
pressures of the reactants between 15 and 120mm. The decrease of pressure obtained when the 
reaction was allowed to go to completion was approximately three times as much as would be 
expected from the reaction 2HI + CICN —> HCl + HCN + I, (cryst.). The solid deposit, 
which appeared in A and B as well as in C, was light brown and quite unlike a deposit of iodine. 
This deposit lowered the efficiency of the valve D after a few runs had been made. It could not 
be removed from the glass by evacuation with a mercury diffusion pump. It was insoluble in 
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F Hydrogen iodide and cyanogen chloride in gas phase at 25°. 


\/ 





1 Initial pressure. 


HI. | CLUCN. 
53 mm. | 53mm. 
465 |46 

88 | 538-5 





Curve. 
































§ 8 





Pressure,(mm Hg). 


b&S 
S 





! l Ll 
0 0—COo20ti«SO?:S 
Time, (minutes). 


—) 





S 














a 


light petroleum or carbon tetrachloride, but readily soluble in water or alcohol. These proper- 
ties suggest that the deposit is formimide chloride, CH,NCl, produced by interaction of 
hydrogen chloride and hydrogen cyanide. The magnitude of the pressure change is therefore 
accounted for by the reaction 2HI + CICN —-> CH,NCI + I, (cryst.). 

The course of the reaction at 25° is shown in Fig. 3. The curves show a rapid initial pressure 
decrease, followed by a much slower linear portion. The marked “ break ’’ in the curves cannot 
be explained by assuming that the reaction HCl -+ HCN —-—> CH,NCI is much slower than 
2HI + CICN —-—> HCl + HCN + I,, as this would require the break to occur earlier than is 
observed. It is more likely that the production of formimide iodide, CH,NI, and consequent 
removal of hydrogen iodide from the gas phase, is the cause of the slowing-down. The final 
linear part of the curves would then correspond to slow interaction of cyanogen chloride with 
the “‘ bound ” hydrogen iodide in the surface deposit. Velocity constants calculated from the 
initial reaction rates were of the order 10 at 14° and 10° at 25°, but varied too much to allow 
an estimate of the temperature coefficient. 
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At 14° the gas reaction was roughly 20 times, and at 25° 100 times, as fast as in solution in 
carbon tetrachloride at comparable concentrations. The bimolecular constants for solutions 
did not show the falling-off characteristic of the gas reaction, but rather an increase. This is 
probably connected with the presence of the large surface of not absolutely dry phosphoric oxide. 
Water decomposes formimide iodide and would prevent the locking-up of hydrogen iodide 
which we believe to explain the peculiarities of the gas reaction. 

Heats of Activation.—If the reactions described above are homogeneous and proceed at rates 
governed by binary collisions between hydrogen iodide and cyanogen halide, the energy of 
activation of the rate-determining reactions (3), (4), and (5), or possibly (3), (6), and (8) can be 
calculated from the collision efficiencies. This leads to values 9, 15, and 18 kg.-cal. for the 
reactions of hydrogen iodide with cyanogen iodide, bromide, and chloride respectively. These 
values are lower limits in the case of the bromide and the chloride, since part of the observed 
velocity may be due to surface reaction. Consideration of diffusion rates shows, however, that 
the reaction with cyanogen iodide is too fast to be appreciably influenced in this way. The 
reactivity towards hydrogen iodide decreases in the order Cl,, ICN, BrCN, CICN. This is the 
same as the order which Polanyi and his collaborators find for the reaction with sodium atoms 
(Cosslett, Z. anorg. Chem., 1931, 201, 75). 


The authors are indebted to the Carnegie Trustees for a Research Fellowship awarded to 
R. B. M. 


UNIVERSITY OF EDINBURGH. [Received, August 5th, 1933.] 
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By F. G. CAuGHLEY and P. W. RoBERTSON. 


THE addition of halogens to organic compounds containing a double link has been studied 
in considerable detail (for references, see Williams and James, J., 1928, 343). Specially 
interesting is that of bromine to «-phenylcinnamonitrile (Bauer and Moser, Ber., 1907, 40, 


918) in carbon tetrachloride, a definite equilibrium dependent on the concentration being 
attained, as would be expected by analogy with a gas reaction of the second type. A 
corresponding reaction is that between allyl alcohol and iodine, 
CH,-CH-CH,°OH + I, = CH,I-CHI-CH,°OH, 

which in M/40-carbon tetrachloride solution gives an equilibrium of 70% of the addition 
product at 25°. This reaction has been investigated at various dilutions in carbon tetra- 
chloride, in other solutions, and at different temperatures, and the velocities have been 
determined in both directions in the dark and also in light. 


The allyl alcohol was repeatedly distilled with carbon tetrachloride to remove the last trace 
of water and finally boiled constantly at 97-0°/760 mm. The different solvents were specially 
purified and tested in particular for unsaturation by halogens. For the reactions in light there 
was an arbitrarily constant illumination from an electric lamp filtered through yellow glass. 
The reaction vessels were uniform and kept at a fixed distance from the source of illumination. 
The whole was contained in an insulated box where the temperature was constant at 24°. For 
the reaction in the dark, blackened bottles were used in a thermostat at 25°. The measurements 
at 50° were carried out in sealed glass tubes enclosed in light-proof containers filled with the 
liquid of the thermostat in which they were placed. 

The solutions of iodine and allyl alcohol were prepared by weighing the material to 1 mg. of 
the required amount and made up to the required volume in the cold. The original concen- 
tration of the reacting components was made 0-025 molar. On attaining the thermostat tem- 
perature equal quantities of the solutions were pipetted into the reaction vessel and immediately 
after mixing a sample was withdrawn and titrated with 0-01N-thiosulphate. This procedure 
was then repeated at appropriate intervals. 

For the investigation of the reverse action, di-iodopropy]l alcohol was prepared by the direct 
union of finely ground iodine and allyl alcohol (Hiibner and Lellmann, Ber., 1881, 14, 207), 
washed with dilute alkali solution and water, and rapidly dried on filter-paper, a portion made up 
in the required solvent, and the course of the reaction followed by titration of portions at intervals. 
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Williams and James (loc. cit.) found that the addition of halogens to unsaturated carbon 
compounds in solution proceeded by a mechanism which varied with the type of unsaturated 
compound involved. In some reactions there was catalysis by halogen ions and in others there 
was uncatalysed bimolecular addition. Polissar (J. Amer. Chem. Soc., 1930, 52, 956) found that 
in solution the action of iodine on ethylene was catalysed by iodine atoms at higher temperatures 
but not at lower temperatures. The present work shows that the action of iodine on allyl 
alcohol is reversible. If the simplest bimolecular and unimolecular mechanisms of the direct 
and the reverse reaction are assumed, the rate of formation of the addition compound is expressed 
as dx/dt = k,(a — x)* — kgx, where k, and k, are the velocity coefficients of the respective 
reactions, @ = initial concentration of the reacting compounds or compound, and *# = final 
concentration of the addition compound after time ¢. With the ratio k,/k, replaced by K, the 
equilibrium constant for the system, and the substitution of k,, this expression becomes 


ky = dx/dt.1/{(a — x)* — x/K}. 


An integration of this resulted in a cumbersome and unworkable expression. Therefore 
the term */K, which is comparatively small in the earlier stages of the direct reaction, was 
omitted and k, was calculated from the integration of the simplified expression, which is that of 
a reaction of the second order. The constancy of the results in the period after slight initial 
disturbances and before the reverse reaction became appreciable is an indication that the iodine 
is not acting catalytically. Moreover, calculation of the velocity coefficients for reactions of 
the order , where » = 3/2, 2, 5/2, and 3, gave the most constant results for » = 2. A further 
confirmation was obtained by employing the van ’t Hoff method for experiments at different 
concentrations in carbon tetrachloride. At a concentration of M/40 the time for a 20% change 
was 55 hours, and at M/80 the time was 117 hours, giving a value of m = 2-1. 

In the same way the reverse reaction, the decomposition of di-iodopropyl alcohol, is appar- 
ently unimolecular, although the falling off in the rate with time due to the opposing reaction 
is not so great as might be expected. In this change, then, it may be assumed that the iodine has a 
slight disturbing effect, which naturally becomes more marked as the decomposition proceeds 
and the iodine increases in amount. 

There follow tables showing the values of k, (n = 2), the direct reaction, and k, (v = 1), the 
reverse reaction; the concentrations are M/40 and the temperature 25°. 


TABLE I. 
Reaction in Carbon Tetrachloride Solution. 


Time, hrs. k, (dark). Time, hrs, &, (light). Time, hrs. &, (dark). Time, hrs. &, (light). 
44 0-093 2°86 41 0000434 8 0-00943 
55 0-092 2°17 119 0000444 19 0°00979 
116 0°108 1-75 453 0°000451 27 0°00867 
147 0°102 0°88 498 0-000425 42 0°00590 
400 0°096 0°58 598 0-000383 111 0°00266 
481 0°087 0°13 832 0:000369 488 0-00061 
549 0-084 1002 0°000315 
652 0°072 
820 0°060 
1008 0°050 
1510 0°027 
The experimental values showing the formation of the di-iodopropy] alcohol are plotted in Fig. 1. 
It is apparent that the equilibrium in the dark shows 72% formation of the addition com- 
pound, and in the light 75%, that is, almost the same within the limits of experimental error. In 
Table II are given the velocities in toluene solution and Fig. 2 shows the experimental values. 


TABLE II. 
Reaction in Toluene Solution. 


Time, hrs. k, (dark). Time, hrs. 2, (light). Time, hrs. k, (dark). Time, hrs. &, (light). 

23 0°0147 0°323 119 0-000238 23 0:00443 

75 0°0199 0-412 168 0-000242 5l 0°00437 
122 0°0159 0°384 454 0-000228 68 0°00475 
242 0°0244 0-322 498 0-000239 92 0:00440 
330 0°0208 0°255 647 0°000244 142 0°00346 
505 0°0233 0-165 1003 0°000260 237 0°00203 

1176 0°0152 0°125 
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Here again the equilibrium seems to be independent of the illumination, there being formed in 
the light 62% of the addition compound, which is the amount calculated for the dark reaction 
by extrapolation. 

The reaction has been studied also in benzene solution. The velocities in each direction are 
slower than in the other solvents, and the equilibrium value in the dark had to be calculated by 
extrapolation. The direct reaction in the dark shows a noticeable regularity, whereas the reverse 
reaction is accelerated slightly as it proceeds, possibly owing to the catalytic effect of the liberated 
iodine. In the light, however, the values of the velocity constant of the reverse reaction, after 
the initial disturbance, decrease regularly in accordance with expectation. This comparatively 
rapid falling off in k, (light) was noticed also for carbon tetrachloride, but not for toluene 
solution. 
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TABLE III. 
Reaction in Benzene Solution. 


Time, hrs. &, (dark). Time, ia k, (light). Time, hrs. k, (dark). Time, hrs. , (light). 

113 0:0098 0°65 170 0-000084 5 0:0081 
335 0°0094 0°62 329 0°000073 22 0°0118 
540 0-0099 0°69 496 0-000090 39 0:0109 
677 0-0098 0°69 647 0°000082 66 0°0071 
827 0°0092 0°60 834 0°000094 92 0°0055 
996 0°0097 0°46 1007 0°000114 142 0°0039 

1164 0°0086 0°27 226 0:0027 

1332 0°0089 0°15 


Similar results were obtained with hexane as a solvent. The average values of the reaction 
velocities and the equilibrium data for all four solvents are in Table IV. 


TABLE IV. 
Solvent Equi- Equi- 
(V = 20). ky (dark). k, (dark). librium, %. k, (light). k, (light). librium, %. 
0:00043 72 2°51 0°0376 75 
0°000085 66 0°65 0°0103 60 
0°00024 62 0°37 0°0045 60 
ae 74 pone ne ons 


It is seen that within the limits of experimental error the equilibrium is not affected by light, 
and does not vary greatly in the different solvents. In particular the behaviour in hexane is 
outstanding, with a velocity considerably greater than for the other solvents. This difference 
has little effect on the equilibrium, and is difficult to explain, as all the four solvents are non- 
polar compounds with low dielectric constants. 

The effect of change of volume on the equilibrium is shown in the following figures from 
reactions in carbon tetrachloride in the dark at 25° between iodine and allylalcohol. The value 
of K, the equilibrium constant, is calculated from the ee K = V,/(a — ¢)?, where ¢ is 
the equilibrium concentration of the addition compound. 





1326 The System Allyl Alcohol—Iodine—Di-iodopropyl Alcohol. 


TABLE V. 


Concentration M/80 M/160 M [320 
Equilibrium, % 65 56 42 
c 215 231 193 


The value of K can be calculated also from the relationship K = k,/k,, and the average result 
obtained from experiments at concentrations M/40 and M/80 was 205, which is in satisfactory 
agreement with the values in Table V. 

The values of the equilibrium constant have also been calculated by both methods for the 
other solvents, and the results are in Table VI. The carbon tetrachloride results are the average 
of different dilutions. 


TABLE VI. 
K (dark). K (light). 
k,/Re- Ve/(a — «)2. ky |e. Vel/(a — «). 
205 262 216 


88 82 77 
75 66 75 


When the nature of the experiments is taken into account, and more especially the difficulty 
of computing the true values of k, and fg, it is seen that the conclusion with regard to the 
influence of light on the equilibrium is confirmed. 

The reaction has also been examined at 50°, and Table VII gives the results for carbon 
tetrachloride solution at M /40 in the dark. 


TABLE VII. 
22 42 80 
0183 0-114 0°104 
329 742 1007 
000079 0-00073 0:00064 


It is seen that the rate of the direct reaction falls even before the effect of the opposed reaction 
should be appreciable. The mechanism seems therefore to be somewhat different from that at 
the lower temperature. The reverse reaction, on the other hand, shows an initial irregularity. 
The same equilibrium is reached in both reactions; it amounts to 49% iodo-alcohol formation, 
in comparison with 72% at 25°. The value of the equilibrium constant at 50° is 40, and if this 
result is used in the van ’t Hoff isochore for the two temperatures 25° and 50°, it can be calculated 
that the heat of the reaction CH,-CH-CH,°OH + I, ——> CH,I*CHI*CH,°OH has a value of 
-+ 12-3 Calories. J 


SUMMARY. 


(1) The dissociation of di-iodopropyl alcohol into allyl alcohol and iodine, and the 
reverse reaction, have been studied in carbon tetrachloride solution. 

(2) The system corresponds with a gas reaction of the second type: the dissociation at 
25°, which is 28% (V = 20), changes to 58% (V = 160) in accordance with the law of 
mass action. 

(3) The two reactions are greatly accelerated by light, but the equilibrium remains 
unaltered. 

(4) Solvents influence the rates of the opposing reactions, but have little effect on the 
final equilibrium. 

(5) A change of temperature from 25° to 50° increases the amount of dissociation from 
28% to 51% in carbon tetrachloride solution (V = 20). 

(6) The dissociation is unimolecular, and the reverse reaction bimolecular, and the 
reactions appear only slightly sensitive to catalytic disturbances, either in the light or in 
the dark. 


VICTORIA UNIVERSITY COLLEGE, WELLINGTON, N.Z. (Received, August 9th, 1933.] 
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309. The Constitution of the Supposed Aliphatic Keto-anils. 
By WIitrrip H. CLIFFE. 





KNOEVENAGEL and JAEGER (Ber., 1921,.54, 1723) stated that acetone and aniline interact 
in the presence of iodine to form a product which regenerates the parent substances on 
hydrolysis with dilute mineral acids and is therefore to be regarded as a true acetoneanil. 
Short and Watt (J., 1930, 2293) concluded that the anil is in tautomeric equilibrium with 
a large proportion of the corresponding enamine (>CH°C:N == >C°C-NH), a con- 
clusion criticised by von Auwers and Wunderling (Ber., 1932, 65, 70). Reddelien and 
Thurm (ibid., p. 1511) have stated that the supposed anil is a secondary base not hydrolysed 
by acid and is, in fact, 2 : 2 : 4-trimethyl-1 : 2-dihydroquinoline, a conclusion which has 
now oy accepted by Short (Murray, Short, and Stansfield, J. Amer. Chem. Soc., 1933, 
55, 2805). 

The present author commenced a reinvestigation of the work of Knoevenagel and 
Jaeger in 1930 and had reached a conclusion similar to that of Reddelien and Thurm : 
namely, that “‘ acetoneanil”’ and its homologues are secondary bases stable to acid 
hydrolysts. In consequence, many observations difficult to reconcile with the 
Knoevenagel formulation have been satisfactorily explained. 

What led the author to such a belief was primarily the ready formation of N-nitroso- 
compounds which are reducible to the initial bases. Further indications were afforded 
by the preparation of acetyl derivatives, substituted ureas with phenyl isocyanate, and 
by the reactions of the bases with alkyl magnesium halides, confirming the results de- 
scribed by Short and Watt. Yet it was considered that such results were not conclusive 
evidence, as the possibility of ready enolisation in presence of such reagents as acetic 
anhydride and methylmagnesium iodide was not excluded (compare Grignard and Savard, 
Compt. rend., 1924, 179, 1573; 1926, 182, 422). 

In order to devise a practicable method of establishing the constitution of “ neaninisi 
anil,” or of differentiating it from the structure assigned to it by Knoevenagel and Jaeger, 
only reactions of a mild character, and hence least likely to disturb a possibly mobile 
system, were held to be trustworthy. For example, the most direct evidence was sought 
by a comparison of the behaviours of “ acetoneanil,” methylaniline, and benzylidene- 
aniline on treatment with #-toluenediazonium chloride. Whereas “ acetoneanil” and 
methylaniline reacted smoothly with the formation of diazoamino-compounds, the true 
Schiff’s base remained unaffected under precisely the same conditions. Confirmatory 
evidence was available by comparative instantaneous brominations, since the enolising 
effect of bromine is generally accepted to be very slow. Equimolecular proportions of 
benzylideneaniline and “‘ acetoneanil ” in solution in methyl alcohol were brominated by 
very rapid addition of the halogen in the same solvent. The Schiff’s base was found to 
destroy three molecules of bromine. On the other hand, “ acetoneanil”’ and “ acetone- 
m-tolil’”’ destroyed quantities of bromine which, on the assumption that these compounds 
possessed the structure assigned to them by Knoevenagel and Jaeger, would correspond 
to four molecular proportions. Such results are quite inconsistent with the early formu- 
lation, though not inconsistent with the conclusions of Reddelien and Thurm. On the 
assumption that the formule proposed by Reddelien and Thurm are correct, the bromine 
destroyed corresponds to five molecular proportions, and the composition of the product 
from ‘‘ acetoneanil’’ corresponds to a dibromotrimethyldihydroquinoline dibromide (p. 
1329). 

In addition, the following results were difficult to reconcile with the Knoevenagel— 
Jaeger structure. ‘“‘ Acetone-m-chloroanil” and “acetone-f-chloroanil” (both well- 
crystallised solids) were found on analysis to contain chlorine contents in total disagree- 
ment with the calculated figures for a true acetonechloroanil. The figures, however, are 
in good accord with those calculated for a chloro-2 : 2 : 4-trimethyl-1 : 2-dihydroquinoline. 
Furthermore, reduction of the so-called acetone-m-chloroanil with sodium and butyl 
alcohol, and subsequent determination of the chloride, disclosed an amount more than 
26% below the expected, but in approximate agreement with that which would be required 
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by an assumption of the quinoline structure. All these results are in complete accordance 
with the conclusions of Reddelien and Thurm. 

It has been definitely demonstrated by Reddelien and Thurm that catalytic reduction 
of “‘ acetoneanil ’’ to the supposed tetramethylindoline is not accompanied by simultaneous 
formation of a molecular proportion of aniline, as was originally proclaimed by Knoevenagel 
and Jaeger. 

Similarly, the author has repeatedly failed to discover more than a small quantity of 
primary amine after reduction with sodium and alcohols, though its virtual absence was 
not regarded as very suggestive on account of the presence of resinous material which is 
invariably the result of reduction in such a manner. 

The aliphatic ‘“‘ keto-anils’”’ derived from methyl ethyl ketone have been examined 
for the sake of comparison. In the first instance Knoevenagel’s directions for the prepar- 
ation of ‘ethyl methyl ketoneanil’’ were accurately followed and repeated on many 
occasions, but the product was always found to contain 2-methyl-4-ethylquinoline, the 
formation of which was not recorded by Knoevenagel. In a similar manner a homologue 
of aniline with the same ketone yielded the corresponding homologue of this quinoline. 
The “‘ anils”” of the acetone series are known to lose methane fairly readily to pass into 
quinoline derivatives under the influence of condensing agents or by heating under pressure 
(Knoevenagel, Bahr, and Wagner, Ber., 1923, 56, 2414; D.R.-P. 363582 and 363583). 
In the methyl ethyl ketone series, however, the conversion appears to take place under 
conditions during which the “ anils ’’ from acetone are quite stable. Replacement of the 
iodine used as a catalyst in Knoevenagel’s preparation by sulphanilic acid partially or 
wholly obviates the production of the quinoline. The yield of “‘ anil,’’ however, is adversely 
affected by this weaker acid catalyst, and no reaction took place between methyl ethyl 
ketone and aniline in absence of a catalyst. Though separation of ‘“ anil’’ and quinoline 
may be effected by acetylation of the former and purification by repeated washing with 
dilute mineral acid, attempts to regenerate the pure base have proved fruitless, as hydrolysis 
of the acetyl compound—even by alkali—is sufficient to cause appreciable conversion 


into the quinoline. 
EXPERIMENTAL. 


2:2: 4-Trimethyl-1 : 2-dihydroquinoline (‘‘ acetoneanil ’’) was more conveniently prepared 
by a modification of Knoevenagel’s method. To equimolecular proportions of acetone and 
aniline containing 1% of iodine was added 10% of the combined weight of ligroin, in order 
that there might possibly be formed a ternary mixture with the water produced. The vapour 
was deprived of its moisture during the course of the reaction by contact with calcium carbide 
or chloride contained in a Soxhlet apparatus, and a rapid return of the condensed vapour was 
facilitated by short circuiting the syphoning arrangement of the apparatus. As a result, the 
time was reduced from 40 to 5 hours and the yield slightly raised. The “anil’”’ was a tri- 
boluminescent solid, b. p. 260°/762 mm. (Found : C, 82-6; H, 8-8; N, 7-8. Calc. for C,,H,,;N : 
C, 83-2; H, 8-7; N, 81%. Calc. for C,SH,,N: C, 81-2; H, 8-3; N, 10-5%). 

1-Acetyl-2 : 2 : 4-trimethyl-1 : 2-dihydroquinoline  (‘‘ Acetylacetoneanil’’)—A_ solution of 
“‘ acetoneanil ”’ (1 pt.) in acetic anhydride (2 pts.) was boiled for 4 hour and poured after cooling 
into excess of sodium carbonate solution. The pale brown crust which quickly formed was 
collected, washed, dried in a vacuum (yield, almost theoretical), and crystallised from light 
petroleum, forming colourless plates, or distilled; m. p. 54° (Reddelien and Thurm gave 53°), 
b. p. 174—175°/23 mm. (Found: C, 78-5; H, 8-0; N, 6-6. Calc. for C,,H,,ON: C, 78:1; 
H, 7-9; N, 65%. Calc. for C,,H,,;ON : C, 75-4; H, 7-4; N, 80%). It was rapidly hydrolysed 
by boiling dilute hydrochloric acid. An attempt to acetylate the “ anil’’ by the method of 
Chattaway (J., 1931, 2495) was unsuccessful. 

1-Phenylcarbamyl-2 : 2 : 4-trimethyl-1 : 2-dihydroquinoline.—A solution of equimolecular pro- 
portions of “‘ acetoneanil’”’ and phenyl isocyanate in dry ether was refluxed for 6 hours, the 
solvent distilled, and the residue treated with fresh ether. The solution was filtered from a 
trace of carbanilide, and the ether again distilled to leave the substantially pure urea in 97% 
yield. It crystallised from ligroin (b. p. 60—80°) in needles, m. p. 124° (Reddelien and Thurm 
gave 125°) (Found: C, 78-3; H, 7-0; N, 9-2. Calc. for C,,H,ON,: C, 78-1; H, 6-9; N, 
9-6%. Calc. for C,,H,,ON,: C, 76-2; H, 6-3; N, 11-1%). 
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1-Nitroso-2 : 2 : 4-trimethyl-1 : 2-dihydroquinoline separated as an orange-red oil when 
a solution of ‘‘ acetoneanil ”’ in ice-cold dilute hydrochloric acid was treated below the surface 
with sodium nitrite. It was isolated by means of ether, and, on treatment with tin and hot 
hydrochloric acid, regenerated the “ anil,” but the reduction could not be effected without 
heat. 

3:4:6: 8-Tetrabromo-2 : 2: 4-trimethyl-1 : 2:3: 4-tetrahydroquinoline, obtained by the 
addition of excess of bromine to a solution of ‘‘ acetoneanil ’’ in methyl alcohol, crystallised 
from ligroin in white silky needles, m. p. 160° (Found: C, 30-0; H, 2-4; N, 2-9; Br, 66-0. 
C,.H,,;NBr, requires C, 29-3; H, 2-6; N, 2-9; Br, 65-2%). There was also obtained a small 
quantity of a second substance which separated-from alcohol in pale yellow plates, m. p. 181— 
182° (Found: Br, 64-7%). 

1: 2:2: 4-Tetramethyl-1 : 2-dihydroquinoline (the isopropenylmethylaniline of Knoe- 
venagel, Bahr, and Wagner; Ber., 1923, 56, 2416) was prepared in the manner devised by 
these authors. It was a pale yellow mobile oil, b. p. 144°/14 mm. (Found: N, 7-8. Calc. for 
C,3H,,N: N, 7-5%. Calc. for CyH,,N: N, 95%). The picrate had m. p. 147°, and the 
quaternary iodide (from alcohol) m. p. 158°. 

2: 2:4-Trimethyl-1 : 2-dihydroquinoline-7-sulphonic Acid.— Acetoneanil”’ (13-3 g.) was 
gradually added to ice-cold 20% fuming sulphuric acid (94 g.), and the solution kept at room 
temperature for 16 hours before being poured over ice. The sulphonic acid (9-8 g.), which 
separated in white micro-prisms after a short time, was washed free from mineral acid and 
recrystallised from hot water, in which it was sparingly soluble. It decomposed above 360° 
and was identified as a m-acid by treatment with excess of bromine, the sulpho-group not being 
displaced. The resulting bromo-sulphonic acid was a white solid, almost insoluble in cold 
water. 

1: 2:2: 4-Tetramethyl-1 : 2-dihydroquinoline-7-sulphonic acid, prepared in a similar 
manner to the above from the so-called isopropenylmethylaniline of Knoevenagel, formed 
white prisms (from water), decomp. 323°. 

6 : 6'-Bis-(2 : 2 : 4-trimethyl-1 : 2-dihydroquinolino)methane.— Acetoneanil”’ (1:33 g.) and 
formaldehyde (2-5 g. of 36%) were allowed to react at room temperature in presence of N- 
sulphuric acid (0-2 c.c.), water (1 c.c.), and a trace of sulphanilic acid as a catalyst. After 
2 days the solid product was washed with water and remained as an almost white solid with 
a tendency to oxidise on exposure to the air. The yield was high, but the base was difficult 
to obtain in a crystalline condition. It was best purified from aqueous alcohol and melted 
indefinitely. It was oxidised to the greenish-blue hydrol by lead dioxide in acetic acid. 

6 : 6’-Bis-(1 : 2: 2: 4-tetramethyl-1 : 2-dihydroquinolino)methane, similarly obtained from 
“jsopropenylmethylaniline,” differed but little from the above compound in its general 
properties. 

6 : 6’-Bis-(2 : 2 : 4-trimethyl-1 : 2-dihydroquinolino)phenylmethane.—A mixture of “‘ acetone- 
anil,” benzaldehyde, and freshly fused zinc chloride was heated near 100° for 2 hours. Volatile 
impurities were removed in steam, and the clean, pale green, almost non-basic powder dried 
in the steam-oven (yield, nearly theoretical). It was purified once from alcohol and then melted 
at 158°. The dye obtained by oxidation of this leuco-compound with lead dioxide dyed 
tannin-mordanted cotton deep green. 

Similar dyes were obtained from “ acetoneanil’’ and o-methoxybenzaldehyde, and from 
“ isopropenylmethylaniline ’”’ and benzaldehyde, whilst ‘‘ acetoneanil’’ and p-dimethylamino- 
benzaldehyde gave a leuco-compound oxidisable to a dye like crystal-violet. 

2:2:4:7-Tetramethyl-1 : 2-dihydroquinoline (Knoevenagel and Jaeger’s “‘ acetone-m- 
tolil’’) was prepared in superior yield from acetone and m-toluidine by their method as a low- 
melting crystalline solid (Found: C, 83-6; H, 9-3; N, 7-4. Calc. for C,,;H,,N: C, 83-4; 
H, 9-1; N, 7:5%. Calc. for CyH,,N: C, 81:6; H, 8-9; N, 95%). The white crystalline 
hydrochloride and nitrate melted at 224° and 149—151° respectively. On being treated near 
its b. p. with hydrogen chloride, the compound was converted into 2: 4: 7-trimethylquinoline, 
identical with that obtained by Yamaguchi (J. Pharm. Soc. Japan, 1924, No. 503, 8). 

The acetyl derivative (from the base and acetic anhydride) separated from aqueous alcohol 
or light petroleum in white prisms, m. p. 85°. The benzoyl derivative (from the base and 
benzoic anhydride) was obtained as an oil which rapidly became solid. It crystallised from 
aqueous alcohol or light petroleum as a pale yellow solid, m. p. 108-5”. 

1:2:2:4: 7-Pentamethyl-1 : 2-dihydroquinoline was obtained, by the action of ‘‘ acetone- 
m-tolil ”’ on methyl sulphate in presence of a little alcohol, decomposition of the methosulphate 
with 15% sodium hydroxide solution, and distillation of the liberated oil under reduced pressure, 
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in almost theoretical yield as a pale yellow oil, b. p. 162—163°/18 mm. Picrate, m. p. 171° 
(from alcohol). Hydriodide, m. p. 242-5° (from alcohol). 

1-Phenylcarbamyl-2 : 2 : 4 : 7-tetramethyl-1 : 2-dihydroquinoline, obtained from “ acetone- 
m-tolil’’ and phenyl isocyanate, as described in the case of “‘ acetoneanil,’’ formed white needles 
from ligroin, m. p. 149°. 

7-Chlovo-2 : 2: 4-trimethyl-1 : 2-dihydroquinoline (‘‘ Acetone-m-chloroanil ’’).—m-Chloroanil- 
ine (128 g.), acetone (29 g.), and iodine (1-5 g.) were heated under reflux for 30 hours, and then 
shaken with water, whereby were extracted 3 g. of m-chloroaniline hydrochloride, identified by 
comparison of both itself and the benzoyl derivative of the base with authentic specimens. 
The oil was dried over sodium sulphate and fractionated under reduced pressure, the “‘ acetone- 
m-chloroanil ’’ (34-3 g.) being collected at 165—175°/20 mm. A further quantity (6-5 g.) was 
obtained by redistillation of the intermediate fraction. The pure substance distilled at 172°/18 
mm. as a pale yellow oil which solidified, and crystallised from light petroleum in large, flat, 
transparent plates, m. p. 38-5° (Found : C, 69-4; H, 6-9; N, 7-3; Cl, 16-3. C,,H,,NCl requires 
C, 69-4; H, 6-7; N, 6-7; Cl, 17-1%. C,H, NCI requires C, 64-5; H, 6-0; N, 8-4; Cl, 21-2%). 
The ‘ chloroanil ”’ was stable to boiling hydrochloric acid and formed a sparingly soluble salt, 
m. p. 202° (decomp.) after crystallising from absolute alcohol in transparent rectangular plates. 
The sparingly soluble nitrate (shining transparent plates from alcohol) melted at 131—132° 
(decomp.). 

Addition of methyl sulphate to the “ chloroanil” in dry ether slowly afforded clusters of 
small white needles, m. p. 139°, or 140° after purification from light petroleum—alcohol. The 
hydriodide of the N-methyl derivative of the ‘“ chloroanil”’ was prepared from the “ anil” 
and methyl iodide in a sealed tube at 100°, and had m. p. 142—144° (from alcohol). 

The acetyl derivative of the ‘‘ chloroani] ” was prepared by boiling the base with twice its 
weight of acetic anhydride for 1 hour. It formed long white shining needles, m. p. 76—77°, 
from light petroleum. 

The substituted urea, made from the “ chloroanil ’’ and phenyl isocyanate in dry ether, was 
obtained in white silky needles, m. p. 160°. 

6-Chloro-2 : 2 : 4-trimethyl-1 : 2-dihydroquinoline (‘‘ acetone-p-chloroanil ’’), prepared similarly 
from -chloroaniline (the yield was lower), crystallised from aqueous alcohol in long white 
needles, m. p. 61-5° (Found: C, 69-3; H, 6-9; N, 7-1; Cl, 16-5. C,,H,,NCl requires C, 69°4; 
H, 6-7; N, 6-7; Cl, 17-1%. C,yH,NCl requires C, 64-5; H, 6-0; N, 84; Cl, 212%). The 
hydrochloride (m. p. 196° with decomp.) was sparingly soluble, whilst the nitrate and sulphate 
were easily soluble. 

8-Chloro-2 : 2 : 4-trimethyl-1 : 2-dihydroquinoline (“‘ acetone-o-chloroanil ’’) was also pre- 
pared, but in very poor yield, probably owing to the steric effect of the o-substituent. 

2-Methyl-2 : 4-diethyl-1 : 2-dihydroquinoline (‘‘ ethyl methyl ketoneanil’’) was prepared 
according to the directions of Knoevenagel and Jaeger (Ber., 1921, 54, 1729) and was always 
found to contain about 10% of 2-methyl-4-ethylquinoline, which could largely be removed as 
the picrate (m. p. 191°, from alcohol) or as the tartrate (m. p. 149°, from alcohol) (Found : 
N, 7:3. Calc. for C,,H,,N: N, 7:0%. Calc. for C,gH,;N: N, 9-5%). 

Complete separation of the “‘ anil ’’ and the quinoline impurity could be effected by acetyl- 
ation or nitrosation of the former and extraction of the latter with acid, but the pure “ anil ”’ 
could not be regenerated from either the acetyl or the nitroso-derivative without formation of 
a variable proportion of 2-methyl-4-ethylquinoline. 

The acetyl compound (b. p. 173—179°/12-5 mm.) was a pale yellow, viscous oil which did 
not crystallise during 8 months. The nitrosoamine formed a thick red oil, resistant to reduction 
in the cold with tin and hydrochloric acid. 

2 : 6-Dimethy]-2 : 4-diethyl-1 : 2-dihydroquinoline (Knoevenagel and Jaeger’s “ ethyl methyl 
ketone-p-tolil ’’) was prepared by long refluxing of p-toluidine (107 g.) with methyl ethyl ketone 
(36 g.) and iodine (1-5 g.) and fractionation of the product under reduced pressure. The com- 
pound (25 g.) boiled at 164—166°/18 mm. (Found : C, 83-9; H, 9-9; N, 6-9. Calc. for C,;H,,N : 
C, 83-7; H, 9-8; N, 65%. Calc. for C,,H,,N: C, 82-0; H, 9-3; N, 8-7%). 

The compound contained a small amount of 2: 6-dimethyl-4-ethylquinoline, identified by 
its tartrate (white silky needles, m. p. 173°, from alcohol) and picrate (m. p. 185°, from alcohol). 

2 : 8-Dimethyl-2 : 4-diethyl-1 : 2-dihydroquinoline (‘‘ methyl ethyl ketone-o-tolil ’’) was also 
prepared, though in poor yield, and was similarly found to contain about 10% of a quinoline 
derivative, assumed to be 2 : 8-dimethyl-4-ethylquinoline. 

2: 6: 8-Trimethyl-2 : 4-diethyl-1 : 2-dihydroquinoline (‘‘ methyl ethyl ketone m-xylidil ”) 
was prepared from methyl ethyl ketone and m-xylidine in presence of iodine. The yield was 


« 
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poor, and the product, after fractionation, contained a quinoline derivative, probably 2: 6 : 8-tri- 
methyl-4-ethylquinoline. 


The author expresses his thanks to Professor A. Lapworth, F.R.S., for his continued en- 
couragement and advice, and to Imperial Chemical Industries Ltd. for gifts of chemicals. 
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310. Tautomerism in the Phthalazine Series. The N- and O-Derivatives 
of 1-Methylphthalaz-4-one and Phthalaz-1 : 4-dione. 


By F. M. Rowe and A. T. PETERs. 


In connexion with our work on certain phthalazines and the derived amphoteric phthal- 
azones (this vol., p. 1067, and preceding papers in that series) we have investigated the 
nature of the fundamental ring system with a view to examining later the influence upon 
it of substituents in R, where R is aryl: 


gu OH H 
CX CO\NH Nv om: 3¢ Nw Nw 
! == 1 | = 1 ! 
\cr7N \cR“N co/NR \co/NR ON 


(Ia.) (Id.) (IIa.) (IIb.) (IIc.) OH 
[R = H, alkyl, or aryl.] 


This was all the more necessary as the experimental data available are incomplete, and 
the literature contains some contradictory statements with regard to the constitution of 
the methylation and acetylation products of compounds of these types: nowhere is an 
alkoxyl determination of the ethers of simple phthalazines recorded, although this is of 
vital importance in determining their structure. Moreover, the possibility of forming 
two ethers from a suitable phthalazine by direct methods, which will indicate the type of 
tautomerism existent in the compound, does not appear to have been appreciated fully. 
Consequently, we have attempted to establish the structure of the above types of com- 
pounds with special reference to tautomerism by studying 1-methylphthalaz-4-one 
(Ia; R= Me) or 1-hydroxy-4-methylphthalazine (Ib), and ‘“ phthalylhydrazide”’ or 
phthalaz-1 : 4-dione (Ila; R =H) or 1-hydroxyphthalaz-4-one (IIb) or 1 : 4-dihydroxy- 
phthalazine (IIc). We have adopted the nomenclature 1-hydroxy-4-methylphthalazine 
and 1 : 4-dihydroxyphthalazine for the respective compounds. 

1-Hydroxy-4-methylphthalazine (Gabriel and Neumann, Ber., 1893, 26, 705) is insoluble 
in cold, but dissolves in hot water, and the solution is neutral to litmus. It dissolves 
readily in mineral acids, but is not basic enough for mineral acid salts or a picrate to be 
isolated. It is insoluble in cold aqueous sodium carbonate, sparingly soluble in aqueous 
ammonia, but dissolves in hot aqueous or alcoholic potassium hydroxide, although it is 
not acidic enough for a potassium salt to be isolated. 

1-Hydroxy-4-methylphthalazine forms two methyl ethers. Gabriel and Eschenbach 
(Ber., 1897, 30, 3031) obtained an ether as one of the products of distilling 1-methylphthal- 
azine methiodide with aqueous potassium hydroxide, and also made the same compound 
by the action of methyl iodide and potassium hydroxide on 1-methylphthalaz-4-one. 
They regarded it as the N-ether and it is undoubtedly 1 : 3-dimethylphthalaz-4-one. 
We prepared it equally well by means of methyl sulphate and aqueous methyl-alcoholic 
sodium hydroxide, and it cannot be demethylated. 

Gabriel and Neumann ((oc. cit.) made the O-ethyl ether by the action of sodium ethoxide 
on 1-chloro-4-methylphthalazine, but did not make the corresponding O-methy]l ether. 
We have made similarly from 1-chloro-4-methylphthalazine 1-methoxy-4-methylphthalazine, 
which is clearly the O-ether, and we also made it directly by the action of methyl sulphate 
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on 1-hydroxy-4-methylphthalazine in dry nitrobenzene solution; the latter method gives 
no trace of 1 : 3-dimethylphthalaz-4-one. The fact that the O-ether can be isolated at 
all under the latter conditions may be due to its greater basicity in comparison with that 
of 1-hydroxy-4-methylphthalazine. 1-Methoxy-4-methylphthalazine is demethylated 
readily under any conditions, even by cold hydrobromic acid (d 1-7) in the attempt to make 
a hydrobromide from it. Both ethers are insoluble in alkalis, but extremely soluble in 
mineral acids; the O-ether is more basic than the N-ether and forms a well-defined picrate, 
but the latter does not. 

With acetic anhydride alone, or in presence of glacial acetic acid or fused potassium 
acetate, 1-hydroxy-4-methylphthalazine forms only one monoacetyl derivative, which 
can be crystallised from dry benzene, but is hydrolysed readily by boiling alcohol, and is 
undoubtedly 1-acetoxy-4-methylphthalazine. 

The most reasonable explanation of all of these reactions is that tautomerism occurs, 
1-methylphthalaz-4-one (Ia; R = Me) existing in alkali hydroxide solution, and 1-hydroxy- 
4-methylphthalazine (Ib) in neutral or acid solution. 

The tautomerism of “ phthalylhydrazide’”’ (Ila; R =H) was considered briefly by 
Heller (J. pr. Chem., 1925, 111, 4) and in detail by Radulescu and Georgescu (Bull. Soc. 
chim., 1925, 37, 881). Heller stated that tautomerism occurs only to a slight extent, 
and Radulescu and Georgescu favoured formula (Ila; R=H). The latter authors, by 
methylation with methyl sulphate in potassium hydroxide solution, prepared a mono- 
and a di-ether, which they regarded as the O-mono- and the O-di-methy] ether respectively, 
and they considered that the acetyl derivative of the former was the O-acetate-O-methyl 
ether. We have prepared these three compounds and have arrived at entirely different 
conclusions. The monomethyl ether cannot be demethylated; it is obtained readily also 
by condensing methylhydrazine with phthalic anhydride, and is 1-hydroxy-3-methyl- 
phthalaz-4-one; with acetic anhydride it forms 1-acetoxy-3-methylphthalaz-4-one, from 
which the acetyl group is hydrolysed readily by boiling aqueous alcohol. The dimethyl 
ether is 1-methoxy-3-methylphthalaz-4-one, demethylated by hydrobromic acid (d 1-7) at 
100° to 1-hydroxy-3-methylphthalaz-4-one. 

The actual O-monomethyl ether was made by Heller (loc. cit., p. 14) by heating the 
silver salt, methyl iodide, and ether in a sealed tube at 100° for 2 hours, and we obtained 
it by refluxing the silver salt with methyl-alcoholic methyl iodide, but 1-chloro-4-hydroxy- 
phthalazine was unaltered by heating with methyl-alcoholic sodium methoxide in a sealed 
tube at 120°. 4-Hydroxy-l-methoxyphthalazine is demethylated readily; and with 
acetic anhydride it forms 1-methoxy-4-acetoxyphthalazine, from which the acetyl group is 
hydrolysed readily by boiling aqueous alcohol. 

In the nature of the case, we are unable to establish the constitutions of the metallic 
salts of 1: 4-dihydroxyphthalazine, but the facts are of interest and present analogies 
with the behaviour of the metallic cyanides towards alkylating agents. The silver salt 
prepared via the ammonium salt behaves as the O-salt, and when prepared via the sodium 
salt also reacts with methyl iodide at 125° to give the O-ether; the sodium salt, however, 
under the same conditions gives the N-ether, suggesting that it is the N-sodium salt, 
since at this temperature the O-ether suffers little decomposition and can be obtained in 
lower yield from the silver salt under these conditions. 4-Hydroxy-l-methoxyphthalazine 
is still acidic enough to form a sodium salt, but ammonium and silver salts could not be 
obtained ; this salt behaves as the N-sodium salt, since with methyl iodide at 125° it gives 
1-methoxy-3-methylphthalaz-4-one. , 

Heller (loc. cit.) prepared an O-monoacetyl derivative by the action of acetyl chloride 
on the potassium salt of “‘ phthalylhydrazide ” in benzene, and stated that neither the 
free compound nor the silver salt reacts in this way. Radulescu and Georgescu (loc. cit.) 
described a stable diacetyl derivative obtained from “‘ phthalylhydrazide”’ by the action 
of acetic anhydride and anhydrous sodium acetate, and a labile diacetyl derivative obtained 
by the use of acetic anhydride only (compare Mihdilescu and Florescu, Bull. Acad. Sct. 
Roumaine, 1923, 8, 303). They regarded the latter as the ON-diacetyl derivative, because 
it is converted into the above O-monoacetyl compound by boiling alcohol, although this 
interpretation is not reasonable. We have prepared the monoacetyl derivative by the 
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action of acetic anhydride and glacial acetic acid on 1 : 4-dihydroxyphthalazine and also 
from the silver salt of the latter by the action of acetyl chloride in dry benzene. It is 
hydrolysed by boiling aqueous alcohol and is undoubtedly 4-hydroxy-l-acetoxyphthal- 
azine. We were unable to prepare the stable diacetyl derivative of Radulescu and Georg- 
escu, as under all conditions of diacetylation we obtained only 1 : 4-diacetoxyphthalazine, 
which is hydrolysed successively to 4-hydroxy-l-acetoxyphthalazine and 1 : 4-dihydroxy- 
phthalazine by boiling aqueous alcohol. 

It appears from all of these reactions that 1 : 4-dihydroxyphthalazine (IIc) exists in 
acid or neutral solution and 1-hydroxyphthalaz-4-one (IIb; R = H) in alkali hydroxide 
solution; there is no evidence to support the ‘“ phthalylhydrazide’”’ or phthalaz-1 : 4- 
dione formula (Ila; R =H) first advanced by Curtius and Foersterling (J. pr. Chem., 
1895, 51, 371). The formule of the methyl ethers are: N-methyl ether (III); O-methyl 
ether in acid or neutral solution (IV) and in alkali hydroxide solution (V) ; and the dimethyl 


ether ne 
OMe 


gg sa 
oy Ay ‘\ -~ Oh \w o7 \y 
co UNMe co \co™ 
(III) (IV.) A (V.) (VI.) 


EXPERIMENTAL. 


1 : 3-Dimethylphthalaz-4-one.—(a) 1-Hydroxy-4-methylphthalazine (4-5 g.), methyl alcohol 
(33 c.c.), and 4N-sodium hydroxide (8 c.c.) were refluxed with methyl iodide (6 g.) for 1 hour. 
The alcohol was removed, ice added, the clear solution extracted with ether, and the ether 
removed. 1: 3-Dimethylphthalaz-4-one crystallised from methyl alcohol in colourless large © 
thombohedra, m. p. 112° (yield, 4-3 g.; 88%) (Gabriel and Eschenbach, Ber., 1897, 30, 3032, — 
gave m. p. 109—110°). It is insoluble in alkalis; is not demethylated by hydrobromic acid 
(d 1-7) and glacial acetic acid in a sealed tube at 120° during 3 hours, or by hydriodic acid 
(d 1-7) at 140° under Zeisel experimental conditions; it is very soluble in mineral acids, but does 
not form crystalline salts; and does not form a picrate. 

(b) 1-Hydroxy-4-methylphthalazine (3-4 g.), methyl alcohol (60 c.c.), and 4N-sodium 
hydroxide (16 c.c.) were warmed with methyl sulphate (5 g.) on the water-bath for }$ hour. 
Alcohol was then removed, and excess of 4N-sodium hydroxide added to the warm residue. 
Crystalline form, yield, and m. p. as in (a). 

1-Methoxy-4-methylphthalazine.—(a) 1-Chloro-4-methylphthalazine (4 g.) (Gabriel and 
Neumann, Ber., 1893, 26, 709; Gabriel and Eschenbach, Joc. cit., p. 3025; yield, 81%) was 
refluxed with sodium methoxide (1 g. sodium) and methyl alcohol (40 c.c.) for } hour. Sodium 
chloride was filtered off, alcohol removed from the filtrate, water added, the product extracted 
with ether, and the ether removed. 1-Methoxy-4-methylphthalazine crystallised from light 
petroleum in colourless prismatic needles, m. p. 53—54° (yield, 3-5 g.; 85%) (Found: C, 
68-8; H, 5-75; N, 15-8; OMe, 17-8. C,,H,ON, requires C, 68-9; H, 5-7; N, 16-1; OMe, 
17-8%). With an alcoholic solution of picric acid, it forms a picrate, small yellow needles, 
m. p. 198° (Found: C, 47-8; H, 3-3. C,,H,,0,N, requires C, 47-6; H, 3-2%). 

(b) 1-Hydroxy-4-methylphthalazine (5 g.) in dry nitrobenzene (50 c.c.) was heated with 
methyl sulphate (5 g.) at 130° for 20 minutes, the nitrobenzene then being removed with steam. 
The clear colourless solution was made strongly alkaline with sodium hydroxide and extracted 
with ether, and the ether removed. The residue (0-9 g.) was converted into the picrate, m. p. 
and mixed m. p. 198°, from which 1-methoxy-4-methylphthalazine, m. p. 53—54°, was isolated 
by treatment with alcoholic potassium hydroxide. The N-ether can be detected readily in 
presence of the O-ether by treating a mixture with hydrobromic acid and glacial acetic acid 
at 100°, then diluting the product with water, filtering off the 1-hydroxy-4-methylphthalazine, 
making the filtrate alkaline with sodium hydroxide, and extracting it with ether. No 1: 3- 
dimethylphthalaz-4-one was obtained when the above reaction mixture was examined in 
this way. 

(c) 1-Hydroxy-4-methylphthalazine (0-7 g.), methyl alcohol (6 c.c.), and methyl sulphate 
(3 c.c.) were heated in a sealed tube at 150° for 3 hours. Although much was unaltered, some 
1-methoxy-4-methylphthalazine was isolated as the picrate, m. p. and mixed m., p. 198°. 
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1-A cetoxy-4-methylphthalazine.—1-Hydroxy-4-methylphthalazine (2 g.) was heated with 
acetic anhydride (6 c.c.) (i) alone, (ii) with addition of glacial acetic acid (10 c.c.), and (iii) with 
addition of freshly fused potassium acetate (2 g.); the mixtures were concentrated, and the 
crystals dried on tile. 1-Acetoxy-4-methylphthalazine only was formed in each case and crystal- 
lised from dry benzene in almost colourless needles, m. p. 130—132° (Found: C, 64-45; H, 
5-0; N, 13-9. C,,H,,O,N, requires C, 65-35; H, 4-95; N, 13-8%). It can be kept without 
decomposition, but is hydrolysed readily by boiling alcohol and more readily by aqueous alcohol. 

1 ; 4-Dihydroxyphthalazine, prepared by the method of Mihdilescu and Florescu (Bull. 
Acad, Sci. Roumaine, 1923, 8, 303), crystallised from glacial acetic acid in colourless needles, 
m. p. 333—337°, according to the rate of heating. 

1-H ydroxy-3-methylphthalaz-4-one.—1 : 4-Dihydroxyphthalazine (18 g.), methyl alcohol 
(150 c.c.), methyl sulphate (28 g.), and 20% aqueous potassium hydroxide (70 c.c.) were refluxed 
for 1 hour, then concentrated and precipitated by neutralisation. 1-Hydroxy-3-methylphthalaz- 
4-one crystallised from methyl alcohol in small needles, with a faint pink tinge, m. p. 238° 
(yield, 15 g.; 77%) (Found: C, 61-4; H, 4-4; N, 15-6; OMe, 0-0. C,H,O,N, requires C, 
61-35; H, 4-5; N,15-9%). It was readily obtained also by boiling a solution of methylhydrazine 
sulphate (1 mol.) in aqueous sodium acetate with a glacial acetic acid solution of phthalic 
anhydride (1 mol.) for a few minutes, m. p. and mixed m. p. 238°. Radulescu and Georgescu 
(Bull. Soc. chim., 1925, 37, 887) gave m. p. 232° for this compound and regarded it as the O-ether. 
It dissolves in hot concentrated hydrochloric acid and in sodium hydroxide solution, and is 
not demethylated by hydrobromic acid (d 1-7) or by hydriodic acid (d 1-7) at 140°. With 
acetic anhydride, it formed 1-acetoxy-3-methylphthalaz-4-one, which crystallised from dry 
alcohol in colourless, large, flat, rectangular prisms, m. p. 142° (Found: C, 60-4; H, 4-6. 
C,,H ON, requires C, 60-55; H, 46%), which Radulescu and Georgescu (/oc. cit.) regarded 
as the O-acetate-O-methyl ether. Although it can be crystallised from alcohol, it is hydrolysed 
readily by boiling aqueous alcohol, or by dilute acid or alkali, with formation of 1-hydroxy-3- 
methylphthalaz-4-cne. 

1-Methoxy-3-methylphthalaz-4-one.—1 : 4-Dihydroxyphthalazine (10 g.), 20% aqueous 
potassium hydroxide (40 c.c.), and methyl sulphate (30 g.) were refluxed for 1 hour, then 
diluted with water and extracted with ether, and the ether removed. 1-Methoxy-3-methyl- 
phthalaz-4-one crystallised in colourless prisms, m. p. 93° (yield, 6-8 g.; 58%) (Found: C, 
63-0; H, 5-1; N, 14:3; OMe, 16-3. C,,H,,O,N, requires C, 63-15; H, 5-3; N, 14:7; OMe, 
16-3%); Radulescu and Georgescu (/oc. cit.) gave m. p. 77° for this compound and regarded it 
as the di-O-methyl ether. It dissolves in dilute hydrochloric acid, but is insoluble in alkalis, 
and is demethylated by heating with hydrobromic acid (d 1-7) at 100°, forming 1-hydroxy-3- 
methylphthalaz-4-one, m. p. and mixed m. p. 238°. A smaller quantity of the latter compound 
also was isolated from the residue of the dimethylation mixture after the ether extraction. 

4-Hydroxy-1-methoxyphthalazine.—Aqueous silver nitrate (1-1 mol.) was added to an 
ammoniacal solution of 1 : 4-dihydroxyphthalazine, from which excess of ammonia had been 
removed by boiling, and the white precipitate was filtered off and dried in a vacuum. The 
silver salt (10 g.), methyl iodide (10-5 g.), and methyl] alcohol (200 c.c.) were refluxed for 2 hours, 
and the filtered solution concentrated. 4-Hydroxy-l-methoxyphthalazine crystallised in 
colourless needles, m. p. 188° (Heller, J. pr. Chem., 1925, 111, 14, gave m. p. 187°) (yield, 4-3 g.; 
66%) (Found: C, 61-2; H, 4-5; N, 16-1; OMe, 17-4. Calc. for CJH,O,N,: C, 61-35; H, 
4-5; N, 15-9; OMe, 17-6%). It was formed also by refluxing with methyl-alcoholic methyl 
iodide the silver salt prepared from the sodium salt, obtained in fine colourless needles by 
crystallising a solution of 1 : 4-dihydroxyphthalazine in 50% aqueous alcohol containing sodium 
(1 atom). It is insoluble in cold mineral acids or alkalis, but dissolves in hot concentrated 
hydrochloric acid or boiling dilute sodium hydroxide solution; a sodium salt crystallised from 
aqueous-alcoholic sodium hydroxide in glistening leaflets, decomposed by hot water. It is 
demethylated by hydrobromic acid (d 1-7) or hydriodic acid (d 1-7) at 100°, forming 1: 4- 
dihydroxyphthalazine, m. p. and mixed m. p. 335—337°, whilst refluxing with methyl iodide 
in aqueous methyl-alcoholic potassium hydroxide solution gave 1-methoxy-3-methylphthalaz- 
4-one, m. p. and mixed m. p. 93°, obtained also by the action of methyl-alcoholic methyl iodide 
on the sodium salt of 4-hydroxy-l1-methoxyphthalazine in a sealed tube at 125°. 

When the silver salt of 1 : 4-dihydroxyphthalazine prepared via the ammonium salt was 
heated with methyl iodide (2 mols.) and methyl alcohol at 125°, 4-hydroxy-1-methoxyphthal- 
azine was obtained in lower yield, but the sodium salt of 1 : 4-dihydroxyphthalazine under 
the same conditions gave 1-hydroxy-3-methylphthalaz-4-one. Thus the sodium salt behaves 
as the N-salt, although transformation may occur, but the silver salt behaves as the O-salt. 
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With acetic anhydride, 4-hydroxy-l-methoxyphthalazine formed 1-methoxy-4-acetoxy- 
phthalazine, which crystallised from dry benzene in colourless needles, m. p. 137° (Found : 
N, 12-8. C,,H,O,N, requires N, 12-8%), hydrolysed readily by boiling aqueous alcohol to 
4-hydroxy-1l-methoxyphthalazine, m. p. and mixed m. p. 188°. 

Acetylation of 1 : 4-Dihydroxyphthalazine.—1 : 4-Dihydroxyphthalazine (3 g.), acetic anhyd- 
ride (3 c.c.), and glacial acetic acid (10 c.c.) were refluxed for 20 minutes and then cooled; the 
product, recrystallised from dry benzene, formed colourless prisms, m. p. 173° (Mihailescu 
and Florescu, Joc. cit., and Radulescu and Georgescu, Joc. cit., gave m. p. 170°, and Heller, 
loc. cit., gave m. p. 164-5°) (Found: C, 59-1; H, 4-0. Calc. for CyH,O,N,: C, 58-8; H, 
39%). 4-Hydroxy-l-acetoxyphthalazine was obtained also from the silver salt of 1: 4- 
dihydroxyphthalazine by the.action of acetyl chloride in dry benzene. Further acetylation, 
or treatment of 1 : 4-dihydroxyphthalazine with excess of acetic anhydride, gave 1 : 4-diacetoxy- 
phthalazine, which crystallised from dry benzene in colourless needles, m. p. 134° (Found : 
N, 11-0. C,,H,O,N, requires N, 11-3%); Radulescu and Georgescu (loc. cit.) regarded this 
compound as the 1 : 3-diacetyl derivative. It is converted into 4-hydroxy-l-acetoxyphthal- 
azine rapidly by boiling with aqueous alcohol, whilst both compounds are hydrolysed to 1: 4- 
dihydroxyphthalazine by boiling with aqueous alcohol for } hour. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
LEEDS UNIVERSITY. [Received, July 28th, 1933.] 





311. Some New Types of Chelated Platinammines. 
By H. D. K. Drew and H. J. TREss. 


THIs paper describes platinammines containing the following diamines, in which the 
hydrocarbon chain increases regularly by CH, as the series is ascended : ethylenediamine 
(en); trimethylenediamine (tr); tetramethylenediamine (te); pentamethylenediamine 
(pe). The «-positions are defined as those occupied by the nitrogen atoms in a-Pt(NH,),Cl, ; 
the 8-positions as those occupied in @-Pt(NH,),Cl,. We wished to find whether it was 
possible to insert large chelate loops across the 8-positions of the bivalent platinum atom ; 
and also whether the «-positions, never yet shown to be bridged, could be spanned by 
sufficiently large groups. The results proved that with en and tr the chelate loops span 
the B-positions, giving sparingly soluble 8-diammines of normal type; but that on passing 
to te and pe a sudden change in the character of the products occurs, only ill-defined 
insoluble substances being obtained. It appears, therefore, that te and pe are unable to 
form loops at a single platinum atom, presumably because this would involve the setting 
up of highly strained seven- and eight-membered rings; hence, these diamines probably 
act as bridges between pairs of platinum atoms, giving chain-like structures of high 
molecular weight. The formation of five- and six-membered rings containing a platinum 
atom is, however, feasible, and therefore en and tr are able to give normal monomeric 
compounds. In none of the cases examined were we able to isolate a platinammine 
having a chelate group stretched across the «-positions of a single platinum atom, and 
therefore it must be concluded that such an arrangement is not to be brought about by 
increasing the apparent length of a diamine chain. 

The mixed and unmixed trimethylenediaminoplatinammines have been studied at 
length, and as a result it is now for the first time possible to present a complete scheme, 
verified by experiment at each stage, for the degradation of a chelate platotetrammine 
through the triammine to the diammine. 

Trimethylenediaminoplatinous chloride, Pt tr Cl, (I), is a yellow substance which must 
have a @-structure with respect to the disposition of the nitrogen atoms, both because it 
was prepared from tr and aqueous potassium chloroplatinite, a method which gives 
§-diammines in all known cases, and because of the nature of its interaction with ammonia, 
as explained below. With further diamine, (I) gave the colourless tetrammine, Disiri- 
methylenediaminoplatinous chloride, [Pt tr,]Cl, (II), which must likewise be of B-structure. 
Decomposition of (II) with hydrochloric acid opened both chelate loops, showing by 
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analogy with other tetrammines that elimination occurs at «-positions, and produced 
the colourless dihydrochloride of an a-diammine, [PtCl,(tr H),jCl, (III). Simultaneously, 
however, about one-fourth of (II) was converted into (I). The structure of (III) is verified 
by its interaction with potassium chloroplatinite to give a solution of the unstable plato-salt, 
which lost 2 mols. of hydrogen chloride and became transformed into the flesh-pink Plato- 
salt, [Pt tr,]PtCl, (IV), identical with that obtained directly from (II). 

The behaviour of (II) towards hydrochloric acid was confirmed by a comparison with 
the colourless mixed dichelate $-tetrammine, ethylenediaminotrimethylenediaminoplatinous 
chloride, [Pt en tr]Cl,, (V). This substance was the same whether prepared from (II) and 
ethylenediamine or from ethylenediaminoplatinous chloride and trimethylenediamine, show- 
ing that the principle of the equivalence of the two pairs of $-positions about a platinum 
atom holds also for chelate groups. With hydrochloric acid, (V) gave the colourless 
dihydrochloride of a mixed «a-diammine, [PtCl,(en H)(tr H)JCl., (VI), showing that again 
both chelate loops had been opened. The structure of (VI) was verified by preparing a 
solution of its unstable plato-salt, which on evaporation lost 2 mols. of hydrogen chloride 
in succession, giving (i) the pinkish-brown #lato-salt of the monohydrochloride of a triammine, 
[PtCl(en H)(tr)]PtCl, or, less probably, [PtCl(en)(tr H)JPtCl,, (VII); and (ii) the pink 
en [Pt en tr]PtCl,, (VIII), identical with that prepared directly from (V). 


NH NH, ' NH NH . 
(v) | CGH  “SPee SoH, | la, 4 a | CHK PY GH, | Cl, vty 
NH, ‘NH, | NHs (jt NHs 
+ + + 
K,PtCl, {xarec 
NH, NH, NH, NH 7 
| CHC Pau pote PtCl, CHK a a tee wr Pia, 
? ‘IIL, A 
C,H i AN pee tN H, | PtCl, 
| “NH; ie ‘i (VIL.) 


At the same time, however, about one-fourth of the initial substance (V) was con- 
verted into a mixture of Pt tr Cl, and Pt en Cl,, the former predominating (3 mols. : 1 mol.). 

When Pt tr Cl, (I) was treated with ammonia it gave the colourless mixed tetrammine, 
diamminotrimethylenedtaminoplatinous chloride, [Pt(NHg)gtr]Cl,, (IX), which was shown 
to be of $-structure by preparing it also from the 6-diammino-chloride and trimethylene- 
diamine, whereas the action of the latter base upon the «-diammino-chloride caused the 
complete displacement of ammonia and the production of (II). The regulated degrad- 
ation of (IX) by means of 6N-hydrochloric acid at 100° proceeded in two stages. 
(i) An ammonia molecule was first removed, giving rise to the colourless mixed triammine, 
amminotrimeihylenediaminoplatinous chloride, [PtCl(NH,)tr]Cl, (X), which was shown to 
possess only one ionised chlorine atom by preparing from it the pinkish-brown #laio-salt, 
(XI). The triammine (X) is of much interest, since it is the only known triammine con- 
taining a chelate group; moreover, its isolation verifies what has hitherto been only 
a probable hypothesis, viz., that the diammines are produced from the tetrammines and 
hydrochloric acid by way of the triammines. (ii) More prolonged action then caused the 
opening of the chelate loop, with the production of the yellow monohydrochloride of a 
mixed «-diammine, [PtCl,(NH,)(trH) JCl (XII), also obtained by the direct action of hydro- 
chloric acid on (X). The structure of (XII) was verified by preparing a solution of its 
unstable plato-salt, evaporation of which caused the loss of 2 mols. of hydrogen chloride, 
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with transformation into the plato-salt (XI), identical with that produced directly from (X) 
and potassium chloroplatinite. 


: NH NH,) - NH NH, - 
| Cote i, led a ES ili | ie ee 
Be at 2 Fe FN 
! NH NH H/ “a 
. 7 go + 
; (IX.) > 4 K,PtCl, 
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‘NH; ¢ “Cl ; NH,” Cl 
+ OD, + 
. (XII) ’ e . 
f-nes 


At the same time, about one-fourth of (IX) was converted into Pt tr Cl,; and a similar 
proportion of (X) was transformed into this 6-diammine in the more direct experiment. 

There can be no doubt that in (III), (VI), and (XII), and in their plato-salts, the 
positive charges of the kations are associated with the nitrogen atoms, because these 
compounds are derivatives of ammonium chloride and of ammonium chloroplatinite 
respectively. It is almost equally certain from the above reactions that in the triammines 
and tetrammines themselves the charges are located upon the nitrogen atoms as in the 
graphic formule above. The main reaction of hydrochloric acid upon the tetrammines 
takes place, therefore, at the charged nitrogen atoms (?.e., in the «-positions), first one 
and then the second nitrogen uniting with hydrogen and becoming detached from platinum, 
whilst retaining the positive charge; the entering chlorine atoms replace the nitrogen 
atoms of the «-positions. 

The production of 8-diammines from the tetrammines in the three cases given here 
cannot yet be accounted for. The only other recorded cases of this kind of reaction 
among platinammines are those in which PtenCl, results from [Pt en,]Cl, and from 
[Pt(NH,),en]Cl, (Drew, J., 1932, 2330), where the behaviour was attributed to a secondary 
reaction involving closure of an open chain. This explanation, although it agrees with 
the fact that only chelate tetrammines show this exceptional behaviour, can no longer be 
regarded as valid in view of the fresh fact that the intermediate triammine (X) gave with 
hydrochloric acid both (XII) and Pt tr Cl,, whereas (XII) was stable to hydrochloric acid 
under the same conditions and so cannot be a stage in the production of the Pt tr Cl,. 
It must be accepted that with chelate plato-tetrammines and -triammines a proportion of 
6-elimination can occur. 

The lemon-yellow plati-diammines Pt en Cl, and Pt tr Cl, and the colourless plati- 
tetrammines of the formula [PtCl,X,]Cl,, where the four co-ordination positions (X,) 
were filled by 4NH,, 2NH, + tr, 2en, en + tr, or 2tr, were prepared from the correspond- 
ing plato-ammines by boiling their solutions in hydrochloric acid with hydrogen peroxide 
for a few moments. The first of these (X, = 4NH,), which has been variously described in 
a yellow and a white form (Gmelin—Kraut, ‘‘ Handbuch der anorganische Chemie,” 1915, 
Vol. 5, Part 3, p. 669), appeared to exist in only one form, colourless when pure; it was 
much less soluble in water than the chelated plati-ammines, the last three of which 
separated as hydrates from water. The brownish-red plato-salt, [PtCl,(NH,),]PtCl,, was 
similarly less soluble than the yellow or brown chloroplatinites of the chelated plati- 
tetrammines. The chelated plati-ammines were also obtained from solutions of the 
plato-ammines in dilute hydrochloric acid by oxidation in air, and for this reason air was 
excluded as much as possible in experiments where such oxidation might occur. 

An unexpected change took place when PtenCl, was treated with hot aqueous 
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{Pt(NH,),)Cl,, a well-defined red crystalline substance (XIII) being precipitated; it 
proved to be identical with the substance formulated as Pten Cl, by Tschugajeff and 
Tschernjajeff (Z. anorg. Chem., 1929, 182, 159), who obtained it by oxidising Pt en Cl, 
with ammonium persulphate and aqueous hydrochloric acid. We found that (XIII) 
could be oxidised to Pt en Cl, by means of hydrogen peroxide in presence of hydrochloric 
acid, and reduced to Pt en Cl, by means of aqueous potassium oxalate. The following 
equilibria were assumed: the first in order to explain the repeated separation of 
(XIII) from the mother-liquor in its preparation, and the second to explain the re- 
duction of (XIII) to PtenCl, by means of Pt(NH,),Cl, and the partial oxidation of 
Pt en Cl, to (XIII), here written as (Pt en Cl,)., by means of aqueous [PtCl,(NHg),]Cl, : 


2Pt en Cl, + Pt(NH,),Cl, == Pt(NH;),Cl, + (Pt en Cl,), 
2Pt en Cl, + Pt(NH;),Cl, == Pt(NH,),Cl, + (Pt en Cis), 


(XIII) is too sparingly soluble to allow of a determination of its molecular weight, so 
that whether it is a derivative of tervalent platinum or is a dimeride containing platinic 
platinum remains undetermined; in any case, it is clearly an analogue of the two salts 
which have previously been formulated as [Pt(NH,) py Cl,], and [Pd(NH,),Cl,], (J., 1932, 
1013, 1898). For comparison, we prepared the unstable buff-coloured bisethylenediamino- 
platinous chloroplatinate, [Pt en,]PtCl,, and also the buff-coloured dichlorobisethylenedi- 
aminoplatinic chloroplatinite, [PtCl,eng]PtCl,, which were quite different. 

When Pt tr Cl, was similarly treated with tetramminoplatinous chloride, the latter 
was oxidised to tetramminoplatinic chloride and only Pt tr Cl, was obtained along with it. 

«-Pt(NH,),Cl, differs from its 8-isomeride in giving no coloration with phenoxtellurine 
dibisulphate and in failing to react directly with hot hydrochloric acid, whereas the 6-salt 
yields a deep purple phenoxtellurine complex and with hydrochloric acid readily gives 
Cossa’s ammonium salt. We have already shown that only the @-forms of Pt en Cl, and 
Pt tr Cl, exist, and that the nitrogen atoms in these substances have undoubtedly the 
same stereochemical relationship as those in 6-Pt(NH,),Cl,. There may, nevertheless, be 
a structural difference between the chelated f-plato-diammines and £-Pt(NH,),Cl,, and 
this possibility is to some extent supported by the fact that the chelated 6-diammines 
give no phenoxtellurine compounds. To obtain further evidence, we tried to prepare the 
analogues of Cossa’s salts from the above chelated §-plato-diammines, but were unsuc- 
cessful; .instead, on treatment with N-hydrochloric acid, 8-Pt tr Cl,, which should have 
given either the intermediate hydrochloride [PtCl, (trH)]Cl or the Cossa’s salt PtCl,(tr H), 
was unchanged except in so far as it suffered atmospheric oxidation to trimethylenedi- 
aminoplatinic chloride, PttrCl,; similarly, the ethylenediamino-analogue was merely 
oxidised. With 6N-hydrochloric acid, however, a proportion of each plato-diammine 
was transformed into the simple chloroplatinite, e.g., [tr H,]PtCl,, part of the rest remain- 
ing unchanged and part undergoing oxidation. There thus remains a possibility that the 
8-plato-diammines may act as tautomeric substances, those with chelate groups having a 
greater tendency to assume a form in which the chlorine atoms are linked directly to 
platinum. 

In the formule in this paper we make no assumption with regard to the spatial dis- 
tribution of the bonds to platinum, preferring to leave this question until further evidence 
is available. In all cases, the pairs of «-positions are written in the same horizontal line 
above or below the platinum atom, those of {-positions in the same vertical line on either 
side of that atom. If plane formule be adopted for the tetrammines, the pairs of 
a-positions will, of course, be at the ends of the two diagonals. The experimental evidence 
shows that the links between platinum and the four nitrogen atoms of a plato-tetrammine 
cannot all be of the same kind. In the formule given, two kinds of nitrogen—platinum 


+ 
links are distinguished according as the nitrogen atom (a) bears a full charge, N—Pt, owing 
to its association with the anion, or (b) shares its lone pair of electrons to an unknown 
extent with the platinum, this being denoted by N —> Pt (cf. Sidgwick) in order to avoid 
the use of a new symbol which could not yet be defined exactly. 
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EXPERIMENTAL. 


All substances were dried over phosphoric oxide in a vacuum before analysis. 

Trimethylenediamine was prepared almost quantitatively by Gabriel’s method. Potassium 
phthalimide was condensed with trimethylene bromide in nitrobenzene for 1—2 hours at 
170—180°, and the solvent removed in steam; «ay-diphthalimidopropane separated as colour- 
less, oblique, hexagonal columns, pure enough for hydrolysis without recrystallisation. 

8-Trimethylenediaminoplatinous chloride (I) was prepared from aqueous potassium chloro- 
platinite and the diamine at room temperature (2—3 hours). It separated from dilute hydro- 
chloric acid as yellow rectangular needles, sparingly soluble in boiling water (1 g. in ca. 110 c.c.) 
(Found: N, 8-2; Pt, 57-4. C,;H,)N,Cl,Pt requires N, 8-2; Pt, 57-4%). It crystallised 
unchanged from hot aqueous potassium chloroplatinite and tetramminoplatinous chloride, and 
gave no coloration when ground with phenoxtellurine dibisulphate. ; 

Trimethylenediaminoplatinic chloride was prepared by boiling the foregoing compound in 
dilute hydrochloric acid with hydrogen peroxide. It separated as lemon-yellow polyhedra 
which dissolved sparingly in boiling water (1 g. in ca. 140 c.c.) and crystallised very slowly on 
cooling (Found: Pt, 47-4. C,H, N,Cl,Pt requires Cl, 34-5; Pt, 47-5%). It was reduced by 
tetramminoplatinous chloride in boiling aqueous solution to the above platinous salt (Found : 
Pt, 57-2%), tetramminoplatinic chloride being obtained from the mother-liquor. 

8-Bistrimethylenediaminoplatinous chloride (II) was prepared from (I), or from «-diammino- 
platinous chloride, and aqueous trimethylenediamine at room temperature and at 100° (Found : 
Pt, 47-1. CgHN,Cl,Pt requires Pt, 47-1%). It separated from aqueous alcohol as colourless 
columns, sometimes with gabled ends, very soluble in cold water. It formed a plato-sali (IV) 
of flesh-pink rectangular needles, sparingly soluble in boiling water (Found: Pt, 57-2. 
CyHooN,Cl,Pt, requires Pt, 57-4%). 

Bistrimethylenediaminoplatinic chloride was prepared from a concentrated hydrochloric 
acid solution of (II) by boiling it with hydrogen peroxide or exposing it to air. It separ- 
ated from aqueous alcohol and concentrated hydrochloric acid as colourless rhombic | 
needles, and from water as colourless rhombic plates which, when dried for analysis at 140°, 
changed into hygroscopic white pseudomorphs. It dissolved in cold water (Found: C, 14-6; 
H, 4-2; N, 11-8; Pt, 40-0. C,H, N,Cl,Pt requires C, 14-8; H, 4:2; N, 11-5; Pt, 40-2%). It 
formed a piato-salt of orange cubes, soluble in boiling water, which was also obtained from 
bistrimethylenediaminoplatinous chloroplatinite and concentrated hydrochloric acid in air 
(Found: Pt, 52-1. C.gH, N,Cl,Pt, requires Pt, 52-0%). 

The a-dihydrochloride (III) of (II) was prepared by heating (II) (0-414 g.) in 6N-hydro- 
chloric acid (4 c.c.) at 100° for 7 hours in a closed vessel, filtering off (I) (0-07 g.; Found: 
Pt, 57-°3%), evaporating the filtrate over phosphoric oxide in a vacuum, and recrystallising 
the product from alcohol containing 6N-hydrochloric acid. It separated from concentrated 
hydrochloric acid as colourless plates, soluble in cold water (Found: Pt, 40-0. C,H,.N,Cl,Pt 
requires Pt, 40-1%). Its solution in aqueous potassium chloroplatinite on evaporation at 80° 
became strongly acid and deposited the chloroplatinite (IV). 

B-Ethylenediaminotrimethylenediaminoplatinous chloride (V) was prepared from (I) and 
aqueous ethylenediamine, or from Pten Cl, and aqueous trimethylenediamine at room tem- 
perature and at 100°. It separated from aqueous alcohol as colourless rectangular plates, 
very soluble in cold water (Found: Pt, 48-6. C;H,,N,Cl,Pt requires Pt, 48-8%). It formed 
a plato-salt (VIII) of pink rectangular needles, sparingly soluble in boiling water (Found: Pt, 
58-5. C,H,,N,Cl,Pt, requires C, 9-0; H, 2-7; Pt, 58-6%). 

Ethylenediaminotrimethylenediaminoplatinic chloride was prepared by boiling [Pt en tr]Cl, 
in concentrated hydrochloric acid with hydrogen peroxide. It separated from the con- 
centrated acid as colourless hexagonal tables which, when dried at 140° for analysis, 
changed to hygroscopic white pseudomorphs (Found: Pt, 41-1. C;H,,N,Cl,Pt requires Pt, 
41-4%); it dissolved in cold water, and formed a plato-salt of orange cubes, soluble in boiling 
water (Found: Pt, 52-8. C,H,,N,Cl,Pt, requires Pt, 52-9%). 

The a-dihydrochloride (V1) of (V) was prepared from the latter in the same way as the 
dihydrochloride (III); after separation of Pten Cl, and PttrCl, [0-09 g. Found: C, 9-9; 
H, 2-9; Pt, 57-9. Calc. for the mixture 1(Pt en Cl,) + 3(Pt tr Cl,): C, 9-8; H, 2-8; Pt 
58-0%], and working up the filtrate as before, the salt was obtained as colourless plates, soluble 
in cold water (Found: Pt, 41-0. C,H N,Cl,Pt requires Pt, 41-3%). With aqueous potassium 
chloroplatinite, after evaporation at 80° and cooling, it deposited pinkish-brown plates of the 
chloroplatinite (VII), soluble in hot water (Found: C, 8-8; H, 2:8; Pt, 55-9. C;H,)N,Cl;Pt, 
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requires C, 8-5; H, 2-7; Pt, 55-6%); the strongly acid mother-liquor, on further evaporation, 
deposited [Pt en tr]Pt Cl, described above (Found : C, 9-0; H, 2-9; Pt, 59-0%). 

8-Diamminotrimethylenediaminoplatinous chloride (IX) was prepared from (I) and aqueous 
ammonia at room temperature or at 100°. It was also formed, together with [Pt tr,]Cl,, from 
6-Pt(NH;),Cl, (1 mol.) and the aqueous base (2 mols.), analyses of the plato-salts of the crude 
mixtures showing that at room temperature about 20% and at 100° about 50% of the ammonia 
was displaced by trimethylenediamine. It separated from aqueous alcohol as colourless 
rectangular needles, very soluble in cold water (Found: Pt, 52-2. C,;H,,N,Cl,Pt requires Pt, 
522%). It formed a plato-salt, pink rectangular needles, sparingly soluble in boiling water 
(Found: Pt, 61-0. C,H,,N,Cl,Pt, requires Pt, 61-0%). 

Diamminotrimethylenediaminoplatinic chloride was prepared by oxidising (IX) in the usual 
way with hydrogen peroxide or air. It separated from concentrated hydrochloric acid and 
aqueous alcohol as colourless rhombic columns or needles, and from water as rhombic 
plates (Found: N, 12-7; Cl, 32-5; Pt, 43-9. C,H, N,Cl,Pt requires N, 12-6; Cl, 31-8; Pt, 
43-8%,). It dissolved in cold water, and formed a /lato-salt of brown rectangular plates, 
soluble in boiling water, which was also obtained from [Pt(NHj),tr]PtCl,, potassium chloro- 
platinite and concentrated hydrochloric acid in air (Found: N, 8-0; Pt, 55-0. C,H,,N,Cl,Pt, 
requires N, 7-9; Pt, 54-9%). 

B-Amminotrimethylenediaminoplatinous chloride (X) was prepared from [Pt(NHs),tr]Cl, 
(IX) (0-374 g.) and 6N-hydrochloric acid (1-5 c.c.) by 2 hours’ heating in the same process as 
that used for (III) (p. 1339). It separated from aqueous alcohol as colourless rectangular 
needles, soluble in cold water (Found: N, 11-8; Pt, 54:6. C;H,,N;Cl,Pt requires N, 11-8; 
Pt, 546%), and formed a plato-salt (XI) of pinkish-brown rectangular plates, sometimes 
pointed, soluble in hot water (Found: C, 7:2; H, 2-7; Pt, 59-7. C,H,,N,Cl,Pt, requires C, 
7-3; H, 2-7; Pt, 59-7%). During the preparation, Pt tr Cl, (0-017 g. Found: Pt, 57-5%) 
was removed. 

The a-monohydrochloride (XII) of the foregoing salt (X) resulted if the heating was pro- 
longed for 8 hours and 5 c.c. of 6N-acid were used; it was similarly obtained from (X) by 5 
hours’ heating (in both cases, further heating produced no change). It crystallised from 
concentrated hydrochloric acid as yellow, square and octagonal plates, soluble in cold water 
(Found: C, 9-4; H, 3-7; Pt, 49-9. C,H,,N,Cl,Pt requires C, 9-1; H, 3-6; Pt, 49-6%); it 
reacted with aqueous potassium chloroplatinite, under conditions previously described (p. 1339), 
to yield [PtCl(NH,)tr],PtCl, described above (Found: C, 7-0; H, 2-7; Pt, 59-6). In both 
methods of preparation, from (IX) or (X), Pt tr Cl, was removed (Found: Pt, 57-6, 57:2% 
respectively). 

Tetramminoplatinic chloride, prepared by boiling the plato-tetrammine in concentrated 
hydrochloric acid with hydrogen peroxide, separated as colourless rhombic tables, soluble 
in boiling water (Found: H, 2-9; N, 13-4; Pt, 48-2. Calc. for H,,N,Cl,Pt: H, 3-0; N, 
13-8; Pt, 48-2%). It was also obtained, though of a slightly yellow colour, by oxidising the 
plato-tetrammine with various plati-tetrammines, e.g., [PtCl,(NH;),tr]Cl,, in cold aqueous 
solution. It formed a plato-salt of brownish-red rhombic columns, sparingly soluble in boiling 
water (Found: Pt, 58-3. Calc. for H,,N,Cl,Pt,: Pt, 58-2%). 

Ethylenediaminoplatinic chloride was prepared by oxidising the platinous chloride by hydro- 
gen peroxide under the usual conditions (p. 1339). It formed lemon-yellow rhombic and hexa- 
gonal plates, which dissolved sparingly in boiling water (1 g. in about 350 c.c.) and separated 
very slowly on cooling (Found: C, 6-3; H, 2-1; Pt, 49-2. Calc. for C,H,N,Cl,Pt: C, 6-0; 
H, 2-0; Cl, 35-7; Pt, 49-2%). 

Pt en Cl, or (Pt en Cl;), (XIII) was prepared by boiling aqueous solutions of the foregoing 
compound and tetramminoplatinous chloride; further crops separated repeatedly from the 
mother-liquor after filtration and boiling and tetramminoplatinic chloride was obtained from 
the final filtrate. It was also formed by boiling the latter with Pt en Cl, in aqueous solution, 
separating as red rhombic or hexagonal plates, sparingly soluble in boiling water (1 g. in 
300 c.c.) (Found: C, 6-8; H, 2-3; N, 8-1; Pt, 54:3. Calc. for C,H,N,Cl,Pt: C, 6-6; H, 2-2; 
N, 7:7; Pt, 540%). It gave a scarlet coloration when ground with phenoxtellurine dibi- 
sulphate, and crystallised unchanged from aqueous potassium chloroplatinite. With silver 
nitrate solution the supercooled aqueous solution formed only an opalescence in the cold, but 
gave a white precipitate on boiling. It was oxidised by boiling hydrogen peroxide and 
hydrochloric acid, and also by Pt(NHs),Cl,, to Pt en Cl, (Found: Pt, 48-6%), and was reduced 
by potassium oxalate with a trace of potassium formate, and also by Pt(NH;),Cl,, to Pt en Cl, 
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(Found: Pt, 59-1. Calc.: Pt, 59-8%). It was quite different from the buff plato-plati-salts 
[Pt en,]PtCl, (Found: Pt, 54:7%) and [PtCl,en,jPtCl, (Found: Pt, 54-1%) which were 
precipitated from aqueous solutions of the corresponding chlorides. 

Action of Hydrochloric Acid on B-Ethylenediamino- and -Trimethylenediamino-platinous 
Chlorides.—The first salt (Found: C, 7-6; H, 2-7; Pt, 59-7. Calc.: C, 7-4; H, 2-5; Pt, 
59°8%) separated in part unchanged from 6N-hydrochloric acid after 5 hours’ boiling; on 
evaporation, the mother-liquor gave (i) Pten Cl, described above (Found: Cl, 35-7; Pt, 
48-9%), (ii) yellow plates of (en H,)PtCl,, soluble in hot water (Found: Pt, 41-3. Calc.: Pt, 
41-5%), and (iii) red needles, probably of (en H,)PtCl,, soluble in cold water. Similarly, the 
second salt was mainly unchanged, but gave (i) PttrCl, (Found: Cl, 34:3; Pt, 47-2%), 
(ii) yellow plates of (tr H,)PtCl,, soluble in hot water (Found: N, 6-0; Pt, 40-4. Calc.: N, 
58; Pt, 40-3%), and (iii) red needles, probably of (tr H,)PtCl,, soluble in cold water. 

The latter salt also separated mainly unchanged from N-hydrochloric acid after 50 hours’ 
heating at 100°, Pt tr Cl, (Found: Pt, 47-9%) being obtained from the mother-liquid. 

Action of Tetra- and Penta-methylenediamines on Aqueous Potassium Chloroplatinite.—In 
this reaction, the first diamine at room temperature (8 hours) gave a pale yellow, micro- 
crystalline substance, hygroscopic when dried, and practically insoluble in boiling water, hydro- 
chloric acid, and organic solvents. It could not be purified [Found: C, 14-1; H, 3-9; Pt, 
52-4. Pt(C,H,,N,)Cl, requires C, 13-5; H, 3-4; Pt, 55-1], and formed white gels with aqueous 
tri- or tetra-methylenediamine. 

The second diamine, after 12 hours, gave a similar cream-yellow substance [Found: C, 
17-0; H, 4:3; Pt, 49-3. Pt(C,;H,,N,)Cl, requires C, 16-3; H, 3-8; Pt, 53-0%]. 


We thank H.M. Department of Scientific and Industrial Research for a grant, and Messrs. 
The Mond Nickel Company for a valuable loan of platinum metal. 
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312. The Interpretation of Electric Polarisation Coefficients. 
By FRANK R. Goss. 


RECENT investigations dealing with electric dipole moments have been of considerable 
value to organic chemistry—particularly with regard to problems of stereochemical 
structure and electronic behaviour—and it is obviously desirable that the data should be 
as accurate as possible. Considerable experimental uncertainty still exists where the 
moment is small, or where it may be presumed from other considerations to be zero. With 
the object of clarifying the position, an experimental and theoretical study has been made 
of the polarisation coefficients of benzene. In such cases the Debye formula p = 
0-01273/ PoT x 10% e.s.u. is applied in the calculation of moments on the erroneous 
assumption that the electron polarisation is a constant ; again, since the dipole moment () 
is proportional to the square root of the experimentally determined orientation polarisation 
(Po), the degree of accuracy with which Pp must be measured becomes rapidly greater for 
small values of u, so that it is difficult to obtain sufficiently exact values for those substances 
having moments of less than, say, 0-5 x 107% e.s.u.: in fact, many compounds have been 
assumed to possess a zero moment on uncertain experimental foundations, simply on account 
of their structural formule. 

The elimination of error in the calculation of Py by means of the formula 
Po =P — (Pz + P,) depends, with low values of Pp, on a more exact understanding of 
the nature of the total polarisation (P), the electron polarisation (Pg) and the atom 
polarisation (P,). 

The electron polarisation is usually regarded as the value of the Lorentz—Lorenz expres- 
sion when this is calculated from the refractivity (n,,) which the substance would have at 
infinite wave-length. It is not satisfactory in calculating n,, to take random points on the 
experimental polarisation curve, which Errera (‘‘ Polarisation dielectrique,’”’ 1928, p. 29) 
has shown to follow the equation Pg + Py = &Cy/(vg? — v?) + &C,/(v,? — v?), where vg 
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and v, are the resonating frequencies, and Cy and C, are constants for a given molecular 
condition, 7.e., varying with change of temperature and pressure. Following this equation, 
the refractivity between vy and v, is given by an equation of the form n? = k, + kg/(a? — 
Ap?) — Ry /(Ax? — 2) (cf. ibid., p. 90), where Ag and A, are wave-lengths corresponding to v, 
and yy, , is the square of the refractive index corresponding to Px, ky and k, are constants 
related to C,andC,. In order to obtain k, from experimental values of » and 4, it is usually 
desirable to choose values of 4 such that the last term in the equation can be neglected, and 
sufficiently far from the ultra-violet absorption bands for the effects of the separate bands 
to become merged (cf. Gifford and Lowry, Proc. Roy. Soc., 1923, A, 104, 432). These 
conditions are fulfilled with sufficient accuracy for the present purpose if, in the equation 
n® = k, + ky/(A® — Ag’), the constants k, and kg are evaluated by substituting values of 
for the « and ® hydrogen lines : Ag may be taken as the wave-length of any intense absorp- 
tion band. Then from k,, the refractivity for infinite wave-length, the electron polaris- 
ation Py, is directly derived. 

It is well known that the values obtained for Py depend on the molecular condition of 
the substance, rising with temperature for the liquid, and having a somewhat higher value 
for the vapour. Data for liquid benzene are given by Parker and Thompson (J., 1922, 121, 
1341), who observed that the polarisation increased with temperature, and from their 
results it is found that the polarisation for the sodium D line (Pp) rises from 26-1 to 26-3. 
The value of Pp calculated from the refractivity for benzene vapour, given by Wasastjerna 
(Soc. Sci. Fenn. Phys.-Math., 1925, 2, 13, 1), is 27-2. The values (see table) for Py were 
calculated by means of the above dispersion formula, Ag being taken as 0-2605 (Kwiecinski 
and Marchlewski, Bull. Acad. Polonaise, 1929, A, 255). They are related amongst them- 
selves in the same way, being somewhat less than 1 c.c. lower than the corresponding values 
of Pp. Allthese figures are in accordance with the theory of optical and electrical properties 
developed by Raman and Krishnan (Proc. Roy. Soc., 1928, A, 117, 589), who show that 
(n® — 1)/(n? +- 2) = vC(1 — vb), where vis the number of molecules per unit volume, C is a 
function of the moments induced by the incident light, and ® involves, in addition, factors 
expressing the variation of the polarisation field along the principal optic axes of the 
molecules, when the field is anisotropic. From this formula it follows that 


Py = (n? — 1)M/(n? + 2)d = C/(1/N — d®/M), 


where N is the Avogadro number. An application of this formula to benzene has been 
made by Krishnan (Proc. Roy. Soc., 1929, A, 126, 155), who has calculated d® from values 
of light scattering and shown that it decreases with temperature, and hence that the value 
of Py for liquid benzene increases with temperature. For the vapour, which is optically 
isotropic and for which ® = 0, Pg should have a value independent of temperature and 
considerably higher than that for the liquid. 

Raman and Krishnan (loc. cit.) have shown further that the sum of the electron and 
atom polarisations of a liquid can be expressed by an analogous formula 


Py + Py = (e—1)M/(e + 2)d = X/(1/N — dp/M). 


There should consequently be an analogous increase in the total polarisation of a non-polar 
liquid with temperature; whereas for the vapour the polarisation should be independent 
of the temperature and slightly higher than the value for the liquid. The increase of the 
polarisation with temperature for liquid benzene is well established, and figures are given 
in Table I based on measurements made in the course of this investigation, McAlpine and 
Smyth (J. Amer. Chem. Soc., 1933, 55, 453) having shown that no change occurs in the 
polarisation of benzene vapour over a wide range of temperature. 

From the graph of these data (see Fig. 1), it is clear that the temperature coefficient for 
the total polarisation (P) for liquid benzene is, within the limits of experimental error, 
identical with that for the electron polarisation as represented by the Py (liquid) and Pp 
(liquid) curves, and hence it follows that for liquid benzene as well as for the vapour, P, is 


constant, and the dipole moment zero. 
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lar Benzene. 
on, Lag . J 
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To obtain the data upon which the foregoing values for the polarisation of liquid benzene 
are based, dielectric constants have been measured by a simple heterodyne method based on 
that of Whiddington (Proc. Camb. Phil. Soc., 1921, 20, 445; cf. Whiddington and Long, Phil. 
Mag., 1925, 49, 113). 








Measurement of Dielectric Constants.—The measuring apparatus consisted of two oscillating 
circuits connected in series (Fig. 2), each containing a Marconi DEH210 triode valve, a variable 





condenser of maximum capacity 1000 pF, and a loosely coupled coil consisting of copper wire 
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wound round a cylindrical ebonite former, and having an inductance in the plate circuit sufficient 
to give oscillations with a wave-length of about 1500 m. 

One of the condensers was an ordinary variable instrument which was kept in a constant 
position throughout each set of readings, and the other was a ‘‘ Laboratory Standard Air Con- 
denser ’’ supplied by Messrs. H. W. Sullivan, Ltd. It was fitted with a microscope, enabling 
the instrument to be read to 0-03 uF, and with a rigid extension arm of aluminium tubing having 
an ebonite handle which made it possible to operate the condenser from a distance of 6 ft., and 
to set it to the nearest 0-03 upF. 

The experimental condenser (Fig. 3) consisted of two concentric cylinders of ‘‘ Firth Stay- 
brite ’’ steel, 1 mm. thick, with a gap of 1 mm. between them, and rigidly connected by Bakelite 

Fic. 3. screws cut off flush with the inner and outer surfaces of the cylinders. These were 
enclosed in a hollow cylindrical vessel having double walls of Jena glass, and pro- 
vided with two inlet tubes, through one of which the liquid to be measured was 
transferred from a receiver protected by calcium chloride drying tubes, by reduc- 
ing the pressure in the other. Platinum wires, fused into glass mercury cup 
terminals which were ground on to two further inlet tubes in the experimental 
condenser, provided contact with the steel plates; each wire being bound by a 
“ Firth Staybrite ’’ screw to a lug on one of the plates. Contact between the 
mercury cups of the experimental condenser and the terminals of the standard 
variable condenser was made by two lengths of No. 18 Glazite tinned copper 
wire which rested on ebonite mercury cup contact breakers, so designed that, 
although stray capacities were eliminated, a minimum movement of the connect- 
ing wires took place. 

The experimental condenser was immersed in a chlorobenzene bath contained 
in a 4-litre vacuum vessel surrounded by an earthed shield. The bath temper- 
atures were measured with thermometers which had been compared with N.P.L. 
standards, and they never varied more than 0-2° during each set of readings. 
Uniformity of temperature throughout the bath liquid, which circulated both 
inside the inner and outside the outer plates, was secured by a stream of air 
bubbles. Care was also taken to maintain the surface of the chlorobenzene at a 
standard level to avoid changes in the earth capacities of the plates. 

The apparatus as a whole was contained in an earthed shield, and separate sets of accumul- 
ators were provided for the oscillating and the amplifying valves. 

When the capacity in one of the two oscillators was varied, the resulting heterodyne note was 
passed through a simple two-valve low-frequency amplification stage with an earphone detector. 
The null point of the two oscillators was determined by taking the mean position between the two 
lowest notes audible in the earphone. The use of the lowest audible notes, which are sharply 
defined and of constant frequency, was both quicker and more accurate than that of matching 
two notes against a standard by the method of beats, and speed was of the highest importance 
because of the risk of error through evaporation of the liquids. 

Calibration of Apparatus.—The standard variable condenser was calibrated with a small 
fixed condenser. A comparison of the values for the dielectric constants of benzene and carbon 
tetrachloride (see below) given by the respective capacities of the experimental condenser in dry 
air and in the liquid concerned, with the best absolute values recorded in the literature (Hart- 
shorn and Oliver, Proc. Roy. Soc., 1929, A, 128, 685; Morgan and Lowry, J. Physical Chem., 
1930, 34, 2417 et seq.), showed that the effects of mutual and earth capacities, and of inductances 
arising from the leads and the distancing screws of the experimental condenser, have either been 
cancelled out, or are negligible with respect to the large air capacity of the condenser. 











Dielectric constants.* 
20°. 40°. 60°. 
2°2862 2°2472 2°2082 
Carbon tetrachloride 2-2409 2°1999 2°1589 


* Values of e are reduced to vacuum as unity. 


Purification of Materials —‘ B.D.H. Extra pure”’ benzene was frozen and drained twice, 
dried over phosphoric oxide for 2 days, and fractionally distilled. It had a constant b. p. and 


was shown to be free from thiophen; m. p. 5-3°. 
Carbon tetrachloride of ‘‘ A.R.”’ quality, supplied by B.D.H., was fractionally distilled, and 
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the middle portion collected. It was dried over calcium chioride and again fractionally distilled. 
The middle fraction had a b. p. range of less than 0-1°. 


I wish to express my appreciation of much help and encouragement from Professor C. K. 
Ingold, F.R.S., and my indebtedness to the Royal Society and Imperial Chemical Industries 
Ltd. for substantial grants, and to the Talbot-Stead Tube Co. Ltd. for the gift of the steel 
condenser plates. 

[Received, August 1st, 1933.] 
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313. The Resinols. Part I. B-Amyrin of Manilla Elemi. 
By F. S. SPRING. 


A RELATIVELY simple and complete separation of «- from $-amyrin is effected by fractional 
solution of the anisates in chloroform. 

By oxidation of $-amyrin acetate with hydrogen peroxide, oxy-fB-amyrin acetate is 
produced. Neither this nor the oxy-f-amyrin obtained from it by hydrolysis gives a 
coloration with tetranitromethane in chloroform solution, or absorbs bromine in a variety 
of solvents. It follows that they are saturated oxides (acetate oxide C,,H;,0,; alcohol 
oxide C,95H,;90,) (compare Vesterberg, Ber., 1891, 24, 3836; Rollett and Bratke, Monaish., 
1922, 43, 685), from which it is clear that 8-amyrin contains one double bond and is penta- 
cyclic (compare Ruzicka, Huyser, Pfeiffer, and Seidel, Annalen, 1929, 471, 21; Vesterberg, 
Ber., 1890, 28, 3186). 

With a view to shifting this inert centre of unsaturation to a more reactive position, 
attempts have been made toisomerise f-amyrin. With concentrated formic acid, the alcohol _ 
gives a formate, which yields unchanged $-amyrin on hydrolysis. It was not found possible 
to prepare the y-amyrin described by Dieterle (Arch. Pharm., 1931, 269, 78). Attempts to 
prepare an isomeride of 8-amyrin by the reduction of B-amyrone with sodium and boiling 
ethyl alcohol were abortive, 8-amyrin (isolated as the acetate) being the sole product of 
reaction. 

Partial isomerisation of 8-amyrin was achieved by treating the alcohol in glacial acetic 
acid with hydrogen chloride. The product was separated into B-amyrin acetate, identical 
with the ester obtained from $-amyrin by means of acetic anhydride, and $-amyrin iso- 
acetate differing considerably from the normal acetate in its physical characteristics. The 
new acetate resists all attempts at catalytic hydrogenation, although it still gives a 
coloration with tetranitromethane in chloroform solution. It is thus probable that its 
formation is not due to a wandering of the ethenoid linkage. 

Attempts to prepare a fully saturated derivative of B-amyrin by the reduction of 
8-amyrilene with sodium and amy] alcohol gave B-amyrene (C39H 9), a product still resistant 
to catalytic hydrogenation, although giving the colour reactions of an unsaturated hydro- 
carbon, and apparently identical with the hydrocarbon obtained by Ruzicka, Silbermann, 
and Furter (Helv. Chim. Acta, 1932, 15, 482) by the catalytic hydrogenation of 8-amyrilene. 
Catalytic reduction of B-amyrilene with palladium-black gave iso-f-amyrene, differing in 
physical characteristics from B-amyrene. 

EXPERIMENTAL. 


Separation of «- from B-Amyrin.—The amyrin mixture (170 g., isolated from Manilla elemi 
in the usual manner) in benzene (200 c.c.) was refluxed for 2 hours with pyridine (70 g.) and 
anisyl chloride (140 g.), the benzene then removed under reduced pressure, and the cooled 
solution treated with excess of dilute sulphuric acid. The solid was washed successively with 
dilute acid, water, and absolute alcohol, refluxed (170 g.) for 1 hour with ether (1000 c.c.), and 
then collected and thrice digested with cold chloroform (750 c.c.). From a solution of the 
residual solid in absolute alcohol, crystals of B-amyrin anisate separated on cooling, m.p. 251— 
252° as given by Dischendorfer (Monatsh., 1925, 46, 399). The three chloroform extracts, 
on concentration, gave decreasingly pure a-amyrin anisate, m. p. 191° after recrystallisation 
from ethyl acetate. 
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B-Amyrin anisate (30 g.), suspended in absolute alcohol (1500 c.c.), was refluxed with 
potassium hydroxide (40 g.) for 6 hours, water (300 c.c.) added, and the clear solution refluxed 
for 2 hours; $-amyrin was then precipitated by addition of water, and crystallised from 
ethyl acetate, forming long needles, m. p. 192°. 

Oxy-B-amyrin.—A solution of B-amyrin acetate (4 g.) in glacial acetic acid (200 c.c.) was 
heated with perhydrol (10 c.c.) on the water-bath for 2 hours. The product precipitated by 
water was crystallised from absolute alcohol, oxy-$-amyrin acetate separating in plates, 
m. p. 291—292° (Found: C, 79-3; H, 10-4. Calc. for C,,H,,0,: C, 79-3; H, 10-8%). Oxy- 
$-amyrin, obtained by hydrolysis of the acetate with 10% alcoholic potash, separated from 

‘ dilute solutions in alcohol and acetone in plates, m. p. 201—202° (Found: C, 81-2; H, 11:3. 
Calc. for Cy5H,,O0, : C, 81-4; H, 11-3%). Both the oxide and the acetate give a pink coloration 
with the Liebermann—Burchard reagent. 

B-Amyrin Formate.—$-Amyrin (1 g.) was refluxed for 2 hours with formic acid (5 c.c., 99%). 
The red solution, on cooling, deposited plates, m. p. 238° after two recrystallisations from ethyl 
acetate (Found: C, 82-0; H, 11-1. C,H; 0, requires C, 81-9; H, 11-1%). 

B-Amyrin isoAcetate-—f-Amyrin (5 g.), in glacial acetic acid (200 c.c.) maintained at 5°, 
was treated with a rapid stream of hydrogen chloride for 6 hours and the solution was then 
concentrated under reduced pressure to 50 c.c. The crystals which separated on cooling were 
washed with acetic acid and with water and recrystallised from ethyl acetate, B-amyrin isoacetate 
forming large plates, m. p. 246° (Found: C, 82-3; H, 11-0. C,,H;,O, requires C, 82-0; H, 
11-2%). The mother-liquor on concentration gave needles, m. p. 235° (after several recrystallis- 
ations), not depressed in admixture with authentic B-amyrin acetate. The isoacetate gives 
with tetranitromethane a less intense yellow coloration than that given by §-amyrin. 

B-Amyrene.—(a) B-Amyrilene (Vesterberg, Ber., 1887, 20, 1242) (2 g.) in amyl alcohol (100 
c.c.) was refluxed with sodium (20 g., added during 1 hour). Warm water was added to 
decompose the sodium amyloxide, the amyl alcohol removed under reduced pressure, and the 
residual oil distilled under reduced pressure. The main fraction, a yellow oil, b. p. 252°/12 mm., 
set on cooling to a resin, from which B-amyrene, m. p. 98°, was obtained in plates on repeated 
crystallisation from acetic acid (Found: C, 87-7; H, 12-2. Calc. for CyH;,: C, 87-7; H, 
12-3%). 

(b) B-Amyrilene (1 g.) in glacial acetic acid (30 c.c.) was shaken with hydrogen in the presence 
of palladium-black (0-5 g.) at 70° for 4—5 hours, 1 mol. of hydrogen being absorbed. The 
solution was decanted from the catalyst, precipitated with water, and ether-extracted. 
Removal of the ether left a solid, which after several crystallisations from ethyl acetate gave 
plates, m. p. 82—83° (Found: C, 87-6; H, 12-2. Cy 9H;. requires C, 87-7; H, 12-3%), depressed 
to 76° in admixture with the dihydro-derivative described above (a). 


THE UNIVERSITY, MANCHESTER. [Received, March 21st, 1933.] 





314. Preparation of Pure 1:5- and 1: 8-Dinitronaphthalene and of 
5-Nitro-1-naphthylamine. 


By HERBERT H. HopGson and JOHN WALKER. 


THE separation of the 1: 5- from the 1 : 8-dinitronaphthalene formed when naphthalene 
is dinitrated has hitherto been achieved by means of pyridine, sulphuric acid, and acetone 
(Friedlander, Ber., 1899, 32, 3531; Eckstein, Ber., 1902, 35, 3403; Ristenpart, ‘‘ Organ- 
ische Farbstoffe,” 1911, p. 11). The methods are tedious and in our experiments have 
failed to give either isomeride pure and in good yield. 

It has now been found that (i) boiling aqueous sodium sulphite dissolves only the 
1 : 8-dinitronaphthalene, leaving undissolved the whole of the 1: 5-isomeride; (ii) only 
the 1:5-dinitronaphthalene is reduced, to 5-nitro-l-naphthylamine, by sulphides of 
sodium, the 1: 8-isomeride remaining unattacked. Sodium hydrosulphide, disulphide, 
trisulphide, and pentasulphide give good results, but the monosulphide and ammonium 
sulphide are less efficient. The addition of magnesium sulphate is beneficial only in 
reductions with the monosulphide. 

Preparation of the Mixture of 1: 5- and 1: 8-Dinitronaphthalene.—The following method is 
better than those given in Cain’s ‘“‘ Manufacture of Intermediate Products for Dyes” (1919, 
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p. 171). 1-Nitronaphthalene (25 g.) is dissolved in concentrated sulphuric acid (100 c.c.) and 
nitrated below 5° by the gradual addition of a mixture of 1 part of nitric acid (d 1-4) and 5 
parts of concentrated sulphuric acid until the solution has turned to a pale straw colour. The 
colour change is very definite and affords an end-point accurate to within a drop or two of 
the mixed acid. If a smaller quantity of sulphuric acid is taken, a thick paste is produced 
which inhibits stirring. The nitration mixture is poured on ice, and the precipitate washed 
free from acid and left in paste form for interaction with alkaline sulphides, this precaution 
being essential for efficient working. 

Reduction of Pure 1: 5-Dinitronaphthalene by Sulphides.—The dinitronaphthalene (5 g.) 
was stirred with water (70 c.c.) at 90°, and a solution of the reducing agent (see table below) 
in water (40 c.c.) at 90° added during 15 minutes; after being maintained for a further 5 
minutes at 90°, the mixture was cooled, and the precipitate removed and extracted thrice at 
90° with hydrochloric acid (20 c.c. of concentrated acid and 200 c.c. of water). The combined 
extracts were treated with aqueous ammonia and the precipitate of 5-nitro-l-naphthylamine 


was removed, dried, and weighed. 


Mols. used per mol. % Yield of 
Reducing agent. of 1 ; 5-dinitronaphthalene. 5-nitro-l-naphthylamine. 
Sodium monosulphide ......... 16 29 
»  trisulphide............04. 1-05 35 
»  hydrosulphide ......... 16 33 
16 18 


Ammonium sulphide ............ 


The residue left after removal of the 5-nitro-l-naphthylamine gave a hydrochloride when 
its benzene solution was treated with hydrogen chloride, but the base was not identified (Found : 
N, 12-6%). Variation of the concentration of sodium trisulphide did not alter the yield of 
§-nitro-l-naphthylamine obtained. 

When pure 1 : 8-dinitronaphthalene was submitted to the procedure described above, each 
reducing agent produced a black sulphur-containing substance, from which no amine could be. 
extracted. The rates of reaction were much slower at 90° than those for the 1 : 5-isomeride, 
and were inappreciable below 65°, 

Separation of 1:8- from 1: 5-Dinitronaphthalene.—In each of the following reduction 
experiments the mixture obtained by the nitration of 1-nitronaphthalene (25 g.) was used. 

(a) Aqueous sodium monosulphide at 65°. The mixture was stirred with water (200 c.c.) 
and treated during 15 minutes with a solution of the crystalline monosulphide (17-3 g.) in 
water (40 c.c.). Stirring was continued for 10 minutes at 65° and for 10 minutes at 90°; then, 
after cooling, the solid was removed, washed with water, and completely freed from 5-nitro- 
l-naphthylamine by three extractions with concentrated hydrochloric acid (25 c.c.) and water 
(350 c.c.) at 90°. The residue was boiled with benzene (250 c.c.): the hot filtered solution, 
on cooling, deposited 1 : 8-dinitronaphthalene which, recrystallised from 100 c.c. of benzene, 
formed very pale yellow, rectangular plates, m. p. 172° (Friedlander, Joc. cit., gives m. p. 172°) 
(Found : N, 13-0. Calc. : N, 12-8%). 

(b) Aqueous sodium trisulphide. The above procedure was repeated, a solution of sodium 
monosulphide crystals (11-6 g.) and sulphur (3-1 g.) in water (40 c.c.) being used. The yields 
recorded are molecular percentages calculated on the quantity of 1-nitronaphthalene nitrated. 


% Yield of 


% Yield of 5-nitro- 1 : 8-dinitronaphthalene, 
Experiment. 1-naphthylamine. crude. purified. 
Ba) saneccccscsnacsoorcesens 10°8 35-0 (m. p. 155—168°) 28°6 
GED. eccscovecesoscecesenvese 9°2 36°2 (m. p. 160—167°) 30°1 


(c) Reductions at 90°. Although 1: 8-dinitronaphthalene is converted by aqueous sodium 
sulphides at 90° into black sulphur-containing substances, in a mixture of the 1: 5- and the 
1 : 8-isomeride the former is attacked first. The reductions were carried out as described 


above. 


% Yield of % Yield of 

Mol. of reducing agent per mol. crude 5-nitro- crude 1 : 8-dinitro- 

of 1-nitronaphthalene. l-naphthylamine. naphthalene (m. p.). 
0°5 Sodium monosulphide ...............:cseeeeeeeee 11-0 38°5 (160—170°) 
0°22 Sodium trisulphide .............:.seceseeeeeeeees 6°6 48°5 (140—150°) 
0°33 is 5e.| NRO enn eneamrenntenteden 12°3 38°1 (166—168°) 
038 _—C,, me SHemNnEnbennnNte 12°85 39°7 (165—168°) 
Se gg e_—i(i«éR RG wR wen enescceonneeesecesne 13°95 35°9 (165—170°) 
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The black sulphur-containing substance appeared for the first time in the last experiment. 
When benzene saturated with 1 : 8-dinitronaphthalene was used for the extractions, the yield 
of crude 1 : 8-dinitronaphthalene increased about 1-2 times; e¢.g., the 39-7% yield increased to 
47%. Estimation by titanous chloride indicated over 99% purity. 

(d) Reductions in presence of magnesium sulphate. 


Mol. of Mol. % of Mol. % of 
magnesium 5-nitro- 1 : 8-dinitro- 
Mol. of reagent. sulphate. l-naphthylamine. naphthalene (m. p.). 
0°5 Sodium monosulphide ............ 0°5 11-7 41°5 (161—167°) 
0°33 Sodium trisulphide ............... 1-0 5°5 46-0 (145—155°) 
0°33 - a.)  eupbeninteseinn 0°25 9:2 39°7 (163—167°) 


Isolation of Pure 1 : 5-Dinitronaphthalene.—When a suspension of the nitration mixture of 
1: 5- and 1: 8-dinitronaphthalene (1 mol.) in aqueous sodium sulphite (2 mols.) is boiled for 1 
hour, the 1 : 8-isomeride dissolves, leaving almost pure 1: 5-dinitronaphthalene (m. p. 210— 
215°; yield, 30% of the amount taken): this crystallises from acetone in colourless needles, 
m. p. 216° (Found: N, 13-0. Calc.: N, 12-8%). 


The authors thank Imperial Chemical Industries, Ltd. (Dyestuffs Group) for various gifts. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, July 29th, 1933.] 





315. Higher Aliphatic Compounds. Part V. Systems with Heptadecyl 
Alcohol and Heptadecane. Polymorphism of Octadecane. 


By Peccy C. Carey and J. C. SMITH. 


MIxTuREsS of heptadecyl alcohol with its nearest homologues differ from other systems 
described in these memoirs in that there are sudden changes at the equimolecular com- 
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position. The “ even-even ”’ mixtures hexadecyl and octadecyl alcohols (Part I; J., 1931, 
802) gave a clear Type III system. Malkin (J. Amer. Chem. Soc., 1930, 52, 3739) has con- 
cluded from X-ray measurements of alcohol crystals that there are two molecules in the unit 
cell. From a mixture of alcohols A and B there is thus the possibility of A~A, B—B, and A-B 
crystal units. In the system hexadecyl alcohol-octadecyl alcohol the smooth curves 
indicate that A—A can form a continuous series of solid solutions with B, and B-B likewise 
with A, these passing smoothly from one to the other at 50 molecules %. Here the big 
gap between liquidus and solidus may indicate the absence of A—B forms. 

In the even—odd system, heptadecyl alcohol—octadecyl alcohol (Fig. 1: the system 
hexadecyl alcohol—heptadecyl alcohol is very similar) the break in the curve is capable of 
at least two explanations. (i) The mixed crystals A-A with B do not approach the same 
crystalline form as those of B-B with A, so that at the equimolecular composition there is 
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a sudden change from one type to the other. This implies a difference in crystalline form 
between even and odd alcohols which is not obvious in the thermal behaviour of those 
studied, but the X-ray data (Malkin, /oc. cit., p. 3740) show definitely that at the melting 
point the crystal form with a “ vertical chain” is stable for the odd, and the form with a 
“ tilted chain ’’ stable for the even alcohols. (ii) Another explanation of the discontinuity 
in the even—odd systems is that A—B crystal units may be relatively stable and crystallise 
in the middle portion. This would give a system in which a ‘‘ compound ”’ A-B formed a 
continuous series of solid solutions with both A and B. No example of this type in a solid- 
liquid phase system has hitherto been recorded. 

The transition temperatures for mixtures of hexadecyl alcohol and heptadecyl alcohol 
(in the solid phase) fit on a smooth curve showing no complication at the equimolecular 
composition. This is probably due to the fact that these temperatures are well below the 
solidus and that changes have already occurred in the solid + liquid field. In the same way 
the X-ray photographs of palmitic and stearic acid mixtures (Piper, Malkin, and Austin, 
J., 1926, 2316), taken apparently at room temperature, gave no indication of the well- 
authenticated C,,H;,0,,C,,H,;,0, compound. Investigation of the problems by the 
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thermal method is rendered difficult by the small temperature differences involved com- 
pared with those met with in systems of inorganic substances. It is hoped to gain more 
information by a crystallographic study of the alcohols. 

Heptadecane crystallises in transparent plates («) which change reversibly into the 
opaque (8) form of ower melting point. This enantiotropic polymorphism is parallel to 
that of ethyl margarate, which also has an odd number of carbon atoms, just as the 
monotropic polymorphism of hexadecane resembles that of ethyl palmitate (Parts I and II). 
Octadecane crystals («- and §-forms) resemble those of ethyl stearate, but the «-form of the 
hydrocarbon is less stable, changing quickly to the 8 unless impurity is present. 

Both the hydrocarbon systems, hexadecane—heptadecane and heptadecane-octadecane, 
are of Type I (Fig. 2). As the dominant form is the transparent «-crystal common to 
both even and odd hydrocarbons, the systems differ little from that of hexadecane—octadecane 
(Part Il; J., 1932, 740). Near the extreme compositions hexadecane and (more slowly) 
octadecane undergo monotropic change to the $-forms. It is evident that most mixtures 
of paraffins of about these chain lengths will set to a transparent mass. Piper, Chibnall, 
and collaborators (Biochem. J., 1931, 25, 2088) showed that mixtures of hydrocarbons of 
about thirty carbon atoms give the simplest possible systems. Near the melting point, 
both the even and the odd hydrocarbons with more than eighteen carbon atoms exist in 
the «a-forms and the melting points of mixtures plotted against composition fall on a 


straight line. 
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EXPERIMENTAL. 


Heptadecyl Alcohol_—Several preparations of the alcohol have been made (a) from pure 
margaric acid, f. p. 61-1°, and ethyl margarate, f. p. 25-40° («-form), and (b) from margaric acid 
of f. p. 60-7—60-8°, ester f. p. 25-5—25-55° (raised probably by the presence of ethyl nonadeco- 
ate). Reduction with sodium and ethyl alcohol gave in the (b) series products of f. p. 52-9°, 
which were fractionated with a 60 cm. column at 0-1 mm. pressure: first fraction, f. p. 52-1°; 
main, f. p. 53-5°; third fraction, f. p. 53-4°. Crystallisation of any of these fractions or of the 
products of the (a) series from benzene or acetone gave heptadecyl alcohol of constant f. p. 
53-80°, m. p. 53-83° (m. p. in capillary tube 54-5°) (Found : C, 79-7; H, 14-2. Calc.: C, 79-7; 
H, 141%). 

If instead of fresh solvents the mother-liquors employed in Part IV (this vol., p. 637) were 
used for these crystallisations, the products melted at 54-0—54-2°. Specimens of m. p. above 
53-8° are now believed to be impure because (i) the behaviour on cooling is anomalous, solid of 
f. p. 54-2° changing, still in contact with liquid, to stable solid of f. p. 53-8°; (ii) 2-45 g. of alcohol, 
f. p. 54-2°, recrystallised from ethyl alcohol, gave 2-19 g. of f. p. 53-8° and evaporation of the 
solvent left 0-26 g., melting at 50—56° to a cloudy liquid (Found : C, 79-1; H, 13-6. Calc. for 
C,,H,;,O: C, 79-7; H, 14-1%); (iii) alcohol of f. p. 54-2° gave an acetate, f. p. 24-9°, falling 
during several crystallisations and a fractional distillation to 24-70° (the stable solid of f. p. 53-8° 
gives an acetate of constant f. p. 24-61°). Hydrolysis of the acetate, f. p. 24-7°, gave alcohol of 
f. p. 53-9°, and f. p. 53-8° after recrystallisation ; (iv) the iodide from “‘ 54-2°”’ had m. p. 33-5°, 
and f. p. 33-9°, m. p. 34-1° after two crystallisations from acetone (Found: I, 34-6. Calc.: 
I, 347%). ‘“‘ 53-8°”’ gives iodide (m. p. 34-0°) which, recrystallised once from acetone, melts 

at 34-1°, 

Mixtures of Heptadecyl Alcohol (f. p. 53-8°) with Hexadecyl and with Octadecyl Alcohol.—The 
mixtures all crystallised readily, although not as quickly as those with the impure alcohol, f. p. 
54-2°. As the solidus curves lie so close to the liquidus, special care has to be taken to determine 
the solidus points under standard conditions. The 50-50 composition has been passed through 
six times in these alcohol mixtures and every time a medial change of direction in the liquidus 
curve has been observed; the changes in the solidus curves are not outside the limits of experi- 
mental error. In each system there is a minimum which is slightly below the f. p. of the lower 
alcohol. 


Hexadecanol—Heptadecanol. 


C,,H;,°OH, C,,H;5°OH, 
mols. %. F, p. M. p. Solidus. mols. %. F. p. M. p. Solidus, 

0-0 49°22° 49°27° (49°1°) 49°5 50°73° 50°76° 50°3° 
3°3 49°19 49°24 49°1 53°4 50°92 50°95 50°5 
8°7 49°29 49°32 49-1 57°4 51°13 51°15 50°7 

24°0 49°62 49°66 49°4 64°3 51°55 — 51°2 

35°0 49°94 49°97 49°65 80°15 52°42 — §2°1 

45°2 50°45 — 50°05 93°4 53°27 53°30 53°1 

46-8 50°56 = 50°1 100 53-80 53-83 (53-7) 

Transitions in the solid. 
C,;H,5‘OH, mols. % ......... 0-0 42°5 58 82 86°5 100 
BOs cacencsccescccccensscnerges 40° 34° 35°8° 40° 41°3° 43°5° 
Octadecanol—Heptadecanol. 
C,,H,,°OH, C,,H;,°OH, C,,H;,;°OH, 
mols. %. F. p. Solidus. mols. %. F. p. Solidus. mols. %. F. p. Solidus. 

0-0 57°95° _— 40°95 55°58° 55°2° 65°75 54°46° 54°15° 
8°6 57°40 57°15° 44°7 55°38 55°1 85-2 53°98 53°8 

17°9 56°82 56°45 48°5 55°24 54°8 93-1 53°88 53°7 

28°5 56°22 55°85 50°4 55°15 54°75 97-2 53°73 53°7 

34:0 55°90 55°55 53°8 54°94 54°5 100 53°80 = 


Heptadecyl Iodide.-—Heptadecyl alcohol (f. p. 53-8°), heated with phosphorus and iodine, 
gave the iodide, which, crystallised from n-propyl alcohol—methyl alcohol and then acetone, 
had constant f. p. 34-05°, m. p. 34-13° (m. p. in capillary tube 35°) (Found: I, 34-6. Calc. : 
I, 34:7%). Gascard (Compt. rend., 1911, 153, 1486) gives m. p. 33-6°. The substance is very 
stable to light; it is sparingly soluble in acetic acid and in methyl or ethyl alcohol. 

Heptadecane.—Reduction of the iodide with zinc dust and acetic acid (Part III; this vol., 
p. 346) gave heptadecane (95% yield), which after crystallisation from propyl alcohol—methyl 
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alcohol and then acetone had constant f. p. 21-92°, m. p. 21-97° (m. p. in capillary tube 23°). 
Krafft and Weinlandt (Ber., 1896, 29, 1323) gave m. p. 22-5°. This paraffin crystallises in 
transparent plates which become opaque at ca. 10°. It is sparingly soluble in methyl and ethyl 
alcohols and in acetic acid; moderately easily soluble in »-propyl alcohol, acetone, and ether, 
and easily soluble in benzene and ligroin. 

Polymorphism of Octadecane.—All the specimens of this hydrocarbon after repeated crystallis- 
ation show a melting point of 27-9—28-0°, but may be cooled (unstirred) to as low as 27-4°. 
Transparent («) crystals then suddenly appear, the temperature rising usually only 0-1° to f. p.’s 
27-4—-27-8°; heating gives m. p. 27-9—28-0° in each case and the crystals become opaque. 
The f. p. of the «-form can better be estimated by extrapolation of the curve for the «-forms in 
the system heptadecane—octadecane, and the value 27-0° is then obtained; similarly the system 
with hexadecane gives f. p. 27-2° (Part II, Joc. cit.), so that octadecane appears to have f. p. 
ca, 27-1°. 

One specimen of octadecane (Part III, Joc. cit.) showed after the m. p. (28-0°) a clearing point 
at 29-8°, and addition of heptadecane (2%) lowered this point to 28-6°. A very small portion 
of the specimen after distillation melted at 28-0° (@-form) to a clear liquid. Possibly a small 
amount of impurity is the cause of the original clearing point at 29-8°. 

Mixtures of Hexadecane and Heptadecane.—These crystallise in the transparent a-form 
except when more than about 95% of hexadecane is present. 


Hexadecane—Heptadecane. 
C,7Hy36, 


C17H3.¢, : Cy7H3.¢, : 1 , 
mols. %. F. p. Solidus. mols. %. F. p. Solidus. mols. %. F. p. Solidus. 
0-0 18°1° (B) — 17-1 16°7° (a) 16°4° 49°95 18°5° (a) 18°1° 
2°3 176 ,, — 26°7 17°05 ,, 16°8 56°6 19°0 ,, 18°5 
57 16°5_,, — 35°0 17°55 ,, 17-2 79°9 20°55 ,, 20-2 
16°35 (a) 39°2 178, 17°5 90°8 21°35 ,, 21-1 
8-0 16°4_ ,, 16°2° 100 21°92 ,, —_ 


Mixtures of Heptadecane and Octadecane.—When more than 90% of octadecane is present; 
long branching needles (x) grow in the melt and appear to change slowly to thin plates (§). 
The f. p.’s and m. p.’s in this region vary with the procedure. Where the «-form is stable there 
is less than 0-1° between f. p. and m. p. The transition points are the temperatures at which 
there is an inflexion in the cooling curve for the solid, and correspond to the change from trans- 
parent to opaque form. These points fall on a smooth curve (not shown) similar to that in the 
system ethyl palmitate-ethyl margarate (Part IV, Joc. cit. Compare also Piper, Chibnall, and 
collaborators, Joc. cit.; Mumford and Phillips, Rec. trav. chim., 1933, 52, 185). 


Heptadecane—Octadecane. 


C,,H¢., F. p. M. p. Trans- C,7H¢,, F. p. M. Trans- 
mols. %. (a). (B) ition. Solidus. mols. %. (a). (B). ition. Solidus. 
100 21-92° — 10° — 79 26°54° 26°76° — 27°35° 
96°6 21°96 — 5 21-9° : ; 26°95 — — 
90°5 22:16 one 3 ats 585 26°63 1 07-15 
77°2 22-76 — — 22°5 42 27°13 — — 
61°25 23°49 — — 23°0 _ 27°45 
50°8 24°04 — — 23°4 2-0 27°50 — = 
40°85 24°60 — 5 24-0 oan 27°80 
30°76 25°15 — 11°5 24°8 1-9 27°43 — 27°4 
18-0 25°91 — — 25°65 jy 27°77 
9°2 26°47 26°55° — — 0-0 — 28°02 — ~- 
THE Dyson PERRINS LABORATORY, OXFORD. [Received, August 11th, 1933.] 





316. The Interaction of Benzoyl Chloride and Aniline in Carbon ° 
Tetrachloride and in Hexane Solution. 
By G. H. Grant and C. N. HINSHELWoopD. 


THERE are a number of reactions in solution, apparently bimolecular, which proceed at 
rates far smaller than the possible rate of activation of the molecules. In a previous paper 
(this vol., p. 258) we suggested exploring the hypothesis that reactions of this class are 
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usually between neutral molecules, while reactions in which an ion is involved generally 
take place as fast as the rate of activation allows. In looking for further examples of 
reactions between neutral molecules in non-polar solvents, we first investigated the inter- 
action of ammonia and methyl acetate in various solvents, but found no change in the 
absence of water. The ester was then replaced by acetyl chloride, and the rate was now 
immeasurably fast. The reaction between ammonia and benzoyl chloride in hexane was 
found to occur at a convenient rate, but the solutions lost ammonia very readily. Aniline 
was finally substituted for ammonia, and this reaction proved to be very suitable for 
measurement. The rate could be determined by filtering off and estimating the aniline 
hydrochloride formed. 


EXPERIMENTAL. 


The method of measurement was as follows, Standard solutions of aniline and benzoyl 
chloride were prepared, and stored in flasks with special externally-ground stoppers. Suitable 
proportions were mixed in tubes of 20, 40, or 80 c.c. capacity, which were stoppered and placed 
in a thermostat * controlled to 0-05°. After a known time a tube was removed and the aniline 
hydrochloride formed was filtered off through a fine filter-paper in a Gooch crucible and washed 
with solvent. The precipitate was transferred to a flask, dissolved in water to which were added 
the washings from the crucible and the original tube, and the chloride estimated by the Volhard 
method with N/100-silver nitrate, the whole procedure being carefully standardised. (The 
only detail which need be emphasised is the extreme importance of complete coagulation and 
separation of the silver chloride before the back titration with thiocyanate.) The quantities of 
reactant placed in the tubes were such that, whatever the dilution, the total equivalent of 
chlorine corresponded to 20 c.c. of the N/100-silver nitrate. 

The reaction takes place quantitatively in accordance with the equation Ph*COCI + 
2Ph-NH, = Ph:CO-NHPh + Ph*NH,Cl, no detectable amounts of by-products being formed. 
The benzanilide, when washed free from aniline hydrochloride with water and dried, melted 
sharply at 164°. The end-point of the reaction was the theoretical, in both solvents at all 
dilutions, and whether aniline or benzoyl chloride was in excess; e.g., when 10 c.c. of N/50- 
benzoyl chloride were mixed with 10 c.c. of N/25-aniline, the final titre was 19-95 c.c. of N/100- 
silver nitrate (calc., 20 c.c.); with reactants respectively N/200 and N/50, the value was 19-9, 
and with both reactants N/100 it was 19-8. Numerous determinations were made. 

The slow stage of the reaction is the formation of benzanilide and hydrogen chloride. The 
precipitation of aniline hydrochloride when hydrogen chloride and aniline are mixed in hexane 
solution is instantaneous and quantitative, as was shown in special experiments. 10 C.c. of 
N /25-aniline in hexane were treated with excess of a dilute solution of hydrogen chloride in 
hexane. The precipitate was at once filtered off, washed with hexane, and dried for some hours 
in a stream of air. It was then dissolved and titrated by the Volhard method. The number 
of c.c, of N/100-silver nitrate required in two cases was 40-0 and 39-7 (calc., 40-0). This experi- 
ment also justifies the analytical procedure adopted in the measurements of reaction velocity. 

Before the individual results in hexane and in carbon tetrachloride solution are discussed, 
their reproducibility must be considered. 

The carbon tetrachloride used was pure, free from sulphur compounds and elementary 
chlorine, and boiling over a range of not more than 0-2°. Whether used without special drying 
or refractionated over phosphoric oxide, it gave almost the same results. Two typical series of 
experiments are shown in Fig. 1, in which a is the concentration (g.-mols. /l.) of benzoyl chloride, 
that of the aniline being double in each case. , 

The hexane, free from aromatic hydrocarbons, was fractionated over a range 67-1—67-9°, 
sometimes from phosphoric oxide and sometimes not. All samples gave results in agreement ; 
e.g., at 25-1°, for a = 0-0025, in 874 minutes the percentage change in one sample of hexane was 
55-3 and, after the solvent had been refractionated from phosphoric oxide, it was 56-3. The 
two upper curves in Fig. 1 were obtained with different specimens of benzoyl chloride and aniline, 

and are typical of the degree of reproducibility at this concentration. One specimen of benzoyl 
chloride was fractionated five times, and finally collected over 0-5° in an all-glass apparatus ; 
the other was a twice-distilled Kahlbaum preparation boiling over the same range. The aniline 


* For experiments at low temperatures a Dewar vessel was used. It contained crushed ice and 
distilled water, and was stirred by a gentle current of air. Its temperature could be kept constant to 
about 001°. 
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was thrice distilled, after drying with potassium hydroxide, in the first instance, and in the 
second was redried and redistilled, finally over 0-2°. 

In hexane with N/100-benzoyl chloride, therefore, the results are fairly well reproducible. 
For N/400, although this cannot be shown on the scale of Fig. 1, they are also satisfactory, but 
at an intermediate concentration of N/200 they tend to be erratic in the region of 30—60% 
change. This effect is a real one, not attributable to experimental error. The explanation will 
appear later. 

The Reaction in Carbon Tetrachloride Solution.—Table I shows the course of the reaction and 
the influence of dilution. For given initial concentrations, the course is almost bimolecular, 
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TABLE I. 


Interaction of benzoyl chloride and aniline in carbon tetrachloride solution at 25-1°. 


Initial concentrations (g.-mol./1.) of benzoyl chloride and of aniline = a and b respectively; k is the 
bimolecular velocity constant in 1./g.-mol./sec.; #= time in minutes; x’ = change, %. 





or ( eS Pe 
=2 x 60f \100— 2’ 100/ ~“a° 
a = 0-0100, b = 0-0200. a = 0-0050, b = 0-0100. a = 0:0025, b = 0-0050. 
x’. t. k x 108, x’, t. k x 10°. x’, t. k x 108. 
10 9 10°3 10 20 9:26 10 56 6°61 
20 19 11-0 20 44 9°47 20 126 6-62 
30 31 115 30 77 9:28 30 208 6°87 
40 47-5 11-7 40 124 8:97 40 306 7:26 
50 71 11-7 50 190 8°77 50 470 7:09 
60 104 12-0 60 276 9:06 60 700 715 
70 154 12°6 70 400 9°72 70 1100 7:07 
80 254 13° 80 608 10-96 
90 389 10-3 


but the constant tends to fluctuate. The variations are not due to accidental errors, since 
the values in the table are taken from smoothed curves. With increasing dilution the bimolecular 
constants fall considerably. 

Since in each case b = 2a, the constants are derived from the formula dx /dt = k(a — x) (2a — 2x): 
two molecules of aniline are removed for each molecule of benzoyl chloride. A few experiments 
were made which showed that, with a doubled concentration of either one or the other reactant, 
points were obtained lying on the same curve; the significance of this result is discussed in the 
next section. 

Table II shows the influence of temperature, allowance being made as far as possible for the 
47 
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TABLE II. 
Interaction of benzoyl chloride and aniline in carbon tetrachloride solution at various 
temperatures. 


The initial concentrations are benzoyl chloride, 0°0100; aniline, 0°0200; &, is the value of k, a bimole- 
cular velocity constant, when the percentage change is +. 










Temp. 100. 100K. 1002 4p. 100% go. 
56°25° 3°16 3°78 3°71 4°22 
42:1 1:99 2°27 2°31 2°55 
25:1 1:04 110 1°17 1-20 
0:07 0°56 0°69 0°83 0°84 






E, = 7000 cal., Exp = 7600 cal., Ego = 7200 cal., Egg = 7900 cal. 






drift in the constants. The values for the three highest temperatures conform to an Arrhenius 
equation, from which the heats of activation given in the table are calculated. The constant 
for 0-07° is higher than corresponds to the equation. 

These results could be summarised by the statement that the reaction in carbon tetra- 
chloride solution is bimolecular, the constant decreasing in an anomalous way with increasing 
dilution, and the energy of activation, between 7000 and 8000 calories, being abnormally small 
for a reaction proceeding at the observed rate. 


TABLE III. 


Influence of glass surface (p = packed, wu = unpacked tube). 
Temp. 25°1°. Initial concentrations : benzoyl chloride = 0°0025, aniline = 0-005. 






















Solvent. Time. % Changed. Solvent. Time. % Changed. 
Hexane 470 36:3 p CCl, 460 57°38 p 
461 37°38 u 444 53°3 u 
649 49°38 p 670 673 p 
655 46:0 u 670 62°38 u 









The anomalies are best discussed after consideration of the reaction in hexane solution, 


where they all appear in a much exaggerated degree. 

The Reaction in Hexane Solution.—The influence of dilution becomes remarkably great, as 
may be seen in Figs. 1 and 2 and Table IV. In the table are given average values for four 
TABLE IV. 


Interaction of benzoyl chloride and aniline in hexane solution at 25-1°. Influence of dilution. 
Time, mins. 
































Initial concns., g.-mol. /l. rc A " 

~ A " ty. ty. ty. 

[C,H,°-COC]]. [C,H,°-NH,]. (averages.) “ Order ’’ of reaction. 
0:0100 0-0200 15°3 27°8 80°7 3°2 3°2 3°3 
0:0050 0-0100 72 125 398 31 33 3°2 
0:0025 0:0050 303 603 1800 , 

Mean ratio #;/¢; = 1°85 (theoretical for second order, 2°0). 
” ” ty /t, = 3°02 ( ” ” ” 3:0). 








separate series of experiments at each dilution, each series being of the type illustrated in Fig. 1. 
By working out the “ order of reaction’ from the dilution effect in the usual way, a value 
greater than 3isfound. On the other hand, the bimolecular constants, instead of falling during 
an experiment at a given initial concentration, as they would if the reaction were really termole- 
cular, actually rise considerably at first and then fall again, as shown in Fig. 2, Thus the 
reaction is autocatalytic, at least in its earlier stages. The autocatalysis is revealed more 
clearly in experiments with non-equivalent initial concentrations as in Fig. 3. On the upper 
curve of this figure the shaded circles refer to experiments in which there were 2 equivs. of 
benzoyl chloride to one of aniline, each being 0-0100M, while the open circles refer to initial 
concentrations of 0-005M-benzoyl chloride and 0-0200M-aniline. The fact that there are only 
minor differences, if any, between the two series shows that the concentrations of the two 
reactants enter in a symmetrical way into the equation for the reaction rate. Thus we cannot 
conclude from the dilution effect that the reaction is really termolecular, as it might be, ¢.g., 
if the interaction of the benzoyl chloride with the aniline only took place in the presence of a 
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second molecule of aniline which could remove as salt the molecule of hydrogen chloride produced, 
or if an impurity in one of the reactants were a necessary catalyst. 

Reactions of this kind are known often to take place much more rapidly in polar than 
in non-polar solvents; thus the large dilution effect might be interpreted as due to the change in 
medium caused by the diminished con- E 

: - IG. 2. 
centration of either reactant, each Fodnanitiidi ot tamed ditt adi titties Deities 
being assumed to be about equally eae Variation of Simalesaiar contents. : 
polar. This would mean that the re- 
action always required a collision with 35 
a third molecule of a polar nature, but Pe 
that the nature of this third molecule 30 
was not all-important. To test this a 
possibility, additions of anisole and of on 
nitrobenzene were made, with the 020.0100 
results shown in Fig. 3. The broken 
curve shows the course of the reaction 
with 0-005M-benzoyl chloride and 
0-0100M-aniline, and the other two 
curves show the effect of using as 
solvent 0-01M-solutions of the anisole 
and nitrobenzene in hexane. The 
results hardly substantiate the hypo- o—p-a+0-0050 
thesis of a rather non-specific, but very b—O-—— 4 =0:0025 | 
considerable ‘‘ medium effect.” a 

The true explanation of the dilution | 
effect appears to be connected with the % 20 40 7 30 700 
autocatalysis. If a reaction follows an , Percentage change. . 
equation such as dx/dt = kx(a — x)?, 
then it is easily seen to be of the third order with respect to dilution, but to give bimolecular 
constants which, for a given dilution, increase with the amount of substance transformed. 
The kinetics of the autocatalysis are, however, more complicated than the above equation 
suggests. The only products are aniline hydrochloride, which is quantitatively precipitated, 
and benzanilide, which is very sparingly soluble in hexane. Previous saturation of the sol- 
vent with benzanilide makes no difference (Fig. 3). Thus the autocatalyst must consist of the 
minute particles of solid product, probably of the highly polar aniline hydrochloride (the other 
solid product, however, is not excluded). This hypothesis explains the observations. As 
soon as the benzoyl chloride and aniline are mixed, a faint opalescence begins to appear uni- 
formly throughout the solution. On the nuclei further reaction presumably takes place much 
more readily. After a time the fine particles coagulate and much of the solid separates and 
sinks to the bottom of the tube, though fresh supplies of nuclei are being formed all the time, 
and the solution remains cloudy. Thus the initial rise and subsequent fall of the bimolecular 
constants in Fig. 2 can be accounted for. 

The extent of the autocatalysis must depend upon the relative rates of formation and growth, 
coagulation and settling of nuclei, diffusion of reactants, and on the adsorption of the various 
substances present in the solution, which may poison the nuclei or exert all or any of the influences 
which foreign substances are known to have on crystallisation phenomena. Thus the effect of 
adding nitrobenzene and anisole can be understood. The rather erratic results obtained at the 
intermediate dilution can be explained by some degree of uncertainty in the time of coagulation 
of the particles, the rate of which process, under theconditions in question, becomes commensurate 
with the rate of reaction. 

If the 80 c.c. reaction tubes were filled with 3-mm. bore glass quill tubing, very little difference 
occurred in the rate of reaction, as may be seen from Table III. 

The influence of temperature is represented in Fig. 4. The initial rate of reaction increases 
somewhat with temperature, but afterabout 50% change the curves for all temperatures approach 
one another closely. No energy of activation can be calculated, since the Arrhenius equation 
is not followed, but the order of magnitude of E would be about 4000—5000 calories for the early 
stages of the reaction, falling to about 500 only for the later stages. This behaviour is consistent 
with the assumptions made above, the fall in E to nearly zero occurring when the rate becomes 
mainly dependent on the diffusion of the reactants to the solid particles. 
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DISCUSSION. 


In carbon tetrachloride the reaction is more nearly bimolecular than in hexane. The 
constants drift less and vary with dilution toa much smaller extent. The temperature 
influence is more regular and considerably greater. Nevertheless, all the peculiarities of 
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the reaction in hexane appear to some degree in carbon tetrachloride, and there seems to 
be little doubt that the explanation of the abnormal behaviour is the same. 

Several points of theoretical interest now arise. If the unusually large dilution effect 
in carbon tetrachloride had been slightly smaller, the reaction would have passed for a 
simple bimolecular change, taking place with measurable speed at ordinary temperatures 
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and possessing a heat of activation of less than 10,000 calories. The rate would thus be 
several powers of ten less than that calculated from the usual simple exponential formula. 
We know, however, that when the catalytic influences to which this reaction is subject 
become more pronounced, as they do in hexane, the apparent energy of activation falls to 
an extremely small value, and the reaction assumes almost the character of one in which 
crystal growth is governed by a diffusion process. Thus the question arises whether the 
low energy of activation in carbon tetrachloride may not be spurious, and indeed, whether 
other “‘ abnormally slow ”’ reactions may not have hidden diffusion mechanisms even when 
they appear to be ordinary bimolecular reactions. 

This is improbable since not all the reactions of the “‘ slow ” type involve the precipit- 
ation of a solid product, and, moreover, the Arrhenius equation is sometimes obeyed quite 
well. Nevertheless, the present results show the need for circumspection. The problem 
here really is whether the catalytic type of process which predominates in hexane is the 
only one, or whether it is superposed on an ordinary bimolecular reaction, the latter pre- 
dominating in carbon tetrachloride. It seems more likely that there are these two pro- 
cesses, and that the varying heat of activation of the reaction in hexane depends upon 
changes in the relative proportions of the two, while the much more nearly constant value 
in carbon tetrachloride represents the predominance of the homogeneous process. The 
assumption that the catalytic reaction plays a much less important part in carbon tetra- 
chloride is consistent with the fact that the total rate is smaller in the latter solvent, except 
at the greatest dilutions. If this point of view is correct, then the principal reaction in 
carbon tetrachloride is bimolecular, and takes place at 25° at a speed corresponding to that 
of a “‘ normal”’ reaction with an energy of activation of about 20,000 calories. The observed 
value is under 8000, and even when corrected for any catalytic reaction could scarcely 
approach 20,000 calories. Thus the reaction definitely belongs to the slow class. 

Two final comments on these results may be made. On the one hand, the analogy’ 
between the behaviour in hexane and the numerous gas reactions which prefer a heterogene- 
ous to a homogeneous mechanism is worth noting. On the other hand, the action of the 
solid particles in the present example is possibly to be connected with their polar nature, 
and if this is so, it is perhaps to be regarded as analogous to the accelerating influence of 
polar solvents on many reactions. 


SUMMARY. 


The reaction between benzoyl chloride and aniline in carbon tetrachloride solution is 
approximately bimolecular, but is anomalous in several respects, especially in showing an 
unusual fall of the constant with dilution. In hexane the anomalies are accentuated and 
indicate that the reaction is largely catalysed by the solid particles of the product. The 
heat of activation is extremely small and variable. Care must be exercised in concluding 
merely from a small temperature influence that activating collisions are “ inefficient,’’ 
unless complications such as those found in this example are proved to be absent. Although 
there are similar catalytic effects in carbon tetrachloride solution, which explain the 
divergences from a simple bimolecular course, yet they are probably subsidiary to the 
homogeneous reaction, which itself is much slower than the possible rate of activation, in 
common with a number of other reactions between neutral molecules in solution. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, August 3rd, 1933.] 





317. The Mechanism of Chemical Reactions. 
By C. N. HINSHELWoOD. 


THE object of this paper is to point out that two contrasted groups of chemical reactions 
may possibly prove to correspond to a quantum-mechanical classification of physical 
processes. In a considerable number of chemical changes the rate of reaction can be 
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shown to be equal to the rate of activation of the molecules, and in still further examples 
the energy of activation is clearly the most important factor controlling the rate, even if 
there is no exact quantitative relation.* These may be called reactions of the first group. 
There are other reactions which appear to occur at only a small fraction of the rate at which 
the necessary energy can be communicated to the molecules. These may be called reactions 
of the second group. Possibly there is a continuous transition between the two types, but 
the available information is not extensive enough for a statistical investigation of this. 
For preliminary theoretical discussion, however, there is nothing lost by contrasting the 
extreme examples only. 

It is possible that the apparent slowness of the chemical change in the second group is 
sometimes illusory, and depends upon wrong assumptions about the nature of the reacting 
species, or upon the neglect of corrections which should be applied to the constant of the 
Arrhenius equation to obtain the true heat of activation.t Nevertheless, having regard 
to the considerable variety of types of reaction in which such behaviour is found, it is 
probably justifiable to say that in the second group the rate is largely determined by a 
probability factor independent of temperature, as well as by activation. 

Nearly all real chemical reactions are too complex to be treated in detail by quantum 
mechanics, which usually idealises them as, e.g., a simple change in displacement of two 
masses, or the passage of a single mass through a potential barrier. The great value of 
quantum-mechanical considerations, however, is qualitatively to indicate what general 
types of behaviour we may expect to encounter. In quantum-mechanical calculations 
about atomic systems two types of case arise. The first is exemplified by the calculations 
of Eyring and Polanyi (Z. physikal. Chem., 1931, B, 12, 279) on the energy of activation of 
reactions of the type XY + Z = XZ + Y, which occur whenever Z approaches XY with 
the requisite energy. The whole treatment involves nothing characteristically quantum 
mechanical except the calculation of the forces between the various atoms. The second 
type is exemplified in the numerous calculations of transition probabilities between states 
of equal energy. Transitions occur by “ resonance,”’ and the probability depends upon 
the magnitude of an integral containing the potential energy due to a “ perturbation ” to 
which the system is subjected. One of the most recent investigations of this type is that 
of Zeuer (Proc. Roy. Soc., 1933, A, 140, 660), who deals with transitions between excited 
attractive states of diatomic molecules and “crossing” repulsive states of different 
symmetry. Ordinarily such transitions are improbable, but are strongly favoured bya 
powerful external electric field. 

The question now arising is the following : can we correlate the first group of chemical 
reactions with the first type of molecular process, and the second group with the second 
type? To do this we should have to satisfy ourselves that a principle something like the 
following held good : whether the rate of reaction is equal to the rate of activation (or rate 
of passage through a potential barrier) or not, depends upon whether a large perturbing 
force is necessary, and upon whether or not the requisite perturbation is present. The 
available evidence is hardly complete enough, and the best use of the principle would be as 
a guide to further experiment, but some characteristic examples may be considered briefly. 

In the first group occur principally simple gaseous decompositions or interactions 
(Hinshelwood, of. cit.), and a considerable number of bimolecular reactions in solution 
(Moelwyn-Hughes, Chem. Revs., 1932, 10, 241), to which must be added certain reactions 
depending on collisions between solvent and solute molecules. In the second group are a 
few gas reactions such as the interaction of sodium vapour and cyanogen (von Hartel and 
Polanyi, Z. physikal. Chem., 1930, B, 11, 97), certain bimolecular reactions in solution 
(Christiansen, tbid., 1924, 113, 35; Norrish and Smith, J., 1928, 129; Moelwyn-Hughes 
and Hinshelwood, Proc. Roy. Soc., 1931, A, 181,177; J., 1932, 230), and unimolecular gas 
reactions, the condition for the existence of which is that the rate of activation must be 
considerably greater than the rate of chemical transformation. 

In the simplest gas reactions the perturbation may well be the collision itself, since 


* Hinshelwood, ‘‘ Kinetics of Chemical Change,’’ 3rd edition, 1933. 
+ An example of one type of complicating factor is to be found in the preceding paper. 
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quantum mechanics shows that collisions readily induce transitions of various kinds. But 
the duration (cf. Born and Weisskopf, Z. physikal. Chem., 1931, B, 12, 206) of a collision is 
small, and if the molecules leave the impact with energy divided among a large number of 
degrees of freedom, then the probability of the requisite internal transformations of this 
energy is small. This is shown rather strikingly by the fact that molecules such as nitrous 
oxide and acetaldehyde can be activated inseveral distinct ways (Fletcher and Hinshelwood, 
Proc. Roy. Soc., 1933, A, 141, 41), presumably depending on the location of the energy, for 
the same chemical transformation. Thus the internal redistribution of energy after 
collision must be difficult. In contrast with the small probability of decomposition of a 
complex molecule activated by ordinary collisions, we have the very effective activation 
sometimes caused by a collision with the right kind of catalyst molecule. For example, 
in the decomposition of certain organic compounds under the catalytic action of iodine, 
the rate of reaction approaches the rate of activation (and the activation mechanism is 
simplified to involve only two square terms of energy). The highly polarisable molecules 
of halogens are the best catalysts for such changes, andall the organic compounds susceptible 
to their action appear to possess dipole moments in the neighbourhood of the bond which 
has to be broken in the chemical change (Bairstow and Hinshelwood, Proc. Roy. Soc., 1933, 
A, 142, 77). Another fact which may not be without significance is that one of the 
“slowest ”’ of the unimolecular gas reactions is the isomeric change of methyl maleate 
(Nelles and Kistiakowsky, J. Amer. Chem. Soc., 1932, 54, 2208) which involves, not a 
decomposition, but the more delicate process of an internal rearrangement. The inter- 
action of cyanogen and sodium must involve some rather important transitions of carbon 
valency electrons, and it is easy to believe that the process is improbable in the quantum- 
mechanical sense even in a collision. 

Of bimolecular reactions in solution, it may be significant that the great majority of © 
those at present known to take place at a rate given by the simple formula number of. 
collisions x e*!/®7, involve collisions between a molecule and an ion (Grant and Hinshel- 
wood, this vol., p. 258; for list, see Moelwyn-Hughes, Joc. cit.), e.g., an alkyl halide and an 
ethoxylion. The enormous perturbation due to the ionic field may be of much more than 
secondary importance in creating the right condition for the “ efficiency ” of the collisions. 
Examples of slow reactions of the second group are, as far as is known, much commoner 
among interactions of neutral molecules, for example, the combination of tertiary amines 
and alkyl halides (Menschutkin; also Christiansen, Norrish and Smith, Moelwyn-Hughes 
and Hinshelwood, Jocc. cit.), the esterification of acetic anhydride by alcohol (Moelwyn- 
Hughes and Hinshelwood, /oc. cit.), the chlorination of phenolic ethers and anilides (Roberts 
and Soper, Proc. Roy. Soc., 1933, A, 140, 71), the benzoylation of aniline (preceding paper), 
the rearrangement of N-bromoacetanilide (Bell, Proc. Roy. Soc., in the press) under 
the influence of undissociated acid molecules in chlorobenzene solution. Reactions of this 
kind may be more complex than they appear at first sight and only long and detailed 
investigation can settle the matter, but they are certainly characterised by very small 
apparent heats of activation and a difference between possible rate of activation and actual 
rate varying from 10* to 108, in contrast with almost exact agreement in some of the 
examples of the other class. One possible explanation, at least, is that the transition 
probabilities in the encounters are so small that a low energy of activation does not lead to 
a correspondingly rapid reaction. These reactions are very sensitive to the environment 
of the molecules. A rough qualitative parallelism between dielectric constant and rate of 
reaction in a given solvent has long been known, though there is nothing like a systematic 
relation. Solvent molecules with a large electric moment are of the kind to provide the 
necessary perturbing actions. The presence of water in non-aqueous solvents, and the 
action of polar surfaces may also be regarded as providing electrostatic perturbing fields. 
(Roberts and Soper point out that in some of the “ slow ”’ bimolecular reactions referred to 
there is a large difference in polarity between the reactants and the products, a fact which 
may be of importance.) 

In connexion with the possible importance of electrostatic perturbations, it is interesting 
to consider the electronic displacements which, according to the theories of Robinson and 
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others, play so great a part in many of the reactions of organic chemistry. We can con- 
ceive a class of reaction where the requisite disturbance of the participating molecules is 
produced so much more easily by an intense local field than by the thermal oscillations that 
the activation factor ceases to be all-important or may even in extreme cases become 
insignificant. 

The whole picture must remain a very complicated one, and there will doubtless be 
many apparent contradictions. For example, the oxidation of picric acid by potassium 
permanganate (Musgrave and Moelwyn-Hughes, unpublished results) seems to be a 
reaction of the “slow type,” despite the fact that one of the reactants at least is 
an ion, but this is a complex case, and apart from anything else, the possibility that the 
reactants are two negative and repelling ions has to be considered. The decomposition of 
chlorine monoxide in solution, as in the gas, has about the normal rate: but here, although 
we have two neutral molecules, we have a fairly simple decomposition reaction. 

The object of the present note is certainly not to propose any premature generalisations, 
but simply to suggest that ultimately some contribution to the systematisation of chemical 
kinetics may be extracted by considering a possible classification of thermal reactions into 
those where activation is of primary importance and those where the action of perturbing 
fields is of great influence in affecting the probability of transitions. As far as we can see 
at present, the former class would be the larger and more important, but the latter by no 
means negligible; or, if we regard all reactions as intermediate between these two ideal 
classes, we may expect the majority to conform more nearly to the former than to the 
latter. 

In the former class the energy factor, and in the latter, environmental influences, would 
be of primary importance. This consideration suggests the line of experimental approach. 


PHYSICAL CHEMISTRY LABORATORY, BALLIOL COLLEGE AND TRINITY COLLEGE, 
OXFORD. [Received, August 3rd, 1933.] 





318. The Specific Effect of the Solvent in Electrolytic Dissociation. 
By D. J. G. Ives. 


ELECTROLYTES may be conveniently arranged in three groups, according to the adequacy 
with which their behaviour in dilute solution has been explained. The first group com- 
prises completely ionised electrolytes, the behaviour of which is satisfactorily explained by 
the Debye—Hiickel—-Onsager interionic attraction theory. The second group, incompletely 
ionised electrolytes, may be subdivided into : 

(1) Acids, for which the shape of the conductivity—concentration curve in solvents of 
high dielectric constant is defined by mass action and interionic attraction, and the extent 
of ionisation by structural considerations, the Brénsted—Lowry theory, and the variation 
of ionic activity with dielectric constant (Brénsted, J. Physical Chem., 1926, 30, 777; 
Hammett, J. Amer. Chem. Soc., 1928, 50, 2666; Halford, ibid., 1931, 53, 2939; Wynne- 
Jones, Proc. Roy. Soc., 1933, A, 140, 440). 

(2) Salts, mainly of the substituted ammonium type, for which the extent of ionisation 
is more or less defined by the dielectric constant of the solvent (Walden, “‘ Elektrochemie 
nichtwasserige Lésungen,” 1924, p. 355; Z. physikal. Chem., 1930, 147,1; Fuoss and Kraus, 
J. Amer. Chem. Soc., 1933, 55, 21, 1019), but which may exhibit conductivity curves of 
abnormal shape in solvents of low dielectric constant. 

(3) Salts in which the ions depart from inert-gas structure, for which the shape of the 
conductivity curve in water is determined largely by incomplete dissociation and auto- 
complex formation (Davies, ‘‘ Conductivity of Solutions,” 1933, p. 190). The extent of 
ionisation of this class of salt must be governed mainly by specific ionic and solvent effects. 

The third group consists of abnormal electrolytes, the behaviour of which has been 
explained only by rejecting the ordinary electrolytic dissociation theory (Kendall, Proc. 
Nat. Acad. Sci., 1921, 7,56; Fredenhagen, Z. physikal. Chem., 1931, 152, 321, etc.). 
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It is possible that the study of salts containing ions of non-inert gas structure will throw 
considerable light on the whole problem of electrolytic dissociation. Riley and Fisher 
(J., 1929, 2006) suggested that the tendency of the cation to act as an acceptor of electrons 
and the co-ordinating tendency of the anion were two major factors influencing degree of 
ionisation. This view has been supported by subsequent work (Riley, J., 1930, 1642; 
Ives and Riley, J., 1931, 1998; 1932, 1766) showing the relationship of dissociation con- 
stants of salts of the type MA with the nature of the cation and with the co-ordinating 
tendency of the anion, as measured by the stability of the corresponding complex anion 
[M(A)z]’. The present work is concerned, not only with these two factors, but also with the 
part played by the solvent. 

Riley and Fisher (loc. cit.) observed that copper malonate was a very weak electrolyte 
compared with zinc malonate, whereas copper and zinc sulphates were electrolytes of equal 
strength. This has been attributed (Ives and Riley, J., 1931, 1998) to the powerful co- 
ordinating tendency of the malonate ion, which, with the help of the high localisation of 
charge on the copper ion, is able to break down the sheath of water molecules normally 
solvating the cation. The abnormality of copper malonate therefore might be expected 
to disappear in a solvent providing a more stable solvated sheath. The search for such a 
solvent is limited by solubility, but this difficulty can be overcome to some extent by 
adding a suitable second liquid to the aqueous solution and observing the trend of the 
conductivity changes which may occur. Pyridine has been selected for this purpose, 
since it has a high co-ordinating tendency (as shown by the stability of pyridino-complex 
salts) and is completely miscible with water. The effects of pyridine additions to aqueous 
solutions of copper malonates, oxalate and sulphate, zinc malonate and sulphate, and 
nickel malonate and sulphate have been studied, and the results, which lend considerable 
support to the above views, are discussed in a later section. 


EXPERIMENTAL. 


A solution of the salt under investigation was titrated with a second solution, of the same 
molarity with respect to the salt, containing a known concentration of pyridine. The aqueous 
salt solutions were made up by weight in a 1 1. wide-mouthed Pyrex flask and, by means of 
previously determined density data, adjusted to have an exact concentration at 25°. The 
flask was fitted with a stopper carrying a dipping conductivity cell, a thermometer, and a burette, 
and was immersed in a thermostat at 25° + 0-01°. For each titration, two aqueous pyridine 
solutions were made up by volume at room temperature, one containing 5% of pyridine (at 25°) 
for the detailed study of the early stages of the titration, and the second containing 40% of 
pyridine (at 25°). 

The bridge and the method of purification of the salts have already been described (Ives and 
Riley, Joc. cit.). The pyridine was purified by a preliminary distillation from potassium hydr- 
oxide and finally by two distillations from calcium oxide, head and tail fractions being rejected. 

After each addition of the aqueous pyridine solution from the burette, the conductivity flask 
was shaken and a conductivity reading taken when sensible constancy had been obtained. 
Accuracy of measurement was not favoured by the conditions of the experiments, but was 
sufficient for the present purposes. A solvent correction was applied by subtracting the specific 
conductivities observed during a similar titration using water and pyridine alone, the maximum 
correction being of the order of 8-0 x 10 reciprocal ohm. Whilst this cannot be considered 
strictly accurate, such a correction is probably of the right order, since most of the solutions 
examined contained a very large excess of pyridine over salt. Equivalent conductivities were 
calculated and corrected for the relative viscosity of the solvent, and are shown graphically in 
the figure, where the concentration of salt is 0-002N unless otherwise stated. Titrations at 
normalities of 0-01 and 0-0004 were also carried out with similar results to those at 0-002 : some 
of these curves also are shown in the figure. 

The initial stages of the curve for copper oxalate are missing owing to the practically complete 
insolubility of this salt in water. It is, however, soluble in water containing a small amount of 
pyridine, so the curve could be obtained without difficulty. The initial stages of the curves for 
the copper malonates were almost linear, and an extrapolation of the oxalate curve to zero 
pyridine concentration was made in order to estimate the dissociation of this salt in water. To 
obtain as accurate a result as possible, some measurements were made in a cell of more satis- 
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factory type (Cell II; Ives and Riley, Joc. cit.), all solutions being made up by weight and con- 
taining as low a pyridine concentration as 0-1%. Owing to the exceedingly small conductivities 
involved and the uncertainty of the solvent correction, little more could be done than fix an 
upper limit of the dissociation constant, which was obtained as 0-14 x 10°. This value, con- 
siderably less than that of the malonate (0-51 x 10°), is in conformity with Riley and Fisher’s 
views, since oxalato-complex salts are more stable than the corresponding malonato-salts (Riley, 
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J., 1929, 1307), indicating a higher co-ordinating tendency, as might be expected from the 
greater localisation of charge on the carboxyl groups caused by the absence of the buffering action 
of the median methylene group. 


DISCUSSION. 


The most striking feature of the results is the increase in the conductivity of the copper 
malonate solutions with increasing concentration of pyridine. Although the results have 
been corrected for the viscosity of the solvent and hence for the changes of mobility of inert 
ions (as shown by the constancy of Ay/y for potassium chloride), the correction will only 
be partial for those cases where the solvent has a definite co-ordinating action on the cation. 
The increase in conductivity of the copper salts, therefore, almost certainly represents a 
still greater increase in ionisation. Such mobility changes have been neglected in working 
out approximate degrees of dissociation in the following text, but this omission does not 
affect the arguments concerning the copper salts alone. 

It was thought that the decrease observed in the conductivity of the nickel malonate 
solutions was probably due to such mobility changes; the highly dissociated sulphates of 
the three metals were therefore examined. The sharp decrease shown by copper 
sulphate indicates an initial fall in the mobility of the copper ion, followed by a slight 
increase due to increasing ionisation, small in extent owing to the already extensive dis- 
sociation of the salt. The steady decrease shown by nickel sulphate may be interpreted 
as due to a decrease in mobility, any increase in ionisation being so small as to be completely 
masked. Zinc sulphate was found to be slightly hydrolysed in the presence of pyridine, 
but after the resulting initial rise, a sensibly constant value of Ay/n was obtained, 
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These results indicate that, if a complete correction for changes of ionic mobility were 
possible, it is likely that copper malonate would show a still larger increase in ionisation, 
nickel malonate an appreciable increase, and zinc malonate a small increase. 

It may be suggested that, since the addition of pyridine to a solution of copper malonate 
causes the formation of a complex salt (compare Koch, J., 1931, 1418; Auméras and 
Tamisier, Bull. Soc. chim., 1933, 53, 97), and since all complex salts that have been studied 
by the conductivity method are highly ionised, an increase in ionisation is only to be 
expected. This may be so, but it is nevertheless a striking fact that the conductivities of 
copper, nickel, and zinc malonates in 10° aqueous pyridine bear a relationship to each 
other similar to that between the conductivities of the corresponding sulphates in water. 
This is shown in Table I, giving approximate degrees of dissociation in 0-01N-solution. The 


TABLE I. 
% Dis- % Dis- 
Salt. Solvent. sociation. Salt. Solvent. sociation. 
Copper malonate ... Water 3°7 Zinc malonate ...... 10% Aq. pyridine 20 
Nickel malonate ... is 14°3 Copper sulphate ... Water 62 
Zinc malonate ...... id 20-2 Nickel sulphate ... nA 60 
Copper malonate ... 10% Aq. pyridine 17 Zinc sulphate ...... ‘is 64 


Nickel malonate ... Ps 13 


values for the sulphates have been taken from Landolt—Bérnstein’s “‘ Tabellen,” and, since 
they are derived from conductivity ratios, are only approximately correct, but are probably 
reliable relatively (thus, according to Cowperthwaite, Trans. Faraday Soc., 1933, 29, 
593, zinc sulphate is completely dissociated in 0-01M-solution). 

It may be suggested, by analogy, that the high conductivity of copper sulphate in water | 
is due to the formation of a complex salt, and that the solvation of ions may, in general, 
vary between the limits of definite complex formation and the mere orientation of solvent 
dipoles round the charged ion (compare Hughes and Hartley, Phil. Mag., 1933, 15, 610). 

The suggestion regarding the breaking down of the solvated sheath of the copper ion 
in aqueous solutions of copper malonate (Ives and Riley, /oc. cit.) is supported in the manner 
expected, and an attempt is now made to express this phenomenon in a manner capable of 
more general application. 

It is believed that the behaviour of at least this class of electrolyte can be expressed in 
terms of the electron-accepting tendency of the cation and the co-ordinating tendencies of 
the anion and of the solvent. These three factors must be considered together, and their 
mode of operation is suggested under the following headings. 

(1) If the co-ordinating tendency of the anion is greater than that of the solvent, dis- 
sociation will tend to be small; if the co-ordinating tendency of the solvent is the greater, 
it will tend to be large. The extent to which this competition between the anion and the 
solvent is effective will depend upon the electron-accepting tendencies of the cation. 

(2) If the anion has the greater co-ordinating tendency, the differences in the degrees 
of ionisation of a series of salts with a common ion due to the specific properties of the other 
ion will be apparent. 

(3) If the solvent has the greater co-ordinating tendency, the differences in the degrees 
of ionisation of a series of salts (a) with a common anion may more or less completely 
disappear owing to the stable solvation of the various cations, (b) with a common cation 
(which will be stably solvated) may still be apparent but to a small or vanishing extent on 
account of the recessive part played by the anions in controlling the ionisation. 

The similarity of this scheme to that suggested by Hunt and Briscoe (J. Chem. Education, 
1929, 6, 1716) for acids, and, in particular, to the Brénsted—Lowry theory of acids (Bronsted, 
Rec. trav. chim., 1923, 42,718; Lowry, Chem. and Ind., 1923, 42, 43), will be at once apparent, 
and it is, indeed, likely that a theory which has been applied so successfully to one class of 
weak electrolytes should have some bearing on another class of weak electrolytes. The 
analogy will also be seen with the so-called “‘ levelling effect ” of water on the strengths of 
acids (Hantzsch, Ber., 1925, 58, 612; Conant and Hall, J. Amer. Chem. Soc., 1927, 49, 3062 ; 
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Hammett, Joc. cit.; Hantzsch and Voigt, Ber., 1929, 62, 975) and with the differentiating 
solvents of Walden and Birr (Z. physikal. Chem., 1933, 163, 263). 

In Table II approximate degrees of dissociation for some malonates and sulphates in 
0-01N-aqueous solution are shown. The co-ordinating tendency of the malonate ion is 
much greater than that of water, and the individual differences due to the different cations 
are thus very marked; the co-ordinating tendency of the sulphate ion is less than that of 
water and the individual differences are lost. 


TABLE II. 


g Cd Zn Ni 
% Dissociation: malonate , 34 20°2 14:3 
sulphate 61 64 60 


It is apparent from the figure that the copper salts show markedly different behaviour 
on titration with pyridine, and in Table III approximate degrees of dissociation in 0-002N- 
aqueous and 10% aqueous pyridine solution are shown. 


TABLE III. 


% Dissociation. 





Copper salt. In water. In 10% aqueous pyridine. 


Dimethylmalonate 81 
Malonate 4:9 
isoPropylmalonate 41 
Oxalate 2°6 


(shown by heavy lines in the figure) 


It will be seen that the ratio of the dissociation of the oxalate to that of the zsepropyl- 
malonate in water is almost unaltered in the pyridine solution, that between the zsopropyl- 
malonate and the malonate greatly increased, and between the malonate and the dimethy]- 
malonate reduced. The suggested interpretation of these results is as follows. The 
co-ordinating tendency of 10° aqueous pyridine lies somewhere in the region between 
those of the zsopropylmalonate and the malonate ions, being slightly greater than those 
of the malonate and the dimethylmalonate and slightly less than those of the ssopropyl- 
malonate and the oxalate. The latter two salts therefore retain their difference, whereas 
the former are beginning to lose their specific characteristics. In other words, the same 
relationship exists, to a lesser extent, between copper malonate and copper isopropyl- 
malonate in aqueous pyridine as that between copper sulphate and malonate in water. 

It has been pointed out (Riley, private communication) that the assignment of a definite 
co-ordinating tendency to a solvent (particularly a mixed one) is hardly permissible, except 
possibly under rigidly defined conditions. Many factors must come into play, the chief of 
which is statistical, involving the relative probabilities of the occurrence of suitable con- 
junctions of ions and molecules for the formation of undissociated molecules and stable 
ion-solvent complexes, in relation to the prevailing conditions of concentration of the 
respective species. A further factor may be the type of stability of the solvated ion. It 
may be that the removal of one solvent molecule from the co-ordinated sheath is followed 
by an immediate loss of stability of the whole sheath. 

In these arguments it has also been tacitly assumed that the ions associate to form 
simple molecules. Actually this process must be followed by the formation of auto- 
complexes, but since the same factors determine the stability of the latter, this probably 
does not invalidate the arguments. In spite of these complications, it is believed that the 
relationships suggested are true. 

On the basis of this theory, a high degree of dissociation may be due to two causes : 

(a) Inertness of the cation, the anion having a greater co-ordinating tendency than the 
solvent. Here the specific characteristics of the ions will have full play, and the individual 

differences due to the different anions will be apparent. Thus, although the zinc malonates 
as a class are much stronger electrolytes than the copper malonates, individual differences 
due to different substituents are just as marked (Ives and Riley, J., 1931, 1998). 
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(6) The greater co-ordinating tendency of the solvent as compared with that of the 
anion, when specific effects are not apparent. 

It is thus clear that the behaviour of an electrolyte cannot be taken as direct evidence 
of the properties of the ions unless it can be proved that the ions are taking a greater control 
of the dissociation than the solvent, and it is also clear that a solvent which may be a 
“ differentiating solvent ”’ for one series of electrolytes may be a “ levelling solvent ’’ for 
another series. 

Recent work has shown how difficult the interpretation of conductivity results may be, 
many cases of the reversal of the relative strengths of acids on changing from one solvent 
to another having been reported (Rabinovitch, Z. physikal. Chem., 1928, 1382, 83; Hunt 
and Briscoe, loc. cit.; Halford, J. Amer. Chem. Soc., 1931, 53, 2944; Wynne-Jones, loc. cit.). 
Walden (Z. physikal. Chem., 1930, 148, 45) has reported changes in the relative strengths of 
electrolytes between solvents of about the same dielectric constant. The reversal of the 
order of magnitude of the conductivities of copper and nickel malonates on changing from 
water to aqueous pyridine is another interesting case, although it is possible that this 
anomaly would disappear if a complete correction for mobility changes were made. 

The question arises as to why the titration curves of the copper salts show signs of 
having reached a maximum at about 10% of pyridine ; if pyridine has a higher co-ordinat- 
ing tendency than water, why does the increase in conductivity not persist until the solvent 
is 100%, pyridine? The answer to this question is probably found in the increase of the 
absolute activities of the ions due to the decreasing dielectric constant of the solvent (shown 
in the figure by a broken line), whereas the activities of the undissociated molecules are little 
changed (compare Bjerrum and Larsson, Z. physikal. Chem., 1927, 127, 358; Bronsted, 
Chem. Rev., 1928, 5, 231; Hammett, Joc. cit.). Hartley, Thomas, and Applebey (J., 1908, 
93, 538) have also observed that a mixture of pyridine and water appears to be a more 
strongly dissociating solvent than either component alone, and Walden, Audrieth, and Birr 
(Z. physikal. Chem., 1932, 160, 337) have found that silver and alkali-metal salts in pure 
pyridine, far from being completely dissociated, exhibit marked differences in dissociation, 
the silver salts being the most highly conducting. These differences, apart from the fact 
that the silver ion probably has a greater electron-accepting tendency than the other ions 
(compare Koch, J., 1931, 1138), must be mainly due to variations of ionic activity in a 
solvent of low dielectric constant as a function of ionic size. In other words, in a solvent 
of low dielectric constant electrostatic forces governed by Coulomb’s law become of major 
importance compared with “ co-ordinative ” forces, which are chemical in nature and are 
probably not governed by Coulomb’s law. 

Another factor tending to make pure pyridine a solvent of comparatively small ionising 
power is the small tendency which it must possess to solvate anions, since it has “‘ donor ”’ 
properties only (compare Ulich, Trans. Faraday Soc., 1927, 23, 388, who found that anions 
were little solvated in pyridine). 

Another process which may operate in determining the ionisation of an electrolyte is 
the converse of that so far considered, namely, the competition between the cation and the 
solvent for the anion, but this will probably seldom play a great part, since the electron- 
donating tendencies of most solvents outweigh their electron-accepting tendencies, 


The author records his thanks to Prof. H. L. Riley for helpful criticism and to Mr. W. G. 
Wren for the measurement of dielectric constants. 
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Fifteenth Faraday Lecture. 
DELIVERED AT THE ROYAL INSTITUTION ON MARCH 29TH, 1933. 
By PETER DEBYE. 


Relations between Stereochemistry and Physics. 


NEARLY a hundred years ago, shortly before Christmas in the year 1837, a paper on “‘ Induc- 
tion ’’ was read before the Royal Society, the 11th series of Faraday’s experimental re- 
searches. The paper had been completed on the 16th of November and handed in on 
the 30th, and contains in its second part the discovery of the dielectric action of insulators. 
Although we know now that Cavendish had already observed the effect, this was at that 
time entirely unknown. It is a wonderful task, here in these rooms, where, right up to the 
present day, the spirit of Faraday has been so successfully guarded and nurtured, to be 
allowed to describe to you how the tree which Faraday planted has grown, and what rich 
fruits the chemist can now gather from it. Faraday was not one of those physicists who 
are satisfied with the discovery of new phenomena, and their exact description. The 
basis on which all his discoveries are built is a lively and detailed picture of how an action 
is propagated from place to place, and what alterations the smallest particles of matter 
experience. Perhaps such a basis is hard to find in the work of so many other researchers 
only because, in their published works, they coyly withhold the disclosure of the necessarily 
incomplete and hypothetical pictures with which they actually work. At any rate, in 
Faraday’s case we are enabled, by means of his open and thorough notes, to follow the 
whole development of his discoveries, and the pictures which filled his mind during their 
growth. 

Thus, his discovery of the dielectric constant leads him at once to a picture of what 
happens in the individual molecules of an insulator when they come under the influence 
of an electric field. He supposes that they come into a constrained condition, which only 
remains as long as the external field is applied, and consists in the particles being polarised, 
that is, as Faraday expresses it, “‘ the particles assuming positive and negative points or 
parts.” In point of fact, this is exactly the conception we have to-day of the dielectric 
action of simple atoms. If we take the helium atom as an illustration, it has in its normal 
state an electron cloud with centrally symmetrical density distribution. In an electric 
field, the nucleus is displaced in one direction, the electron cloud in the opposite, with some 
alteration in its density distribution. In this way arises the polarised state, which Faraday 
imagined. It is not unimportant that we should be clear on the fact that the atomic 
distortions experimentally producible are always very small. The dielectric constant 
observed in gaseous or liquid helium, for instance, can be accounted for if in a field of 300 
volts per cm. the displacement of the nucleus is 2 x 107¢cm., that is, less than one hundred 
millionth of the diameter of the atom. 

If we transfer our attention from simple atoms to molecules, we must nowadays recognise 
that deformation is not the only cause of the observed dielectric action. When a piece of 
iron is attracted by a magnet, and the question is asked “‘ Why does this occur ?”’ the 
answer is—The iron becomes magnetically polarised, in the same way as an insulator 
becomes electrically polarised in an electric field. But if the further question is asked 
‘“‘ How does this polarisation arise ? ’’ we reply that in iron elementary magnets (nowadays 
the spinning electrons) exist, and are oriented by the field. Strangely enough, for many 
years no one, in considering electrical polarisation, thought of the possibility that perhaps 
molecules could also be electrically polar in their natural state of equilibrium. In this 
case the polarisation obviously could not come entirely from the deformation of the mole- 
cules, but an orientation of the whole molecule would also play a part. That the existence 
of polar molecules is in itself probable, is clear if we think of the facts of electrolysis. HCl, 
for example, is dissociated in water into H* and Cl-, and one may hazard a guess that the 
molecule which is formed by these two ions coming together even after the reaction will 
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sl.ow an excess of positive charge on the hydrogen side, and an excess of negative on the 
chlorine side. This would not have been a new idea even for Faraday. When he wants 
to form a picture of how electrolysis probably takes place in water, he speaks of a molecule 
of HO (for that was what water was then considered to be) which has oppositely charged 
sides and is rotated by the electric field. 

The polar character of a molecule is clearly a kind of first step towards dissociation, and 
it can be expected that interesting connections with the chemical structure will exist. 
To be able to discuss these connections, however, we must first find a method of separating 
the effect of deformation from that of orientation; for in the dielectric constant as such 
only the sum of the two enters. We have such a method to-day in the observation of the 
variation with temperature. It is easily understood that the orientation will be pro- 
gressively less complete as the disturbances from thermal agitation become greater. The 
law governing this temperature effect is completely analogous to that, discovered by Curie 
and theoretically explained by Langevin, governing the temperature variation of para- 
magnetic susceptibility. It was only necessary to carry over the same considerations 
to the case of dipole orientation, as was done by me some twenty years ago and by J. J. 
Thomson a little later. The deformation, we can show, does not vary appreciably with 
temperature, and the possibility of separating the two effects is thus given. To be sure, 
one must exercise some care in the experiments. One cannot simply without further 
consideration work with liquids. In these, the molecules are so close that they disturb 
one another strongly, especially if they are polar. We must therefore work with gases. 
If under these conditions it is found that, although the density is kept constant, the dielectric 
constant decreases with increasing temperature, then the molecule is polar. Its polarity 
can be measured by its dipole moment, and for this quantity values of the order of magni- 
tude 10718 e.s.u. are always found. That is what would be expected, for the charge of an 
electron is 4-77 x 10° e.s.u., and the extension of a molecule is of the order of 10° cm. 
It is of some interest to obtain an idea how much of the dielectric action is to be ascribed 
to deformation, and how much to orientation. H,O is a typical polar molecule with a 
moment of 1-85 x 10748 e.s.u. and we can calculate that in this case 95% of the dielectric 
action arises from orientation and only 5% from deformation. In his first work in 1837 
Faraday had already tried to measure the dielectric constants of a series of gases, chemically 
as different as possible. He felt that this quantity ought somehow to depend on the 
chemical constitution of the molecule. He had even made an experiment on the influence 
of temperature on the dielectric constant of air. His method, however, was too inexact, 
and he could not find any effect. 

Although measurements on the temperature effect are the most accurate means of 
determining the degree of polarity of the molecule, most dipole moments are at present 
measured by other methods. This is because measurements of the dielectric constants of 
gases are not very easy, since we are dealing with a quantity very little different from unity. 
The dielectric constants of dilute solutions of polar molecules in a non-polar solvent can be 
measured much more easily. The solutions can readily be made so dilute that the polar 
molecules no longer exert appreciable forces on one another. There only remains to be 
considered a possible influence of the surrounding solvent on the dipole moment. This is, 
however, as experiment has shown, in general very small, and has only recently been 
definitely established by exact measurements. Thus measurements on dilute solutions 
are often sufficient for the discussion of questions of molecular structure. But here also 
it is not enough simply to measure the dielectric constant ; there remains still the problem 
of differentiating the effects of orientation and of deformation. This can be done, however, 
by a method which does not presuppose any knowledge of measurements at different 
temperatures. If we think of the experiments as being carried out at different frequencies, 
we should expect eventually to reach a frequency so great that the dipoles no longer follow 
the field. This is in fact the explanation given by the dipole theory for the anomalous 
dispersion which Drude first found in a series of liquids in the region of short electric waves. 
Now the dielectric constant is, according to Maxwell, identical with the square of the index 
of refraction, and this law is exactly true if both quantities are measured at the same 
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frequency. The deformation alone can thus be determined from the refraction, which 
gives us the possibility of estimating from the measured dielectric constant the part due to 
orientation. 

Perhaps I may now be allowed to illustrate by a few examples what connections the 
dipole moment shows with the spatial structure of the molecules. 

First of all, monatomic molecules are non-polar, and also diatomic molecules which 
are built up of two identical atoms, such as O,, Ng, etc. If two unlike atoms are combined, 
however, the dissymmetry expresses itself in the production of a moment. Examples of 
this are HCl, HBr, HI, the moments of which have been measured by C. T. Zahn. Among 
triatomic molecules both polar and non-polar are to be found : H,O, H,S, SO,, for example, 
have moments, while CO, and CS, show no moment. We shall expect, then, that the 
atoms of the first-named molecules form a triangle, while in the second group the atoms 
are on a straight line. This has been actually confirmed by the analysis of the band 
spectrum of H,O. NH, behaves similarly to H,O, and according to Watson’s measure- 
ments PH, and AsHg, do also. All these molecules are polar; they must therefore be in 
the form of a pyramid, at the apex of which one of the atoms N, P, or As is placed. In 
the case of NH, this is again confirmed by the structure ofits band spectrum. The investig- 
ation of the series CH,, CH,Cl, CH,Cl,, CHCl,, CCl,, which was carried out by Sanger, 
gave results in complete agreement with the stereochemical pictures, according to which 
the four valencies of the carbon atom are directed towards the corners of a tetrahedron. 
CH, and CCl, are unpolar; the intervening members of the series have electric moments. 
If we remember that a diatomic molecule is always polar when made up of two unlike 
atoms, we arrive at a model, for example, for CH,, in which the individual C-H bonds are 
each polar, but because of their spatial distribution their resultant is zero. If that is so, 
then the complicated aliphatic hydrocarbons, irrespective of whether the chain is branched 
or not, should all be unpolar. Smyth has proved that this is in fact so for the nine possible 
isomerides of heptane. Double or treble bonds between two carbon atoms are also them- 
selves unpolar, as the examples ethylene and acetylene show. However, if a double bond 
occurs not exactly in the middle of a chain, but to one side, that is sufficient, as Smyth 
showed, to produce an electric moment. The electric measurements provide a good and 
simple method to distinguish between cis- and ¢rans-isomerides. As Errera showed, only 
trans-dichloroethylene is unpolar, corresponding to its symmetrical structural formula; 
cis-dichloroethylene on the other hand has a considerable moment. An obvious suggestion 
is to attempt to build up the total moment of the molecule from individual moments which 
are localised in the various atomic bonds, in the same way that forces are compounded 
according to the parallelogram law into a resultant. For this to be possible it is necessary 
that each bond should have a characteristic moment, the alterations in which, caused by 
more distant atoms, can be neglected. This is often very approximately true, as Wolf 
showed in a series of ketones, which all have nearly the same moment, corresponding to 
the C—O group. A good example of the vectorial composition of moments is provided 
by the dichlorobenzenes. Most strikingly, p-dichlorobenzene is unpolar like benzene itself ; 
in the case of the meta-compound, however, weak, and in that of o-dichlorobenzene stronger 
perturbations are found, which are obviously due to the close proximity of the two C-Cl 
bonds. A similar perturbation, only in still stronger form, is probably the reason that 
methyl chloride and chloroform have not the same moment. There would be equality, 
if the moments of the bonds were quite independent of each other and the tetrahedron 
were regular. That cases may occur where two equal moments in the para-position do not 
compensate each other is shown by Williams’s measurements on quinol diethyl] ether, which 
is definitely polar. The reason is obviously that the two valencies of the oxygen atom which 
join the C,H, group to the benzene ring are at an angle toeach other. This is in agreement 
with the fact that water, methyl ether, and ethyl ether are also polar. It is also in certain 
cases possible to distinguish electrically between positive and negative groups. Thus 
p-chloronitrobenzene has a moment equal to the difference of the moments of chlorobenzene 
and nitrobenzene, obviously because the two substituents have the same, probably nega- 
tively charged, end outwards. On the other hand, methyl p-aminobenzoate has a moment 
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equal to the sum of those of aniline and methyl benzoate, on account of the differing 
electrical characters of the two attached groups. It has been possible during the last few 
years to show that certain molecules have a moment which is not constant, but varies with 
temperature. The typical example is 1 : 2-dichloroethane, where the two CH,Cl halves 
can rotate with respect to each other; this takes place, however, not quite freely, but 
with a preference for the ¢vans-position of the two Cl atoms, as is shown by a more exact 
examination. Increase in temperature, then, causes all relative rotations to become more 
equally probable, and the moment becomes larger. 

When a physicist sees in what a wonderful manner the spatial structure-formule set up 
by the chemists correspond to the actual structures, he must become filled with a desire 
to seek new methods which would allow of the determination of these structures, not only 
in their general plan, but also in their individual dimensions. It would be presumption if, in 
the roomsof the Royal Institution, I dared to speak longer of the attainment of this objective 
for the crystalline state than is necessary to express my sincere admiration for what has 
been achieved here by W. H. Bragg and in Manchester by W. L. Bragg. However, with 
your permission, I will give some account of the application of the method of interference 
to individual free molecules. That a single molecule, if fixed in space, would produce 
interference patterns when irradiated with X-rays is at once clear. The inter-atomic 
distances are of the same order of magnitude as the wave-length of the X-rays, and the 
path differences of scattered rays from the various atoms are therefore large enough. It 
is also unessential for the effect whether the atoms are ordered in a lattice or form any other 
fixed geometrical figure. But if the molecule, during the experiment on scattering, takes 
on, one after the other, all possible orientations, then the interference pattern will of course 
change with the orientation, and one might guess that all the characteristic maxima and 
minima would be thereby destroyed. This fear is, however, incorrect, as a short calculation 
shows, and as Ehrenfest proved simultaneously with myself. Even when all orientations 
are equally probable, maxima and minima of the intensity of the scattered radiation should 
still be observed if observations are made in the direction of increasing angle between 
primary and secondary rays. The first experiments were carried out a few years ago on 
carbon tetrachloride vapour. Carbon tetrachloride was chosen because the distribution 
of intensity becomes simpler as the number of inter-atomic distances in the molecule gets 
smaller. Now the CCl, molecule is supposed to be a tetrahedron; there are thus only two 
distances, C-Cland CIl-Cl. Further, theory shows that each inter-atomic distance produces 
a scattered intensity proportional to the product of the scattering factors of the two end 
atoms, and these scattering factors are, at least for small angles, proportional to the number 
ofelectronsin the atom. This means that the intensity of the C—Cl interference pattern is 
relatively small, and the molecule behaves almost as if in it one single inter-atomic distance, 
namely, the Cl-Cl distance, occurred four times. The choice of vapour rather than the 
much denser liquid for the experiments naturally causes experimental difficulty on account 
of the low scattered intensity. But this is not to be avoided. In liquids we obtain not 
enly interference between rays coming from the various atoms of the molecule. The 
radiation from a whole molecule interferes as well with that from the neighbouring mole- 
cules, and in experiments with liquids a superposition of effects occurs, which means that 
inferences concerning the molecular structure cannot be drawn simply and in a manner 
easy to follow. In a vapour at atmospheric pressure the intermolecular interference is no 
longer observable, and the whole interference pattern is exactly that which would be given 
by a single molecule, only its intensity is proportional to the total number of irradiated 
molecules. 

In the experiment on carbon tetrachloride, three distinct interference maxima at 36°, 
67°, and 110° angle of scattering were obtained, when Cu radiation of wave-length 1-54 A. 
was employed as primary radiation. In order to interpret such a photograph exactly we 
may not consider the atoms as scattering points as is done in the most simple form of the 
theory. The scattering is caused by the electrons, and these occupy in the atom a space 
whose diameter is of the same order of magnitude as the wave-length used. Interference 
will therefore occur between the various beams which come from different regions of a 
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single atom. This can be allowed for by the use of a factor known as the atomic form 
factor, which is to-day exactly enough known for all atoms. Besides this, X-rays are not 
only scattered coherently, with the same wave-length as incident; part of the scattered 
radiation consists of incoherent waves, which have an altered wave-length and correspond 
to the Compton effect. This Compton radiation gives a continuous background, increasing 
slowly in intensity with increasing angle of scattering, but without maxima and minima. 
If these details are taken into consideration, it is possible to carry out really accurate 
measurements of the inter-atomic distances. In this way Bewilogua, using the angular 
situations of the three maxima mentioned above and of the three corresponding minima 
of the intensity, found six values for the distance CI-Cl which gave an average of 2-99 A., 
and singly varied less than + 1% from this average. Recently van der Grinten has made 
and discussed new measurements on carbon tetrachloride. In particular, care was taken 
that the incident radiation should be strictly monochromatic, by obtaining it by reflexion 
at a rock-salt crystal. The intensity curve which he obtains experimentally falls very 
accurately on the theoretically calculated curve over its whole length, so that one can now 
regard the tetrahedral character of the CCl, molecule as also proved by the physical inter- 
ference measurements. 

But not only X-rays will produce molecular interference patterns. As is well known, 
streams of material particles can also, according to L. de Broglie, interfere with one another. 
For this reason Mark and Wierl allowed cathode rays to be scattered by carbon tetra- 
chloride vapour, and showed that interference bands were produced exactly similar to those 
from X-rays. The only difference is that the de Broglie wave-length corresponding to the 
usual voltage of 30,000 is about 20 times smaller than that of the X-rays normally employed. 
The maxima and minima occur therefore at about one-twentieth of the previous angles. 
Wierl deduces from his measurements a value for the CI-Cl spacing in exact agreement with 
that found by Bewilogua. The scattering power of an atom is many times larger for 
cathode rays than for X-rays. On this account an exposure which would take several 
hours with X-rays can be made in a fraction of a second with cathode rays. Theory 
prophesies, however—and the measurements so far obtained have confirmed it—that the 
interference bands obtained with cathode rays will be less distinct than those obtained 
with X-rays. 

In spite of the short time during which the interference method for the investigation 
of the structures of free molecules has been available, a large number of structures have 
already been analysed. A few examples may be given, to show which questions have first 
been answered. 

Besides carbon tetrachloride, Wierl investigated the tetrachlorides of silicon, germanium, 
titanium, and tin. All these molecules are tetrahedral, but the Cl-Cl distance increases 
with increasing atomic number of the central atom, varying from 2-98 + 0-02 A. for CCl, 
to 381 -+0-05 A. for SnCl, Quite recently, Brockway and Pauling investigated the 
hexafluorides of sulphur, selenium, and tellurium and demonstrated that the fluorine atoms 
lie at the corners of a regular octahedron; the F-F distance increases from 2-23 in SF, 
to 2:59 in TeF,. In quite early experiments Bewilogua examined the molecules CHCl, 
CH,Cl,, and CH,Cl as well as CCl,. My first interest in these experiments was this, that I 
wished to know how many heavy atoms must be present in a molecule in order to be 
detectable by interference measurements. It was found that the smallest possible number, 
two, sufficed. This has since been confirmed by Richter in his photographs with Cl,, and 
also by Wierl’s electron photographs. One can therefore practically examine any inter- 
atomic distance in a molecule, in which one is specially interested, by substituting a heavy 
atom at each end of this length. A more exact discussion of the diagrams resulted in 
showing that the Cl-Cl spacing, which is in CCl, in round figures 3-0 A., increases to 3-1 A. 
in CHCl, and to 3-2 A. in CH,Cl,. Other considerations make it unlikely that the C-Cl 
distance alters. It fits in better with the dipole measurements to suppose that the tetra- 
hedron has become irregular, and the valency angle has been increased, as if the Cl atoms 
repelled each other. Wierl could not find this increase of spacing in his electron photo- 
graphs at first, but I hear that Dornte in Berkeley has confirmed theincrease from morerecent 
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electron photographs. The cis—trans-isomerides of dichloroethylene were investigated, 
because according to the chemical formule évans-dichloroethylene should show a larger 
Cl-Cl spacing than the cis-compound. This isin fact the case, the interference photographs 
show clearly the difference between the two isomerides. Benzene is a somewhat more 
difficult substance, because it is characterised by three different inter-atomic distances. 
It could be shown, however, that the interference pattern corresponds to the regular 
hexagon, and that in the transition from benzene to hexachlorobenzene the shape of the 
interference curve characteristic for the hexagon remains essentially unaltered, and the 
maxima and minima are simply displaced towards smaller angles, corresponding to the 
increased Cl-Clspacing. It may be noted also that the C-C distance is, according to Wierl, 
0-1 A. smaller in aromatic compounds than in aliphatic. As the last example we may 
mention the interesting molecule of 1 : 2-dichloroethane, in which the two CH,Cl groups 
are free to rotate with respect to each other. Since this rotation alters the Cl-Cl distance, 
interference photographs can give information concerning details of the rotation. Ehrhard 
has made X-ray photographs, and Wierl electron photographs. The result shows that not 
all angles of rotation are equally probable, but the ¢vans-position of the Cl atoms is preferred. 

Through the quantum theory physics has at last found a way of approach to the chemical 
idea of valency. The stereochemist sees nowadays with satisfaction how new methods of 
experimental physics confirm his structural formule. The process of amalgamation 
between chemistry and physics is obviously well under way, so much so indeed that we are 
often not sure whether to call the boundary region physical chemistry or chemical physics. 
In these circumstances we turn our gaze again to Faraday, who was chemist and physicist 
at once, chemist even in the sense ofa tentative stereochemistry. For this, reliable evidence 
exists. I was especially struck by a statement in the 14th series of his experimental 
researches. There he attempts to explain to himself the molecular processes involved in 
electrolysis, and says of a certain compound which he considers to be SnCl,: ‘‘ For when a 
particle of tin combines with two of chlorine, it is difficult to conceive that there should not 
be some relation of the three in the resulting molecule, analogous to a fixed position, the 
one particle of metal being perhaps symmetrically placed in relation to the two of 
chlorine . . .” 

For this reason, may I hope that you will regard also the last part of my account as a 
tribute of respect which I owe to Faraday, the great master, a model for physicists as for 
chemists ? 
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319. The Reactivity of Growps in Substituted Acridones. Part II. 
Cationoid Activity at Position 4 in Acridones. 


By Hucu B. NISBET. 


THE cationoid activity previously found (J., 1932, 2772) in acridones (I) at position 4 has 
now been confirmed by the demonstration that halogen substituted there is readily replaced 
by anionoid reagents: from 1 : 4-dihalogenoacridones (II; X and Y = Cl or Br) the 
halogen (Y) is removed by piperidine, 1-halogeno-4-piperidinoacridones being produced 
identical with the compounds already obtained by the removal of the nitro-group from 
1-halogeno-4-nitroacridones (oc. cit.) and in better yield than by the latter method. 
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4-Chloro-l-methylacridone (II; X = CH,, Y = Cl) is unchanged even on heating for 
a long time with piperidine. This is in agreement with the effect of a methyl group on 
substitution and replacement in the benzene ring, 7.e., facilitating cationoid and retarding 
anionoid attack. 

Bradley and Robinson (J., 1932, 1255) have shown that even hydrogen may be replaced 
by piperidino in such compounds as nitrobenzene, which yields p-piperidinonitrobenzene. 
The somewhat similar case of 1-nitroacridone, where the cationoid effects of the nitro- and 
the carbonyl group;will be cumulative (III), might be expected to yield 1-nitro-4-piperidino- 
acridone. No such reaction took place on heating with excess of piperidine in the presence 
of sodamide. 1-Nitro-4-piperidinoacridone is readily obtained, however, by treating 4-chloro- 
I-nitroacridone with piperidine. 

EXPERIMENTAL. 


The following substituted diphenylamine-6’-carboxylic acids have been prepared from the 
requisite substituted aniline and potassium o-bromobenzoate, and converted into the under- 
noted corresponding acridones by the methods already described (loc. cit.). 

2 : 5-Dichlorodiphenylamine-6'-carboxylic acid formed greyish-white needles (yield, 48%), 
m. p. 232° (Found: Cl, 24-4. C,,;,H,O,NCl, requires Cl, 25-1%), 2: 5-dibromodiphenylamine- 
6’-carboxylic acid greyish-white needles (yield, 36%), m. p. 229—230° (Found: Br, 42:8. 
C,;H,O,NBr, requires Br, 43-1%), and 5-chloro-2-methyldiphenylamine-6'-carboxylic acid lemon- 
coloured needles (yield, 60%), m. p. 180—181° (Found: Cl, 13-0. C,,H,,0,NCl requires 
Cl, 13-1%). 

5-Chloro-2-nitrodiphenylamine-6'-carboxylic acid, which was best prepared from potassium 
anthranilate and 2: 4-dichloronitrobenzene, was found to be dimorphous—yellow needles and 
reddish cubic plates, both m. p. 228°. The reddish cubic plates, when crystallised quickly from 
glacial acetic acid, were converted into the yellow needle form (Found : Cl, 11-9. C,;HgO,N,Ci 
requires Cl, 12-1%). 

1 : 4-Dichloroacridone formed microcrystalline yellowish needles (yield, 64%), m. p. 268° 
(Found: Cl, 26-4. C,,H,ONCI, requires Cl, 26-9%), 1 : 4-dibromoacridone pale yellow needles 
(yield, 55%), m. p. 2832—233° (Found: Br, 44:8. C,,H,ONBr, requires Br, 45-3%), and 
4-chloro-1-methylacridone small, pale yellow needles (yield, 75%), m. p. 298° (Found: Cl, 14-5. 
C,4H,ONCI requires Cl, 14-5%). 4-Chloro-1-nitroacridone crystallised from nitrobenzene in 
reddish tabular plates, m. p. 240° (Found: Cl, 13-2. C,;H,O,N,Cl requires Cl, 13-0%). 

By the action of piperidine on the above acridones under the conditions given in the previous 
communication the following 4-piperidinoacridones have been obtained: 1-chloro-4-piperid- 
inoacridone (yield, 77%), 1-bromo-4-piperidinoacridone (yield, 89%),and 1-nitro-4-piperidino- 
acridone, which formed fine orange-yellow needles (yield, almost theoretical), m. p. 192° (Found : 
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N, 13-3. C,,H,,0,N, requires N, 13-0%). The first two showed no depression in m. p. in 
admixture with those already described. 
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320. 5-Sulpho-3-nitro- and 5-Sulpho-3-hydroxy-benzoic Acid. 
By MADHAVLAL S. SHAH and CHINUBHAI T. BHATT. 


THE structure assigned by van Dorssen (Rec. trav. chim., 1910, 14, 368) to the sulpho- 
nitrobenzoic acid obtained by Limpricht and Uslar (Amnalen, 1858, 106, 27) after successive 
sulphonation and nitration of benzoic acid is now confirmed, for the acid is not 3-sulpho- 
2-nitro- (Taverne, Rec. trav. chim., 1906, 25, 50), but 5-sulpho-3-nitro-benzoic acid. Our 
confirmation is based on the following considerations. 

(1) The nitro-sulphonic acid was reduced to the corresponding amino-acid (Limpricht 
and Uslar, loc. cit.; Ziircher, Ber., 1888, 21, 180; van Dorssen, Joc. cit.), and thence con- 
verted quantitatively into 5-sulpho-3-hydroxybenzoic acid. 

(2) Methylation of the hydroxy-acid, and treatment of the methyl ether with phos- 
phorus pentachloride afforded 5-chlorosulphonyl-3-methoxybenzoyl chloride, which was 
converted into 5-chlorosulphonyl-3-methoxybenzoic acid and 5-amidosulphonyl-3-methoxy- 
benzamide. The former when digested with ammonia, and the latter when hydrolysed 
with hydrochloric acid, yielded 5-amidosulphonyl-3-methoxybenzoic acid, identical with 
the product of oxidation of 3-methoxytoluene-5-sulphonamide. A similar series of reac- | 
tions was applied to the original nitro-acid, corresponding derivatives being obtained. 

(3) 5-Sulpho-3-hydroxybenzoic acid and its methyl ether on fusion with alkali both 
gave a-resorcylic acid, and thence 3: 5-dimethoxybenzoic acid was prepared. Further 
confirmation of orientation was obtained by converting 5-chlorosulphonyl-3-methoxy- 
benzoic acid into 5-methylsulphonyl-3-methoxybenzoic acid (see following paper). 


EXPERIMENTAL. 


5-Sulpho-3-nitrobenzoic Acid.—Benzoic acid (20 g.) was heated with fuming sulphuric acid 
(20% SO,; 50g.) at 215° for 6 hours and then treated with fuming nitric acid (d 1-5; 15 .c.), 
the mixture being finally kept at 50° for 1 hour. The mass was poured into water, and the 
acid isolated as its barium salt (50 g.), which separated in rectangular plates with 4H,O [Found : 
Ba, 19-5; H,O, 10-2; equiv., 349-2. Calc. for (C;H,O,NS),Ba,4H,O: Ba, 19-6; H,O, 10-3% ; 
equiv., 350-5] (compare Limpricht and Uslar, Joc. cit.). 

The sodium hydrogen salt crystallised in thick rhombic plates (Found: Na, 8-1; H,O, 3-05; 
equiv., 279. C,H,O,NSNa,}H,O requires Na, 8-3; H,O, 3-2%; equiv., 278), and the potassium 
hydrogen salt in plates (Found: K, 12-8; H,O, 5-6; equiv., 303-3. C,H,O,NSK,H,O requires 
K, 12-9; H,O, 5-9%; equiv., 303-1). The acid separated as monohydrate in needles, m. p. 
70°; on desiccation the anhydrous acid, m. p. 152°, was obtained (Found, for hydrated acid: 
equiv., 133. Calc. for C,H,O,NS,H,O: equiv., 132-5. Found, for anhydrous acid: equiv., 123. 
Calc. for C;,H,O,NS: equiv., 123-5). The ammonium hydrogen salt crystallised in thick plates 
(Found: equiv., 263-2. C,H,O,N,S requires equiv., 264). 

5-Chlorosulphonyl-3-nitrobenzoic Acid.—Dry sodium or potassium hydrogen 5-sulpho-3- 
nitrobenzoate (10 g.) was heated with phosphorus pentachloride (25 g.) on a water-bath for 
4 hours. The liquid mass was poured into ice-water, and the insoluble portion washed and 
dried (8 g.). The acid chloride dissolved freely in benzene or toluene, and moderately readily 
in carbon tetrachloride; it separated in clusters of small prisms, m. p. 64° (Found: S, 10-2; 
Cl, 24-9. C,H,O,;NCI1,S requires S, 10-3; Cl, 25-0%). On hydrolysis by cold water (5 days), 
it yielded the chlorosulphonyl acid, m. p. 170°, which crystallised from benzene in needles 
(Found: S, 12-0; Cl, 13-25. C,H,O,NCIS requires S, 12-1; Cl, 13-3%). 

When the chloride was heated with excess of ammonia (d 0-88), it afforded 5-amidosulphonyl- 
3-nitrobenzamide, slender needles, m. p. 226° (shrinking at 213°) (Found: S, 12-9; N, 17-0. 
C,H,0,N,S requires S, 13-1; N, 17-1%), from water. 
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5-A midosulphonyl-3-nitrobenzoic Acid.—(i) 5-Chlorosulphonyl-3-nitrobenzoic acid (1 g.) was 
boiled with ammonia until the excess was expelled, and the solution acidified ; 5-amidosulphony]l- 
3-nitrobenzoic acid (1 g.), m. p. 230°, resulted. (ii) 5-Amidosulphonyl-3-nitrobenzamide (2 g.) 
was boiled under reflux with hydrochloric acid (25 c.c.) for 4 hours, and the liquid concentrated 
and cooled; the same acid (2 g.), m. p. 230°, was obtained. 5-Amidosulphonyl-3-nitrobenzoic 
acid was readily soluble in methyl alcohol, ethyl alcohol, acetone, moderately readily soluble in 
water, and almost insoluble in benzene and toluene; it crystallised in soft shining plates (Found : 
S, 12-8; equiv., 244-9. C,H,O,N,S requires S, 13-0%; equiv., 246). 

5-Sulpho-3-aminobenzoic Acid.—An ammoniacal solution of 5-sulpho-3-nitrobenzoic acid 
(40 g.) in water (160 c.c.) was treated with hydrogen sulphide for 2 hours, and then boiled; 
after removal of free sulphur, the solution was concentrated, acidified, and cooled. 5-Sulpho- 
3-aminobenzoic acid, obtained in quantitative yield, crystallised from hot water in needles 
(Found: S, 14-7; equiv., 110. Calc. for C,H,O;NS: S, 14:7%; equiv., 108-5). 

5-Amidosulphonyl-3-nitrobenzoic acid when similarly reduced gave 5-amidosulphonyl-3- 
aminobenzoic acid, clusters of long needles, m. p. 242° (decomp.) (Found: S, 14-7. C,H,O,N,S 
requires S, 14-8%), from water. 

5-Sulpho-3-diazobenzoic Acid.—Into a suspension of finely powdered 5-sulpho-3-amino- 
benzoic acid (10 g.) in water (50 c.c.), nitrous fumes were passed for 2 hours. A semi-solid 
mass separated at first but gradually redissolved, yielding the diazo-compound in thick square 
plates or cubes. These were cooled in a freezing mixture, separated, washed with a little 
alcohol, and dried (9 g.); decomp. 137° (Found: N, 12-1. C,H,O;N,S requires N, 12-25%). 

5-Sulpho-3-hydroxybenzoic Acid.—The above diazo-compound (10 g.) was boiled with water 
(400 c.c.) until nitrogen was no longer evolved; evaporation to dryness then gave 5-sulpho-3- 
hydroxybenzoic acid (9 g.), which crystallised in needles or plates of the dihydrate. This is 
stable in air and not hygroscopic; when heated, it softens from 70° upwards and does not 
show a sharp m. p. up to 140° (Found: equiv., 127-5. Calc. for C,H,O,S,2H,O: equiv., 127). 
Desiccation afforded the monohydrate as an opaque white mass, m. p. 142° (shrinking at 135°) 
(Found: equiv., 118-2. C,H,O,S,H,O requires equiv., 118). 

The normal potassium salt was obtained in prisms (Found: K, 22-4; H,O, 15-3. 
C,H,O,SK,,3H,O requires K, 22-45; H,O, 15-5%), the sodium hydrogen salt as microcrystals 
(Found, for anhydrous salt: Na, 9-5; equiv., 240-5. C,H;O,SNa requires Na, 9-6%; equiv., 
240), and the potassium hydrogen salt in prisms or plates (Found: K, 13-7; H,O, 9-9. 
C,H,;O,SK,14$H,O requires K, 13-8; H,O, 95%). The ammonium hydrogen salt was highly 
crystalline (Found : equiv., 234. C,H,O,NS requires equiv., 235). 

5-Sulpho-3-methoxybenzoic Acid.—The aqueous solution of the above acid (from 10 g. of 
diazo-compound) was methylated with 25% potassium hydroxide solution (250 c.c.) and 
methyl sulphate (30 c.c.). The alkaline mixture was heated to hydrolyse the ester formed, 
neutralised, concentrated, and cooled. The filtrate on acidification gave potassium hydrogen 
5-sulpho-3-methoxybenzoate in clusters of needles or plates (Found: K, 13-7; H,O, 6-1; equiv., 
286-4. C,H,O,SK,H,O requires K, 13-9; H,O, 6-25%; equiv., 288-1). The sodium hydrogen 
salt separated from water in thick plates (Found, for anhydrous salt: Na, 8-8; equiv., 253-1. 
C,H,O,SNa requires Na, 9-05%; equiv., 254), and the barium salt in microscopic needles 
(Found: Ba, 37-25. C,H,O,SBa requires Ba, 37-4%). The sulphonic acid, obtained either 
from the barium salt or from 5-chlorosulphonyl-3-methoxybenzoic acid or its chloride (belcw), 
separated in long needles, m. p. 125° (Found: S, 12-0; equiv., 133. C,H,O,S,2H,O requires 
S, 12-1%; equiv., 134). 

5-Chlorosulphonyl-3-methoxybenzoyl Chloride.—The acid chloride (8 g.) was obtained from 
anhydrous potassium hydrogen 5-sulpho-3-methoxybenzoate (10 g.) by treatment with phos- 
phorus pentachloride (30 g.); it dissolved freely in benzene or toluene, and moderately readily 
in carbon tetrachloride, crystallising in rhombohedra, m. p. 51-5° (Found: S, 11-8; Cl, 26-2. 
C,H,O,C1,S requires S, 11-9; Cl, 26-4%). It was converted on treatment with ammonia into 
5-amidosulphonyl-3-methoxybenzamide, which separated from water in prismatic plates, m. p. 
184° (Found: S, 13-8; N, 12-0. C,H, 0O,N,S requires S, 13-9; N, 12-2%). 

5-Chlorosulphonyl-3-methoxybenzoic acid was obtained (2-5 g.) by leaving its acid chloride 
(10 g.) in contact with water (500 c.c.) for 16 days; it crystallised from benzene and toluene 
in rectangular plates, m. p. 160° (Found: S, 12-55; Cl, 13-9. C,H,O;CIS requires S, 12-8; 
Cl, 14:2%). 

5-A midosulphonyl-3-methoxybenzoic acid was prepared in three ways : (i) 5-Chlorosulphonyl- 
3-methoxybenzoic acid (2 g.) was heated with ammonia, and the solution on acidification gave 
the required acid, m. p. 214°. (ii) 5-Amidosulphonyl-3-methoxybenzamide (2 g.) was boiled 


















Ta 














Thiols derived from o-, m-, and p-Methoxy-toluenes and -benzoic Acids. 1375 


under reflux with hydrochloric acid (30 c.c.) for 6 hours; the solid that separated on cooling 
had m., p. 214°. (iii) 3-Methoxytoluene-5-sulphonamide, m. p. 119°, obtained from 3-methoxy- 
toluene-5-sulphinic acid via 3-methoxytoluene-5-sulphonic acid and -5-sulphonyl chloride by 
Haworth and Lapworth’s method (J., 1923, 123, 2991), was oxidised with potassium per- 
manganate, and the filtered liquid concentrated and acidified with hydrochloric acid. The 
product was identical (mixed m. p.) with those obtained in (i) and (ii). 

The acid was readily soluble in methyl alcohol, ethyl alcohol, and acetone, moderately 
readily soluble in hot water, and almost insoluble in benzene and toluene. It crystallised in 
needles [Found: S, 13-6; equiv. (addition of excess of NaOH, and back titration), 114-8. 
C,H,O;NS requires S, 13-85%; equiv. (for hydrolysis of *SO,*NH, group also), 115-5]. 

Fusion of 5-Sulpho-3-hydroxybenzoic Acid and of its Methyl Ether with Alkali.—Finely 
powdered potassium 5-sulpho-3-hydroxybenzoate or -3-methoxybenzoate (5 g.) was added to 
fused potassium hydroxide (70 g.) in a nickel crucible at 220°, and the mass well stirred. Con- 
siderable frothing occurred when the temperature was raised, and the liquid became clear at 
290°, at which it was kept for 15 minutes. The fused mass was cooled, dissolved in water, 
neutralised, filtered, acidified, and extracted withether. The extract left a residue of «-resorcylic 
(3 : 5-dihydroxybenzoic) acid, which crystallised in prisms with 14H,O, m. p. 233° (3 g.) 
(Found : loss at 120°, 14-8. Calc. for C,H,O,,1$H,O: 14H,O, 14:9%) (compare Bottinger, 
Ber., 1875, 8, 374). 

The dihydroxybenzoic acid, on methylation with methyl sulphate, passed into 3: 5-di- 
methoxybenzoic acid, m. p. 176°, which crystallised from alcohol in needles or plates (compare 
Tiemann and Streng, Ber., 1881, 14, 2003) (Found: equiv., 181-8. Calc. for CgH,O,: equiv., 
182). 


THE MADHAVLAL RANCHHODLAL SCIENCE INSTITUTE, 
GUJARAT COLLEGE, AHMEDABAD, INDIA. [Received, August 15th, 1932.] 





321. Thiols derived from o-, m-, and p-Methoxy-toluenes and 
-benzoic Acids. 


By Mapnaviar S. SHAH, CHINUBHAI T. Byatt, and DaraB D. KANGA. 


THE present work was undertaken primarily because a knowledge of these substances 
and their derivatives was required in elucidating the constitutions of certain substituted 
benzenesulphonic acids. 

Thiolmethoxytoluenes.—Of the ten isomeric mercaptans, three are known, v7z., 3-thiol- 
4-methoxy- (Gattermann, Ber., 1899, 32, 1149), 4-thiol-3-methoxy- (Shah, J., 1930, 1300), 
and 5-thiol-2-methoxy-toluene (Kolhatkar and Bokil, J. Indian Chem. Soc., 1930, 7, 849). 

(A) The first and third of the above thiols and also the new 2-thiol-5-methoxytoluene 
have now been prepared by reduction of the corresponding sulphonyl chlorides, which 
were derived from the acids obtained by sulphonating the appropriate tolyl methyl ether. 

(B) The sulphonic acids corresponding to 4-thiol-2-methoxy- and 2-thiol-4-methoxy- 
toluene could not be prepared by direct sulphonation as in (A), but were obtained from 
o-nitrotoluene-4- and #-nitrotoluene-2-sulphonic acid via the toluidine- and cresol-sulphonic 
acids. 

(C) The remaining thiols, viz., 3- and 6-thiol-2-methoxytoluene and 2- and 5-thiol-3- 
methoxytoluene were derived from the corresponding nitromethoxytoluenes, which, with 
one exception, were obtained by methylating nitrocresols in xylene solution (Haworth 
and Lapworth, J., 1923, 123, 2986) ; 6-nitro-2-methoxytoluene, however, was prepared 
from 3-nitro-2-methoxytoluene according to Simonsen and Nayak’s method (J., 1915, 
107, 830). The nitromethoxytoluenes were reduced to the amino-compounds, and these 
were diazotised and converted by Gattermann’s method (loc. cit.) into the corresponding 
sulphinic acids, which were reduced with tin and hydrochloric acid. 

All the methoxytolyl mercaptans passed on methylation into the corresponding methyl- 
thiols, from which oxidation with alkaline permanganate afforded the methylsulphones ; 
6-methylthiol-2-methoxytoluene, however, underwent more extensive oxidation and failed 
to yield the methylsulphone. 
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Thiolmethoxybenzoic A cids.—The sulphomethoxybenzoic acids required as initial material 
for the preparation of these acids were prepared, when possible, by (a) sulphonation of 
methoxybenzoic acids, (b) methylation of sulphohydroxybenzoic acids, or (c) oxidation of 
methoxytoluenesulphonic acids. 

(a) 2- and 4-Methoxybenzoic acids yielded on sulphonation 5-sulpho-2-methoxy- and 
3-sulpho-4-methoxy-benzoic acid, as described by Meldrum and Shah (J., 1923, 123, 
1992) and Zervas (Annalen, 1857, 103, 338) respectively. 

(6) 5-Sulphosalicylic acid (Meldrum and Shah, /oc. cit.), 4-sulphosalicylic acid (Hirwe 
and Jambhekar, J. Indian Chem. Soc., 1933, 10, 47), and 5-sulpho-3-hydroxybenzoic acid 
(see preceding paper) were methylated, and the sulphomethoxybenzoic acids, together 
with those described in (a), were identified with the products obtained on oxidation of 
the corresponding methoxytoluenesulphonic acids. 

(c) 2-Sulpho-5- and 2-sulpho-4-methoxybenzoic acid were obtained on oxidation of 
5-methoxytoluene-2-sulphonic acid and 4-methoxytoluene-2-sulphonic acid as described 
by Haworth and Lapworth (J., 1924, 125, 1299) and Parks (Amer. Chem. J., 1893, 15, 
320) respectively. 3-Methoxytoluene-2-sulphonic acid suffered too extensive oxidation, so 
the corresponding 2-thiol-3-methoxybenzoic acid is being obtained by other means. 

Neither 6- nor 3-sulpho-2-methoxybenzoic acid could be synthesised, but other attempts 
are being made to prepare the corresponding thiol-2-methoxybenzoic acids. 

All sulphomethoxybenzoic acids, except those having the SO,H group in the vicinal 
position, on trituration with phosphorus pentachloride, afforded the corresponding chloro- 
sulphonylmethoxybenzoyl chlorides. These were treated with water at room temperature 
with a view to obtain chlorosulphonylmethoxybenzoic acids; the results, however, showed 
that (1) 4- and 5-chlorosulphonyl-2-methoxybenzoyl chlorides, 7.e., the derivatives of 
salicylic acid, are completely hydrolysed within 4 hour; (2) with 5-chlorosulphonyl-3- and 
3-chlorosulphonyl-4-methoxybenzoyl chloride, hydrolysis required 16 and 8 days respectively ; 
(3) 2-chlorosulphonyl-5- and -4-methoxybenzoyl chloride are very resistant, but after 
more than a month, they were completely hydrolysed, both the SO,Cl and the COCI group 
being affected. 

The chlorosulphonylmethoxybenzoic acids described in (1) and (2) were reduced by 
Gattermann’s method (/oc. cit.) to the corresponding thiolmethoxybenzoic acids. These 
were successively methylated and oxidised, the resulting methylsulphones being identical 
with those derived from methoxytolylmercaptans. 


EXPERIMENTAL. 


In order to avoid repetition, three general methods adopted in the present work are first 
described. 

Methylation.—(1) The nitrocresol (25 g.) was heated with xylene (125 c.c.) and anhydrous 
(fused) potassium carbonate (40 g.) under reflux, and methyl sulphate (30 g.) gradually added 
(compare Haworth and Lapworth, Joc. cit.). After cooling, a 2% solution of sodium hydroxide 
was added to dissolve unchanged nitrocresol, and the xylene removed by distillation in steam. 

(2) Cresolsulphonic acids, thiolmethoxy-toluenes and -benzoic acids were methylated with 
methyl] sulphate (1 mol.) and 25% sodium hydroxide solution until a neutralised sample developed 
no coloration with ferric chloride. The solution was then neutralised, and (i) sodium salts of 
sulphonic acids were separated by fractional crystallisation, (ii) the methylthiolmethoxytoluenes 
extracted with ether, or (iii) the substituted benzoic acids precipitated by hydrochloric acid. 

Conversion of Methoxytoluenesulphinic Acids, Chlorosulphonylmethoxy-toluenes and -benzoic 
Acids into the Corresponding Thiols.—This was accomplished essentially by Gattermann’s 
method (/oc. cit.), reduction of 10 g. of material by means of tin (30 g.) and hydrochloric acid 
(100 c.c.) being carried out first at room temperature for an hour, and then under reflux for 
2 hours. The thiolmethoxytoluenes were isolated by distillation with steam and extraction 
with ether, but the thiolmethoxybenzoic acids separated on cooling, and were collected, washed, 
dried, and purified by repeated dissolution in sodium hydroxide and precipitation with hydro- 
chloric acid. 

From the thiolmethoxytoluenes, the mercury and lead mercaptides were prepared in 
alcoholic solution by treatment with mercuric chloride and lead acetate respectively; the 
benzoyl derivatives were prepared by the Schotten—Baumann method, and the disulphides 
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by shaking an alkaline solution of the thiol with a solution of iodine in potassium iodide, both 
types of derivative being recrystallised from alcohol. 

Conversion of Methylthiolmethoxy-toluenes and -benzoic Acids into Methylsulphonylmethoxy- 
benzoic Acids.—This was carried out by heating the methylthiol (5 g.) with a slight excess of 
5% potassium permanganate solution in presence of a little potassium carbonate. After 
oxidation was complete (8—10 hours), excess permanganate was destroyed by addition of 
alcohol, manganese dioxide was removed, and the filtrate concentrated to small bulk and 
acidified; the required methylsulphone separated in a crystalline state. All methylsulphones 
were readily soluble in alcohol or acetone, moderately soluble in hot water, and almost insoluble 
in benzene, toluene, chloroform, or carbon tetrachloride. 


Derivatives of o-Methoxytoluene and o-Methoxybenzoic Acid, 


3-T hiol-2-methoxytoluene.—3-Nitro-o-cresol (20 g.; m. p. 69°) (Hofmann and Miller, Ber., 
1881, 14, 568) was methylated by the procedure described above, and the methyl ether (20 g.) 
extracted by ether after removal of xylene; it distilled at 225°, and solidified in plates, m. p. 
24°. On oxidation by permanganate, a sample afforded 3-nitro-2-methoxybenzoic acid, m. p. 
and mixed m. p. 196° (Simonsen and Rau, J., 1917, 111, 220; Meldrum and Shah, J. Indian 
Chem. Soc., 1931, 8, 575). 

3-A mino-2-methoxytoluene. The above methyl ether (45 g.) was heated with stannous 
chloride (200 g.) and hydrochloric acid (300 c.c.) under reflux for 3 hours; the mixture was 
cooled, basified, and distilled in steam. The ethereal extract of the distillate yielded 3-amino- 
2-methoxytoluene as a colourless oil, b. p. 253°; its acetyl derivative, m. p. 101°, was identical 
with that described by Simonsen and Nayak (loc, cit.). The benzoyl derivative crystallised 
from alcohol in long needles, m. p. 120°. 

2-Methoxytoluene-3-sulphinic acid. The above amine (10 g.), in sulphuric acid (30 g.) 
and water (100 c.c.) at — 10°, was diazotised by sodium nitrite (5-25 g.) in water (25 c.c.); 
after an hour, a cooled mixture of sulphuric acid (40 g.) and water (40 c.c.) was added, and 
the solution saturated with sulphur dioxide for 2 hours, dry copper powder (15 g.; previously ° 
washed with alcohol and ether) being added in small portions with constant stirring, and the 
temperature being kept below 0°. After 12 hours, the mixture was extracted several times 
with ether, and the extract afforded the required acid (9 g.), as a thick yellow liquid. 

2-Methoxytoluene-3-sulphonyl chloride. The foregoing acid (9 g.) was oxidised with 1% 
barium permanganate solution on a water-bath. Unchanged permanganate was destroyed 
by alcohol, manganese dioxide removed, and the solution treated with potassium carbonate. 
Potassium 2-methoxytoluene-3-sulphonate was collected, dried, and heated with phosphorus 
pentachloride (25 g.) for 2 hours. The mass, on treatment with ice, gave 2-methoxytoluene-3- 
sulphonyl chloride as an oil (7 g.) (Found: Cl, 16-0. C,H,O,SClI requires Cl, 16-1%). 2-Meth- 
oxytoluene-3-sulphonamide crystallised from hot water in needles, m. p. 143—144° (Found : 
S, 15-8. C,H,,0O,SN requires S, 15-9%). 

3-T hiol-2-methoxytoluene. Reduction of the foregoing sulphinic acid or sulphonyl chloride 
according to the general procedure (p. 1376) afforded 3-thiol-2-methoxytoluene, b. p. 235—236°, 
which had a disagreeable odour and was soluble in alcohol and other organic solvents; it gave 
a white mercury mercaptide and a deep yellow /ead mercaptide [Found : Pb, 39-9. (C,H,OS),Pb 
requires Pb, 40-4%]; its benzoyl derivative crystallised in leaflets, m. p. 47° (Found: S, 12-1. 
C,;H,,0,S requires S, 12-4%). The disulphide separated as an oil. On methylation, it was 
converted into 3-methylthiol-2-methoxytoluene, b. p. 254° (Found: S, 18-9. C,H,,OS requires 
S, 190%), which had a fruity odour. The latter compound was oxidised to 3-methylsulphonyl- 
2-methoxybenzoic acid, prismatic plates, m. p. 166° (Found: S, 13-8; equiv., 229-4. C,H,,O,;S 
requires S, 13-99%; equiv., 230), from water. 

4-T hiol-2-methoxytoluene.—o-Nitrotoluene-4-sulphonic acid (Beilstein and Kuhlberg, A mnalen, 
1870, 155, 27; Bek, Z. Chem., 1869, 210) [barium salt, rhombic plates (Found: Ba, 22-6; 
H,O, 5:2. C,4H,,0,9N,5,Ba,2H,O requires Ba, 22-7; H,O, 5-9%); potassium salt, needles 
(Found: K, 15-1. C,H,O;NSK requires K, 15-3%)] was reduced by aqueous ammonium 
sulphide to o-toluidine-4-sulphonic acid (Beilstein and Kuhlberg; Bek, /occ. cit.), which was 
diazotised with nitrous fumes, the diazo-compound (decomp. 104°), being precipitated by 
alcohol at 0° (Found: N, 14:15. C,H,O,;N,S requires N, 14:1%). Decomposition of the 
latter with boiling water gave o-cresol-4-sulphonic acid (Engelhardt and Latschinow, Z. Chem., 
1869, 621; Hantke, Ber., 1887, 20, 3210; Hayduck, Amnalen, 1874, 172, 214; 1874, 174, 
345); barium salt, small prisms [Found: Ba, 24-95; H,O, 6-4. (C,H,O,S),Ba,2H,O requires 
Ba, 25:1; H,O, 6-6%]. 
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2-Methoxytoluene-4-sulphonic acid. Methylation of the above cresolsulphonic acid gave 
the sodium salt of this acid (Found: Na, 9-4; H,O, 7-7. C,H,O,SNa,H,O requires Na, 9-5; 
H,O, 7-4%). The barium salt was obtained in fine plates [Found: Ba, 23-9; H,O, 4-9. 
(C,H,O,S),Ba,1}H,O requires Ba, 24:3; H,O, 4-8%]. The sulphonic acid, prepared from 
the latter, could not be induced to crystallise and was evidently different from 2-methoxy- 
toluene-5-sulphonic acid (Meldrum and Shah, /oc. cit.). 

2-Methoxytoluene-4-sulphonyl chloride. Dry sodium 2-methoxytoluene-4-sulphonate (10 g.) 
was treated with phosphorus pentachloride (25 g.) as for the 3-sulphonate (above), and the 
resulting oil extracted with ether and dried (Found: Cl, 16-0. C,H,O,CIS requires Cl, 16-1%). 
It gave on treatment with ammonia 2-methoxytoluene-4-sulphonamide, which crystallised from 
alcohol in prismatic plates, m. p. 123° (Found: S, 15-8. C,H,,O,;NS requires S, 15-9%). 
On reducing the above sulphonyl chloride, 4-thiol-2-methoxytoluene was obtained as an oil 
with a disagreeable smell, b. p. 238—239° (Found: S, 20-7. C,H, OS requires S, 20-8%). 
It formed a white mercury mercaptide and a yellow /ead mercaptide [Found: Pb, 40-2. 
(C,H,OS),Pb requires Pb, 40-4%]. The benzoyl derivative and the disulphide were oils. 

4-Methylthiol-2-methoxytoluene, obtained on methylating the above thiol, had an aromatic 
odour and boiled at 255—256° (Found: S, 18-9. C,H,,OS requires S, 19-0%); when oxidised 
with permanganate, it afforded 4-methylsulphonyl-2-methoxybenzoic acid, which crystallised 
from water in small needles, m. p. 151° (Found: S, 13-8; equiv., 228-9. C,H,,O,;S requires 
S, 13:9%; equiv., 230). 

4-Thiol-2-methoxybenzoic Acid.—4-Sulpho-2-methoxybenzoic acid. 4-Sulphosalicylic acid 
(10 g.; Hirwe and Jambhekar, Joc. cit.) was methylated with methyl sulphate (30 c.c.) and 
25% sodium hydroxide solution (300 c.c.), and the alkaline mixture heated to hydrolyse the 
ester formed. 4-Sulpho-2-methoxybenzoic acid was recovered in the usual way as sodium 
hydrogen salt, from which the normal barium salt was prepared as microcrystalline needles 
(Found: Ba, 37-7. C,H,O,SBa requires Ba, 37-2%). The acid obtained therefrom crystallised 
in deliquescent needles, m. p. 152° (Found: equiv., 125-4. C,H,O,S,H,O requires equiv., 125). 

4-Chlorosulphonyl-2-methoxybenzoic acid. This acid, prepared from the above sodium salt 
as for the corresponding toluene derivative, crystallised from benzene or toluene in rhombo- 
hedra, m. p. 149-5° (Found: Cl, 13-9. C,H,O,CIS requires Cl, 14-2%); it gave on treatment 
with ammonia 4-amidosulphonyl-2-methoxybenzoic acid, crystallising in woolly needles, m. p. 
201°, identical (mixed m. p.) with the substance produced when 2-methoxytoluene-4-sulphon- 
amide was oxidised with permanganate (Found: S, 13-72; equiv., 232-7. C,H,O,;NS requires 
S, 13-85%; equiv., 231). 

Reduction of the foregoing chlorosulphonyl acid (5 g.) afforded 3 g. of 4-thiol-2-methoxy- 
benzoic acid, as thin plates, m. p. 95° (Found: S, 17-2. C,H,O,S requires S, 17-4%), readily 
soluble in organic solvents, but difficultly soluble in water. The disulphide could not be pre- 
pared by the method described on p. 1380. 

4-Methylthiol-2-methoxybenzoic acid crystallised from alcohol in glossy needles, m. p. 112° 
(Found : S, 16-1; equiv., 197-8. C,H, 03S requires S, 16-2%; equiv., 198), and was oxidised 
to 4-methylsulphonyl-2-methoxybenzoic acid, m. p. 151° (Found: S, 13-8%), identical (mixed 
m. p.) with that derived from 4-thiol-2-methoxytoluene. 

5-T hiol-2-methoxytoluene.—2-Methoxytoluene-5-sulphonic acid (Meldrum and Shah, Joc. 
cit.) was converted into the sulphonyl chloride, and thence into amidosulphonyl-2-methoxy- 
toluene, m. p. 137°. 5-Thiol-2-methoxytoluene, obtained by reducing the sulphonyl chloride, 
distilled at 234—235° and solidified to yellow plates, m. p. 40° (Kolhatkar and Bokil, Joc. cit., 
give 38°). The benzoyl derivative separated in prismatic plates, m. p. 80° (Found: S, 12-2. 
C,;H,,0,S requires S, 12-4%). 

5-Methylthiol-2-methoxytoluene, prepared by methylating the above mercaptan, was a 
colourless oil with a fruity smell; b. p. 259° (Found: S, 18-9. C,H,,OS requires S, 19-0%). 
On oxidation, it afforded 5-methylsulphonyl-2-methoxybenzoic acid, shining needles, m. p. 190° 
(Found: S, 13-6; equiv., 232-1. C,H,,O0,S requires S, 13-9%; equiv., 230). 

5-Thiol-2-methoxybenzoic Acid.—5-Sulpho-2-methoxybenzoic acid was converted into 
5-chlorosulphonyl-2-methoxybenzoic acid, m. p. 148-5° (Meldrum and Shah, Joc. cit.), which 
was reduced to 5-thiol-2-methoxybenzoic acid, flocculent woolly needles, m. p. 205° (Found: 
S, 17-2. C,H,O,S requires S, 17-4%). The disulphide could not be prepared. 

5-Methylthiol-2-methoxybenzoic acid crystallised from alcohol in prismatic needles, m. p. 75° 
(Found: S, 16-0; equiv., 197-4. C,H,.O0,S requires S, 16-2%; equiv., 198); and the sulphone 
obtained therefrom, m. p. 190°, was identical (mixed m. p.) with the product of oxidation of 
the corresponding toluene (above) (Found: equiv., 228-8). 











Ve = OF et pe Qe CO 


= 











o-, m-, and p-Methoxy-toluenes and -benzotc Acids. 1379 


6-T hiol-2-methoxytoluene.—Considerable difficulty was experienced in the preparation of 
this thiol. 2-Nitrotoluene-6-sulphonic acid was synthesised from 4-nitrotoluene-2-sulphonic 
acid by nitration with fuming nitric acid, followed by partial reduction with aqueous 
ammonium sulphide and replacement of the amino-group by hydrogen (Cohen and McCandlish, 
J., 1905, 87, 1270), but it could not be converted into the above thiol. Finally, the mercaptan 
was prepared from 6-nitro-2-methoxytoluene as follows. 3-Acetamido-2-methoxytoluene was 
nitrated and 6-nitro-3-amino-2-methoxytoluene, m. p. 103°, isolated according to the method of 
Simonsen and Nayak (/oc. cit.). The amino-group was removed by the method described 
below; decomposition proceeded cleanly and the yield of 6-nitro-2-methoxytoluene, m. p. 
52°, was better than that described by Simonsen and Nayak. Reduction then afforded 6- 
amino-2-methoxytoluene, which was converted into 2-methoxytoluene-6-sulphinic acid, and by 
oxidation of this acid with 1% barium permanganate, followed by treatment with potassium 
carbonate, potassium 2-methoxytoluene-6-sulphonate was prepared ; thin plates (Found: K, 15-0; 
H,O, 6-8. C,H,O,SK,H,O requires K, 15-2; H,O, 6-9%). Thence were obtained the sulphonyl 
chloride (Found: Cl, 15-8. C,H,O,CIS requires Cl, 16-1%), an oil, and 2-methoxytoluene-6- 
sulphonamide, long needles, m. p. 164° (Found: S, 16-1. C,H,,O,NS requires S, 15-9%). 

The above sulphinic acid was reduced to 6-thiol-2-methoxytoluene, b. p. 238°, which possessed 
the mercaptanic smell (Found: S, 20-6. C,H,OS requires S, 20-8%). The benzoyl derivative 
crystallised in plates, m. p. 62°, and the disulphide was microcrystalline, m. p. 80°. It gave a 
white mercury mercaptide and a canary-yellow lead mercaptide. 

On methylation the above mercaptan passed into 6-methylthiol-2-methoxytoluene, b. p. 256°, 
possessing a pleasant aromatic smell (Found: S, 18-8. C,H,,OS requires S, 19-0%), but 
this could not be oxidised to the sulphone. 


Derivatives of m-Methoxytoluene and m-Methoxybenzoic Acid, 


2-Thiol-3-methoxytoluene.—The methylation of 2-nitro-m-cresol (m. p. 41°; Gibson, J., 
1923, 123, 1269) and the conversion of the methyl ether, m. p. 49°, into 3-methoxytoluene-2- _ 
sulphinic acid, m. p. 94-5°, via 2-amino-m-tolyl methyl ether, m. p. 32°, were carried out 
according to Haworth and Lapworth’s method (loc. cit.). In methylation, however, the dis- 
tillation of-xylene in a vacuum was not necessary, as the marked fall in the yield of nitro- 
methyl ether noted by these workers was not observed. 

The sulphinic acid on reduction passed into 2-thiol-3-methoxytoluene, b. p. 256—257° (Found : 
S, 20-7. C,gH,,OS requires S, 20-8%); the benzoyl derivative was an oil, but the disulphide 
crystallised in plates, m. p. 148° (Found: S, 20-8. C,gH,,0,S, requires S, 20-9%). 

2-Methylthiol-3-methoxytoluene was obtained from the above mercaptan on methylation in 
the usual way; it had a fruity odour and boiled at 269—270° (Found: S, 18-9. C,H,,OS 
requires S, 19-0%). Oxidation of this compound gave 2-methylsulphonyl-3-methoxybenzoic acid, 
m. p. 212°, which was more soluble than other sulphones described in this paper and crystallised 
in clusters of needles (Found: S, 13-8; equiv., 229. C,H, O,S requires S, 13-9%; equiv., 230). 

5-T hiol-3-methoxytoluene.—3-Methoxytoluene-5-sulphinic acid was prepared essentially as 
described by Haworth and Lapworth (loc. cit.), but for the synthesis of 5-nitro-m-toluidine we 
followed the procedure of Brady, Day, and Rolt (J., 1922, 121, 529). Further, for the replace- 
ment of the amino-group by hydrogen in 3: 5-dinitro-p-toluidine, we modified Cohen and 
McCandlish’s method as follows: a solution of 3: 5-dinitro-p-toluidine (10 g.) in absolute 
alcohol (200 c.c.) was treated with sulphuric acid (50 c.c.), cooled, and diazotised at 0° by 
gradual addition of sodium nitrite (30 g.); the mixture was kept at 0° for 1 hour and then 
heated under reflux for 2 hours. Alcohol was then distilled over, and the concentrated mixture 
diluted with water; 3: 5-dinitrotoluene, m. p. 92°, separated cleanly and free from tar. 

5-Thiol-3-methoxytoluene was obtained from the above sulphinic acid by Gattermann’s 
method; it was an oil of unpleasant thiophenolic odour, b. p. 251—252° (Found: S, 20-6. 
C,H,,OS requires S, 20-8%). It gave a white mercury mercaptide and a lemon-yellow lead 
mercaptide. The benzoyl derivative and the disulphide were also oils. 

5-Methylthiol-3-methoxytoluene, b. p. 263°, was prepared in the usual manner; it had a 
fruity odour (Found: S, 19-0. C,H,,OS requires S, 19-0%). 5-Methylsulphonyl-3-methoxy- 
benzoic acid crystallised in long needles, m. p. 195° (Found: S, 13-9; equiv., 229-4. C,H,,0;S 
requires S, 13-9%; equiv., 230). 

5-Thiol-3-methoxybenzoic Acid.—Reduction of 5-chlorosulphonyl-3-methoxybenzoic acid 
(preceding paper) afforded this acid, which formed microcrystals from alcohol, m. p. 162° 
(Found: S, 17-3. C,H,O,S requires S, 17-4%). 
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3-Methoxybenzoic acid-5-disulphide. A cold alcoholic solution of 5-chlorosulphonyl-3- 
methoxybenzoic acid (1 g.) was treated with zinc dust (1-5 g.) and hydrochloric acid (10 c.c.), 
The excess of zinc was removed, and the filtrate digested with solid ferric chloride in presence 
of hydrochloric acid. After one hour the disulphide, which separated on dilution with water, 
was filtered off, washed, dissolved in aqueous sodium carbonate solution, and precipitated with 
hydrochloric acid. It was obtained from alcohol as a fine white powder (0-9 g.), m. p. 228° 
(Found : S, 17-3; equiv., 183-1. C,,H,,0,S, requires S, 17-5%; equiv., 183). 

5-Methylthiol-3-methoxybenzoic acid. On methylating the above thiol-acid the methylthiol 
was obtained as a flocculent mass which crystallised from all organic solvents except chloro- 
form and carbon tetrachloride in thin glossy plates, m. p. 155° (Found: S, 16-0; equiv., 196-6. 
C,H1,0,S requires S, 16-2%; equiv., 198). It yielded on oxidation 5-methylsulphonyl-3- 
methoxybenzoic acid, needles, m. p. 195°, identical with that obtained from 5-thiol-3-methoxy- 
toluene (Found: S, 13-87%). 

2-Thiol-5-methoxytoluene.—Reduction of 5-methoxytoluene-2-sulphonyl chloride gave 2- 
thiol-5-methoxytoluene, b. p. 253—254°. The mercury and the lead salt were orange and white 
respectively. The disulphide was an oil, and the benzoyl derivative was obtained in needles, 
m. p. 84° (Found: S, 12-3. C,;H,,0,S requires S, 12-4%). 

6-Methylthiol-3-methoxytoluene was obtained as a colourless, pleasant-smelling oil, b. p. 272° 
(Found: S, 19-0. C,H,,OS requires S, 19-0%); on oxidation it was converted into 6-methyl- 
sulphonyl-3-methoxybenzoic acid, rectangular plates, m. p. 180° (Found: S, 13-8; equiv., 
229-0. C,H,,0,S requires S, 13-9%; equiv., 230). 


Derivatives of p-Methoxytoluene and p-Methoxybenzoic Acid. 


2-Thiol-4-methoxytoluene.—4-Nitrotoluene-2-sulphonic acid (Beilstein and Kuhlberg, Joc. 
cit.) was reduced to the amino-acid, which was converted via the diazo-compound (Jenssen, 
Annalen, 1874, 172, 230; Remsen and Darshiell, Amer. Chem. J., 1893, 15, 108; Parks, ibid., p. 320) 
into p-cresol-2-sulphonic acid, and thence into 4-methoxytoluene-2-sulphonic acid (Parks, oc. cit.). 
The sulphonyl] chloride separated as a yellow oil, and the sulphonamide crystallised in prisms, 
m. p. 151°. 

Retention of the sulphonyl chloride gave 2-thiol-4-methoxytoluene as an oil, b. p. 
253—254°, with the usual disagreeable smell (Found: S, 20-7. C,H,OS requires S, 20-8%). 
It gave a lemon-yellow mercury mercaptide and a carmine-yellow lead salt. Its benzoyl 
derivative and the disulphide were syrups. 

2-Methylthiol-4-methoxytoluene had b. p. 260—261° (Found: S, 19-0. C,H,,OS requires 
S, 19-0%), and 2-methylsulphonyl-4-methoxybenzoic acid crystallised in long needles, m. p. 180° 
(Found : S, 13-8; equiv., 230-6. C,H,,O,S requires S, 13-9%; equiv., 230). 

3-T hiol-4-methoxytoluene.—4-Methoxytoluene-3-sulphonic acid (Allemann, Amer. Chem. J., 
1904, 31, 24), obtained by sulphonating -tolyl methyl ether with 100% sulphuric acid or 
chlorosulphonic acid at 0—10°, was converted into the sulphonyl chloride and thence into 
3-thiol-4-methoxytoluene, b. p. 252—253° (m. p. 36—37°); benzoyl derivative, prisms, m. p. 
75° (Found: S, 12-1. C,;H,,0,S requires S, 12-4%); disulphide, microscopic needles, m. p. 
74°. On methylation it was converted into 3-methylthiol-4-methoxytoluene, b. p. 262°. The 
thiol, disulphide and methylthiol are identical with those described by Gattermann (oc. cit.). 

3-Methylsulphonyl-4-methoxybenzoic acid, produced in the usual way, crystallised in small 
needles, m. p. 215° (Found: S, 13-9. C,H,.0,;S requires S, 13-9%). 

3-T hiol-4-methoxybenzoic A cid.—3-Sulpho-4-methoxybenzoic acid was prepared as its potassium 
hydrogen salt (Found: K, 12-8; H,O, 11-7; equiv., 308-1. C,H,O,SK,2H,0 requires K, 12-7; 
H,O, 11:8%; equiv., 306-1) by sulphonating anisic acid (Zervas, loc. cit.) and converting the 
resulting acid into the barium salt (plates) (Found: Ba, 34:3; H,O, 8-9. C,H,O,SBa,2H,O 
requires Ba, 34:1; H,O, 93%) or by oxidising 4-methoxytoluene-3-sulphonic acid and 
proceeding as before. The acid was microcrystalline, m. p. 250—251° (Found: equiv., 
133. C,H,O,S,2H,O requires equiv., 134). Fusion of the potassium salt with potassium 
hydroxide yielded protocatechuic acid, m. p. 199°. 

3-Chlorosulphonyl-4-methoxybenzoyl chloride, prepared as usual, crystallised from benzene 
or toluene in rhombic plates, m. p. 70° (Found: Cl, 26-3. C,H,O,CI,S requires Cl, 26-4%). 
3-A midosulphonyl-4-methoxybenzamide crystallised in needles, m. p. 262° (Found: S, 13-8. 
C,H ,,O,SN, requires S, 13-9%). 

« 3-Chlorosulphonyl-4-methoxybenzoic acid. The above chlorosulphonylmethoxybenzoy]l chlor- 
ide (3 g.) was shaken with water (200 c.c.) at room temperature. After 8 days the partial 
hydrolysis was complete, and the residue consisted solely of 3-chlorosulphonyl-4-methoxybenzoic 
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acid, m,. p. 178°. It crystallised from toluene in square plates (1-2 g.) (Found: Cl, 14-1. 
C,H,O,;SCl requires Cl, 14-2%). 

3-Amidosulphonyl-4-methboxybenzoic acid was prepared in three ways: (1) 3-Chloro- 
sulphonyl-4-methoxybenzoic acid was heated with ammonia, and the solution acidified ; 
(2) 3-amidosulphonyl-4-methoxybenzamide was boiled under reflux with hydrochloric acid for 
2 days; (3) 4-methoxytoluene-3-sulphonamide, prepared from 3-chlorosulphonyl-4-methoxy- 
toluene, was oxidised with potassium permanganate, and the filtered liquid was concentrated 
and acidified with hydrochloric acid. The three products were identical and crystallised in 
needles, m. p. 288° (Found: S, 13-8. Calc.: S, 13-8%) (compare Metcalf, Amer. Chem. J., 
1893, 15, 301; Allemann, Joc. cit., p. 24). 

3-Thiol-4-methoxybenzoic acid, obtained by reduction of the foregoing acid, was amorphous, 
m. p. 317° (decomp.) (Found: S, 17-3. C,H,O,S requires S, 17-4%). 3-Methylthiol-4-methoxy- 
benzoic acid crystallised from alcohol in thin plates, m. p. 205° (Found: S, 16-1; equiv., 198. 
C,H90,S requires S, 16-2%; equiv., 198). 3-Methylsulphonyl-4-methoxybenzoic acid, m. p. 
215°, was identical with that derived from 3-thiol-4-methoxytoluene (Found : S, 13-85%). 

2-Chlorosulphonyl-5-methoxy- and 2-chlorosulphonyl-4-methoxy-benzoyl chlorides were 
identified by conversion into the corresponding 3- and 4-methoxy-o-benzoic sulphinimides, 
m. p. 237° and 271° respectively (Haworth and Lapworth, Joc. cit.; Parks, loc. cit.). Moreover, 
the potassium salt of 2-sulpho-4-methoxybenzoic acid when fused with alkali yielded f-resorcylic 
acid, m. p. 213°. 
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322. Molecular Rearrangement of Some o-Acyloxyacetophenones and 
the Mechanism of the Production of 3-Acylchromones. ; 


By WILson BAKER. 


In an attempt to prepare its benzyl ether, 4-O-benzoylresacetophenone (prepared from 
benzoyl chloride, resacetophenone, and aqueous sodium hydroxide) was heated in benzene 
with benzyl chloride (1 mol.) and anhydrous potassium carbonate ; the product (20% yield), 
however, was w : 4-dibenzoylresacetophenone (2-hydroxy-4-benzoyloxydibenzoylmethane) (II). 
Alkaline hydrolysis of the weakly phenolic compound yielded both acetophenone and 
benzoic acid, and cold concentrated sulphuric acid converted it smoothly into 7-hydroxy- 
flavone (III). 


O O 
BzOf \OBz BzO/ ‘SOH HO Ph BzO (OH)Ph 
C Ren, ial Coons. _ OCE = 
‘6 0 
(I.) (II) (LII.) (IV.) 


It was evident that the benzyl chloride had taken no essential part in the formation of 
(II), and this was confirmed by its preparation from 4-O-benzoylresacetophenone and 
also from resacetophenone by the action of one and two molecules of benzoyl chloride 
respectively in benzene in presence of potassium carbonate (yields, about 20%). The 
interaction of three molecules of benzoyl chloride and resacetophenone under similar 
conditions was very slow, and the yield was only 8%. 

The result of the last experiment made it very unlikely that the w-benzoylation resulted 
from a direct attack on the methyl group by benzoyl chloride, and, further, no dibenzoyl- 
methane was obtained by treating acetophenone with benzoyl chloride in benzene in 
presence of potassium carbonate. It was then found that resacetophenone dibenzoate 
(I), when heated with benzene or toluene and potassium carbonate, underwent intra- 
molecular rearrangement, giving  : 4-dibenzoylresacetophenone (II). 

The migration concerns solely the o-benzoyloxy-group, since it occurs neither in 4-0- 
benzoylresacetophenone nor in p-benzoyloxyacetophenone, and, further, if two different 
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aroyl radicals esterify the hydroxyl groups of resacetophenone, only the one in the ortho- 
position migrates: e.g., from 4-O-benzoyl-2-O-anisoylresacetophenone was obtained o : 4- 
dianisoylresacetophenone, convertible into 7-hydroxy-4’-methoxyflavone. « : 4-Dianisoy]- 
resacetophenone was also obtained both by the action of anisoyl chloride on resaceto- 
phenone (4-O-anisoylresacetophenone was obtained as a by-product) and by the rearrange- 
ment of resacetophenone dianisate. 

The o-hydroxydibenzoylmethanes produced by molecular rearrangement separate 
as their bright yellow potassium salts. The potassium has displaced hydrogen in the 1 : 3- 
diketonic portion of the molecule and not that of the phenolic hydroxyl group, since, ¢.g., 

(II) is rapidly removed from its benzene solution by boiling with potassium carbonate, 
whereas an o-hydroxyacetophenone forms no potassium salt under these conditions. The 
salts may, therefore, be completely freed from other products by washing with hot benzene 
and yield almost pure o-hydroxydibenZoylmethanes by decomposition with water. Their 
formation, however, necessarily involves the liberation of a molecule of water, which 
may cause partial hydrolysis of the benzoyl (or other aroyl) groups, this in turn leading 
to the production of benzoic acid, then potassium benzoate, and liberation of another 
water molecule. It is, therefore, not surprising that the yields obtained in these mole- 
cular rearrangements are only 20—40% of the theoretical. 

In certain cases the rearrangement is accompanied by intermolecular reaction; e.g., 
4-O0-benzoyl-2-O-anisoylresacetophenone gives w : 4-dianisoylresacetophenone, and 2-O- 
benzoyl-4-O-acetylresacetophenone gives w : 4-dibenzoylresacetophenone (II), both in poor 
yield. The formation of (II) during the attempted benzylation of 4-O-benzoylresaceto- 
phenone probably involves partial exchange of the benzoyl group for the benzyl group 
with liberation of benzoyl chloride; this will then attack 4-O-benzoylresacetophenone 
with formation of resacetophenone dibenzoate (I), which then undergoes the normal 
rearrangement. 

The ring closure of the o-hydroxydibenzoylmethanes is effected with concentrated 
sulphuric acid or with boiling acetic acid and sodium acetate. Hydrolysis of any aroyloxy- 
groups occurs in both methods, although frequently it is incomplete in the latter; ring 
closure, however, occurs rapidly and hydrolysis may then be completed with methyl- 
alcoholic potash. Ring closure without hydrolysis of the aroyloxy-groups is rapidly 
effected by hot acetic acid containing a trace of hydrochloric acid (compare Wittig, Annalen, 
1925, 446, 155); e.g., (II) is converted into 7-benzoyloxyflavone. Ring closure probably 
takes place through a 2-hydroxyflavanone derivative (IV), which then loses a molecule of 
water; it is also possible that (IV) may be an intermediate during the migration of the 
benzoyl group. 

The generality of the new rearrangement is made evident by the following examples. 
o-Benzoyloxyacetophenone gave o-hydroxydibenzoylmethane in 32% yield, from which 
flavone was quantitatively prepared. Resacetophenone diveratrate gave w : 4-diveratroyl- 
resacetophenone, from which 7-hydroxy-3' : 4’-dimethoxyflavone was prepared. Gallaceto- 
phenone tribenzoate furnished  : 3 : 4-iribenzoylgallacetophenone, convertible into 7: 8- 
dihydroxyflavone. Resacetophenone and cinnamoy]l chloride in presence of toluene and 
potassium carbonate gave directly 7-cinnamoyloxy-2-styrylchromone and 4-O-cinnamoyl- 
resacetophenone; and 2 : 4-dihydroxyphenyl benzyl ketone, treated with benzoyl chloride 
and potassium carbonate in toluene, gave 7-hydroxy-2 : 3-diphenylchromone (Baker and 
Robinson, J., 1925, 127, 1985). Slightly modified treatment after the reaction led to the 
isolation of 2-hydroxy-4-benzoyloxyphenyl benzyl ketone and 2-hydroxy-4-benzoyloxy- 
benzoic acid, the latter evidently arising by hydrolysis of the intermediate dibenzoyl- 
methane derivative. Neither resacetophenone diacetate nor 4-O-benzoyl-2-O-acetyl- 
resacetophenone underwent rearrangement. 

The synthesis of flavones and related compounds through the o-hydroxydibenzoyl- 
methanes involves the use of only the theoretical amount of the appropriate acid chloride 
(compare the recent modification of the ‘‘ fusion’’ method; Chavan and Robinson, this 
vol., p. 368) and very mild temperature conditions, and is thus of interest in connexion 
with the synthesis of flavone glucosides. Although the migrations here described were 
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actually carried out at about 95°, resacetophenone dibenzoate (I) is slowly transformed 
into w : 4-dibenzoylresacetophenone (II) by the usual reagents at 35°, a 24% yield being 
obtained after 14 days; a complete synthesis of a flavone has thus been effected below 
35°. 

The production of o-hydroxydibenzoylmethanes by migration furnishes an explanation 
of the formation of the 3-acylated chromones which are sometimes isolated when an 
o-hydroxyacetophenone is heated with the anhydride and the sodium salt of a carboxylic 
acid. Thus resacetophenone, acetic anhydride, and sodium acetate yield 7-acetoxy-3- 
acetyl-2-methylchromone (Tahara, Ber., 1892, 25, 1302; Nagai, ibid., p. 1287; von 
Kostanecki and Rozycki, Ber., 1901, 34, 107). Acylation in position 3 does not always 
occur, but it must be remembered that in nearly all the cases in which the reaction has 
since been used for the synthesis of flavones, flavonols, etc., the whole product of the 
reaction has been hydrolysed with alcoholic sodium or potassium hydroxide, so that a 
3-acylated derivative, if present, would lose its acetyl group. Several cases are, however, 
recorded of the production of 3-acylated chromones in the naphthalene series (Bhullar 
and Venkataraman, J., 1931, 1165; Menon and Venkataraman, ibid., p. 2591). 

3-Acylation is probably much more general than is usually supposed, for, when the pro- 
duct is worked up with prevention of hydrolysis, 3-acylchromones seem to be invariably 
isolated. Thus Algar, McCarthy, and Dick (Proc. Royal Irish Acad., 1933, 41, 155) report 
the isolation of 3 : 3’-dibenzoyldiflavone from the product of interaction of resdiaceto- 
phenone, benzoic anhydride, and sodium benzoate, and it has now been found that benzoic 
anhydride and sodium benzoate act upon resacetophenone to give 7-benzoyloxy-3-benzoyl- 
flavone and a much smaller amount of 7-benzoyloxyflavone. 7-Benzoyloxy-3-benzoyl- 
flavone is readily hydrolysed to 7-hydroxyflavone. 

Two explanations of the formation of these acylated chromones have been advanced. 
(1) Schneider and Kunau (Ber., 1921, 54, 2302) suggested that an acyl group might be © 
directly introduced into the 3-position of a preformed chromone: this type of reaction, 
however, is unknown (see Wittig, Annalen, 1925, 446, 159). (2) Wittig (loc. cit.) rejected 
the possibility of intermediate 1 : 3-diketone formation, since the methyl ether of 2-acetyl- 
3 : 5-dimethylphenol gave no 1 : 3-diketone when boiled with acetic anhydride and sodium 
acetate; and in order to account for the formation of the 3-acyl derivatives he proposed 
a series of reactions which require, for example, that the action of propionic anhydride 
and sodium propionate on 2-acetoacetyl-4-methylphenol (V) should give 3-propionyl- 
r ‘ ee (VI) and not the isomeric 3-acetyl-6-methyl-2-ethylchromone 

II). 


O 
OH CMe 
(V.) ne P6cxr,come Me ccort 

O 

O 

Et OH OH 
Me C.COMe Me _JCO-CH,COEt ne Pb cncoome 
O (VII) (VIII.) (IX.) 


The actual product of this reaction was regarded as (VI) because on boiling with aqueous 
sodium carbonate it yielded 2 : 6-dimethylchromone (loc. cit., p. 203). This observation 
has now been verified, but it must be pointed out that hydrolysis experiments are not to 
be relied upon in deciding the constitution of such compounds, since, if the chromone ring 
opens during the reaction, identical products might be expected from both (VI) and (VII). 

It has now been found that the product formed by heating 2-propionoacetyl-4-methyl- 
phenol (VIII) (prepared from 2-acetyl-4-methylphenol, ethyl propionate, and sodium), 
acetic anhydride, and sodium acetate is identical with that obtained by heating 2-aceto- 
acetyl-4-methylphenol (V), propionic anhydride, and sodium propionate. This fact at 
once disproves Wittig’s mechanism, which requires these reactions to give isomeric pro- 
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ducts (VII) and (VI) respectively, and also shows that (VIII) and (V) do not each first 
undergo esterification of the phenolic group, followed by dehydration,* since this would 
require the production of the isomeric compounds (VI) and (VII) respectively. 

The only explanation in harmony with the new observation is that acylation occurs 
on the methylene carbon atom of the 1 : 3-diketone, so that both (V) and (VIII) yield the 
same intermediate (IX), which will then undergo ring closure presumably in one direction 
only, the product being probably correctly regarded by Wittig as 3-propiony]l-2 : 6-di- 
methylchromone (VI). 

The following mechanism for the production of chromones and 3-acylated chromones 
when an o-hydroxyacetophenone is heated with the anhydride and the sodium salt of a 
carboxylic acid may now be advanced : 


O 
OH SS. O-cOR C(OH)R “, CR 
an eee x CH, ” al ‘f= 


CO 


(e) OH 
Orga OC eas COR Oi: CH(COR), ~*~ CPGcu,jcon 


) Esterification of the phenolic hydroxyl group. (5) Closure to a 2-hydroxyflavanone 
: possibly a 2-acyloxyflavanone) ; a compound of this type has been isolated by Wittig 
(Annalen, 1925, 446, 203) by boiling 4-chloro-2-isobutyrylphenol with acetic anhydride 
and sodium acetate, loss of water being impossible. (c) Loss of a molecule of water with 
production of the chromone. (d) Alternatively to (c), the ring of the 2-hydroxyflavanone 
may open to give the diketone under the influence of the sodium salt of the acid. (e) 
Acylation of the methylene carbon atom to give a triacylmethane derivative. This step 
is, perhaps, best regarded as a direct C-acylation rather than migration of an acyl group 
from the phenolic oxygen atom, since, if such migration occurred through the 2-hydroxy- 
flavanone, isomeric and not identical products might be expected from compounds (V) 
and (VIII). (f) Closure to the 2-hydroxy-3-acylflavanone, followed by (g) dehydration 
to the 3-acylchromone. 

The preparation of a 1: 3-diketone by migration of an aliphatic acid radical in an 
o-acyloxyacetophenone has not yet been effected, and, owing to subsequent reactions, 
there can be no direct proof that an aromatic acid radical can migrate under the influence 
of its anhydride and sodium salt. No reasonable doubt, however, can now be entertained 
that such reactions may occur. 

EXPERIMENTAL. 


4-O-Benzoylresacetophenone.—To a stirred solution of resacetophenone (60-8 g.) in water 
(300 c.c.) containing sodium hydroxide (18 g.), benzoyl chloride (60 g.) was added during 2 
hours. The solid product was crystallised from much alcohol (yield, 70 g.) and on recrystallis- 
ation formed small plates, m. p. 106—107° (Found: C, 69-8; H, 4-7. C,;H,,O,4 requires C, 
70-3; H, 4-7%). It gave a cherry-red colour with alcoholic ferric chloride. The acetyl deriv- 
ative (boiling acetic anhydride) separated from methyl alcohol in pale cream-coloured prisms, 
m. p. 82—83° (Found: C, 68-5; H, 4-9. C,,H,,O, requires C, 68-4; H, 4-7%). 

Resacetophenone Dibenzoate (1).—A mixture of resacetophenone (30-4 g.), pyridine (60 c.c.), 
and benzoyl chloride (56-2 g.; 2 mols.) was heated on the steam-bath for 15 minutes, poured 
into water, and stirred with dilute hydrochloric acid and then with alcohol. After it had 
solidified, the product was washed with cold alcohol, dried at room temperature (yield, 53 g.), 
and crystallised from methyl alcohol, forming six-sided plates, m. p. 80—81° (Found: C, 73-0; 


* This mechanism is implied in the statement of Algar, McCarthy, and Dick (Joc. cit.) that the inter- 
action of 4 : 6-dibenzoylacetoresorcinol with acetic anhydride and sodium acetate yields 3 : 3’-dibenzoyl- 
2:2’-dimethyldichromone. It is nowevident, however, that the substance may equally well be the isomeric 
3: 3’-diacetyldiflavone. Again, Miiller’s “‘ acetyl derivative ’’ of o-hydroxydibenzoylmethane—really 
the anhydroacetyl derivative—may be either 3-acetylflavone or 3-benzoyl-2-methylchromone. 
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H, 4:6. Calc. for C,.H,,0,: C, 73-3; H, 45%). This substance was prepared in an impure 
state by Torrey and Kipper (J. Amer. Chem. Soc., 1907, 29, 80) from resacetophenone and benzoyl 
chloride at 100—170°; when prepared in this manner, it is very difficult to purify, but is identical 
(mixed m. p.) with that described above. 

4-O-A cetylresacetophenone.—Powdered resacetophenone (40 g.) and anhydrous sodium 
acetate (40 g.) were stirred with acetic anhydride (80 c.c.), finally at 50°. The product pre- 
cipitated by water formed prisms (40 g.) from methyl alcohol; m. p. 75—76° (see Tahara, Ber., 
1892, 25, 1300). 

2-O-Benzoyl-4-O-acetylresacetophenone.—Benzoyl chloride (14-1 g.) was added to 4-O-acetyl- 
resacetophenone (19-4 g.) in pyridine (50 c.c.), and after 12 hours the product was poured into 
water and extracted with ether. The extracts were shaken successively with water, dilute 
hydrochloric acid, and dilute aqueous sodium carbonate, dried over calcium chloride, and dis- 
tilled, leaving an oil (26 g.) which solidified when stirred under ligroin (b. p. 40—60°). This 
separated from a little methyl alcohol in thick rhombic plates, m. p. 67° (Found: C, 68-7; 
H, 4:8. C,,H,,0, requires C, 68-4; H, 4-7%). 

w : 4-Dibenzoylresacetophenone (I1).—(A) Benzoylation of 4-O-benzoylresacetophenone. 4-O- 
Benzoylresacetophenone (12-8 g.), toluene (50 c.c.), freshly ignited potassium carbonate (20 g.), 
and benzoyl chloride (7 g.; 1 mol.) were stirred on the steam-bath for 15 hours [a yellow colour 
gradually developed after about 4 hours, and toluene (50 c.c.) was added after 7 hours owing 
to thickening of the mixture]. The liquid was filtered hot, and the solid washed with hot 
benzene, dried, stirred into cold water, collected, dried, and recrystallised from benzene, giving 
w : 4-dibenzoylresacetophenone (II) (3-9 g.). When benzyl chloride (7-6 g.) was substituted 
for the benzoyl chloride, the reaction was complete in 6 hours, (II) (3-5 g.) being obtained as 
before. 

(B) Benzoylation of resacetophenone. Resacetophenone (15-2g.), toluene (100c.c.), anhydrous 
potassium carbonate (40 g.), and benzoyl chloride (28-1 g.; 2 mols.) were stirred as above for 
5 hours, toluene (100 c.c.) being added after 2 hours; (II) (yield, 5-7 g.) was isolated as before (the 
original benzene filtrate yielded 13-4 g. of crude 4-O-benzoylresacetophenone). 

(C) Rearrangement of resacetophenone dibenzoate (I). Resacetophenone dibenzoate (20 g.), 
toluene (200 c.c.), and potassium carbonate (60 g.) were stirred on the steam-bath for 4 hours. 
(II) was isolated as usual, washed with cold methyl alcohol, dried at a moderate temperature 
(yield, 16-5 g.), and converted into 7-hydroxyflavone by method (a) (below) (yield, 5-3 g., 40% 
calculated on the dibenzoate). 

(D) Rearrangement of 2-O-benzoyl-4-O-acetylresacetophenone. Rearrangement (of 10 g.) 
was effected as under (C), and, after crystallisation from acetone, pure w : 4-dibenzoylresaceto- 
phenone (0-1 g.), m. p. and mixed m. p. 167°, was isolated. 

w : 4-Dibenzoylresacetophenone separates from benzene in yellow lustrous needles, m. p. 
167° (Found: C, 73-3; H, 4:7. C,,H,,O,; requires C, 73-3; H, 45%). It also crystallises 
from alcohol or acetone, but some loss of material occurs. Its alcoholic solution develops a 
reddish-brown coloration with ferric chloride. It is insoluble in cold aqueous sodium hydroxide, 
but gives a yellow solution on warming. 

7-Hydroxyflavone (I11).—(a) w : 4-Dibenzoylresacetophenone (5 g.) was boiled for 6 hours 
with acetic acid (50 c.c.) and sodium acetate (10 g.), and the product poured into water. 
7-Hydroxyflavone separated from methyl alcohol in needles, m. p. 240° (yield, 90%), and its 
acetyl derivative from alcohol in needles, m. p. 129—130° (compare Robinson and Venkatara- 
man, J., 1926, 2345). 

(b) w : 4-Dibenzoylresacetophenone (5 g.) was dissolved in concentrated sulphuric acid 
(25 c.c.). The yellow colour of the solution rapidly faded and a bright blue fluorescence 
developed; after 4 hours the solution was poured into water, and the 7-hydroxyflavone 
was collected and crystallised as before (yield, 76%). 

7-Benzoyloxyflavone.—w : 4-Dibenzoylresacetophenone (2 g.) was heated on the steam- 
bath for 5 minutes with acetic acid (19 c.c.) and concentrated hydrochloric acid (1 c.c.) and 
poured into water. The solid separated from alcohol in long lustrous needles, m. p. 157—158° 
(Found: C, 76-9; H, 4:1. C,,H,,O, requires C, 77-2; H, 4-1%). 

Resacetophenone Dianisate.—Prepared from resacetophenone (15-2 g.), pyridine (30 c.c.), 
and anisoyl chloride (34-1 g.) as in the case of resacetophenone dibenzoate, this compound 
(41 g.) separated from much alcohol in bunches of tiny crystals, m. p. 118° (Found: C, 68-6; 
H, 4-9. C,,H,..O, requires C, 68-6; H, 4:8%). 

4-O-Benzoyl-2-O-anisoylresacetophenone.—A mixture of 4-O-benzoylresacetophenone (12-8 g.), 
pyridine (25 c.c.), and anisoyl chloride (8-6 g.; 1 mol.) was heated on the steam-bath for 15 
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minutes, and treated with dilute hydrochloric acid. The solid separated from alcohol (charcoal) 
in prismatic needles (11-5 g.), m. p. 109—110° (Found: C, 70-7; H, 4-6. C,3H,,O, requires 
C, 70-8; H, 4-6%). 

w : 4-Dianisoylresacetophenone.—(A) Anisoylation of resacetophenone. The compound was 
prepared in the same way as the corresponding dibenzoyl derivative (method B), anisoy] chloride 
(34-1 g.; 2 mols.) being used and the mixture heated for 20 hours. The solid residue after 
filtration and washing with benzene was worked up as before, pure w : 4-dianisoylvesaceto- 
phenone (7-9 g.; 19%) being obtained. It is very sparingly soluble in alcohol, but separates 
from benzene in irregular growths of microscopic yellow crystals, m. p. 170—171° (Found : 
C, 69-0; H, 5-0. C,,H,O, requires C, 68-6; H, 4-7%). Its properties are similar to those 
of the benzoyl analogue (II), but the solution in concentrated sulphuric acid shows a greenish- 
blue fluorescence which slowly turns vivid blue, this behaviour being characteristic of 7-hydroxy- 
4’-methoxyflavone (Robinson and Venkataraman, J., 1926, 2346). The benzene filtrate and 
washings (above) yielded an oil which solidified in contact with alcohol. This product (20 g.) 
proved to be crude 4-O-anisoylresacetophenone: it is best prepared by shaking an aqueous 
alkaline solution of resacetophenone (1 mol.) with anisoyl chloride (1 mol.) (compare prepar- 
ation of 4-O-benzoylresacetophenone) and after crystallisation from methyl alcohol and then 
ethyl acetate, in which it is rather readily soluble, it is obtained in compact flat prisms, m. p. 
151° (Found: C, 66-9; H, 4-8. C,,H,,O,; requires C, 67-1; H, 4-9%). Its solution in alcohol 
gives a dull purplish-red colour with ferric chloride. 

(B) Rearrangement of resacetophenone dianisate. The reaction (15 hours) and subsequent 
isolation of the product were effected in the manner described for the rearrangement of resaceto- 
phenone dibenzoate. The w : 4-dianisoylresacetophenone (6-5 g.) was converted directly into 
7-hydroxy-4’-methoxyflavone (2-5 g.) (vide infra). 

(C) From 4-O-benzoyl-2-O-anisoylresacetophenone. This was done as in the previous case, 
but the reaction was appreciably slower. After crystallising from benzene and then twice 
from acetone, the compound was identical (m. p. and mixed m. p.) with @ : 4-dianisoylresaceto- 
phenone. 

7-Hydroxy-4'-methoxyflavone (Pratol).—w : 4-Dianisoylresacetophenone (3 g.), acetic acid 
(30 c.c.), and sodium acetate (6 g.) were refluxed for 8 hours, the solution poured into water, 
and the resulting solid heated for a few minutes with weak methyl-alcoholic potassium hydroxide, 
diluted, precipitated by carbon dioxide, collected, and recrystallised from alcohol (charcoal). 
It separated in very pale yellow, prismatic needles (1-3 g.), m. p. (rapid heating) 263—264° 
(Found in material dried at 150° in a vacuum over phosphoric anhydride: C, 71-8; H, 4:8. 
Cale. for C,,H,,0,: C, 71-6; H, 45%). The acetyl derivative (boiling acetic anhydride, 
3 hours) separated from alcohol in dimorphic forms, colourless, long, silky needles (X) and 
compact, less soluble hexagonal plates (Y) which always exhibited a pale violet colour; when 
the alcoholic suspension of (X) and (Y) was warmed, the former dissolved and all subsequently 
crystallised in the form (Y). Both forms appeared to melt at 176—177°, but since it was 
impossible to obtain (X) entirely free from (Y), (X) was probably converted into the more stable 
form (Y) before melting. 7-Acetoxy-4’-methoxyflavone (Robinson and Venkataraman, Joc. 
cit.) and acetyl pratol (Power and Salway, J., 1910, 97, 231) are described as colourless needles 
from alcohol, m. p. 166°, and this is doubtless the true m. p. of the unstable form (X). The 
more stable form has not previously been described. 

Solution of w : 4-dianisoylresacetophenone in concentrated sulphuric acid and precipitation 
by water gave a non-crystalline yellow product, which dissolved in concentrated sulphuric 
acid with a vivid blue fluorescence. The alteration in the fluorescence of pratol in concentrated 
sulphuric acid is hence accompanied by chemical change. 

o-Benzoyloxyacetophenone.—o-Hydroxyacetophenone (13-6 g.) (Freudenberg and Orthner, 
Ber., 1922, 55, 1748), pyridine (20 c.c.), and benzoyl chloride (14-1 g.) were heated on the steam- 
bath for 15 minutes. The product solidified when poured into dilute hydrochloric acid; it 
was washed with dilute aqueous sodium hydroxide and then water and crystallised from alcohol 
(the solution being cooled to 0°); yield, 13 g.; m. p. 87—88°. Anschiitz and Scholl (A nnalen, 
1911, 379, 338) prepared it by the Schotten—Baumann method. 

o-Hydroxydibenzoylmethane.—o-Benzoyloxyacetophenone (10 g.), potassium carbonate 
(30 g.), and toluene (100 c.c.) were stirred on the steam-bath for 8 hours and the yellow solid 
was collected, washed with benzene, and stirred into dilute acetic acid. The o-hydroxydi- 
benzoylmethane crystallised from methyl] alcohol in thin yellow prisms (3-2 g.), m. p. 121°. It 
gave a deep reddish-brown colour with ferric chloride in alcohol. Miiller (J., 1915, 107, 872) 
records m. p. 120°, and a violet colour with ferric chloride in alcohol. 
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Flavone.—o-Hydroxydibenzoylmethane (1 g.) was (a) dissolved in concentrated sulphuric 
acid (10 c.c.), the yellow colour fading in a few seconds, and after 5 minutes poured into water; 
or (b) boiled with acetic acid (10 c.c.) and sodium acetate (2 g.) for hour and poured into water. 
The flavone from (a) had m. p. 96—97°; both specimens crystallised from ligroin (b. p. 60— 
80°) in colourless tufts of fine needles, m. p. 98°. The yields were almost quantitative. 

p-Benzoyloxyacetophenone.—p-Hydroxyacetophenone was prepared by the method described 
for the o-derivative (Freudenberg and Orthner, /oc. cit.) and recrystallised from benzene; yield, 
40 g. from 100 g. of phenyl acetate. The benzoyl derivative was prepared in the same way 
as o-benzoyloxyacetophenone and crystallised from alcohol; yield, 18 g.; m. p. 134—135° 
(see Tanret, Bull. Soc. chim., 1894, 11, 949; Charon and Zamanos, Compt. rend., 1901, 133, 
741). 

Resacetophenone Diveratrate——Prepared from resacetophenone (13-7 g.), pyridine (30 c.c.), 
and veratroyl chloride (36-1 g.) as in the case of the dibenzoate, this compound separated from 
ethyl acetate—alcohol in tufts of prismatic needles (30 g.), m. p. 151—152° (Found: C, 65-0; 
H, 5-1. C,gH,,O, requires C, 65-0; H, 5-0%). 

w : 4-Diveratroylresacetophenone.—Resacetophenone diveratrate (15 g.) was dissolved in 
boiling toluene (150 c.c.), and the solution stirred on the steam-bath with potassium carbonate 
(45 g.) for 6 hours. The product (8-5 g.) was isolated in the usual way (see corresponding di- 
benzoyl derivative); after twice crystallising from acetic acid containing a little alcohol, it 
was obtained in fine, yellow, prismatic needles, m. p. 159—160° (Found: C, 64:7; H, 4-9. 
CygH,,O, requires C, 65-0; H, 5-0%). In alcohol it gives a greenish-brown colour with ferric 
chloride. 

7-Hydroxy-3' : 4'-dimethoxyflavone.—A mixture of w : 4-diveratroylresacetophenone (5 g.), 
acetic acid (50 c.c.), and sodium acetate (10 g.) was boiled for 8 hours and poured into water. 
The product was collected, heated with dilute methyl-alcoholic potassium hydroxide for 5 
minutes, diluted, and acidified. 7-Hydroxy-3' : 4'-dimethoxyflavone, crystallised from acetic 
acid—alcohol and then from 50% acetic acid, formed small rhombic plates, m. p. 255° (Found 
in material dried at 150° ina vacuum: C, 68-1; H, 4-7. C,,H,,0,; requires C, 68-4; H, 4-7%). ° 
The solution in alcohol shows a marked blue-violet fluorescence, and develops no colour with 
ferric chloride. The solutions in dilute aqueous sodium hydroxide and concentrated sulphuric 
acid are pale yellow and devoid of fluorescence. 

Gallacetophenone Tribenzoate——To gallacetophenone (16-8 g.; recrystallised from water) 
in dry pyridine (50 c.c.), benzoyl chloride (42-2 g.) was added in portions below 50°. After 
being kept for 24 hours at room temperature, the product was poured into water, and ethereal 
extracts were shaken twice with water, then with dilute hydrochloric acid and again with water, 
dried, and distilled. The thick oily product slowly solidified when rubbed with alcohol and 
ligroin (b. p. 80—100°) and was finally washed with cold alcohol (yield, 37 g.); m. p. 116—117°. 
It slowly separated from warm methyl alcohol in compact nodular growths, m. p. 118—119° 
(Found: C, 72-3; H, 4-3. Cy .HO, requires C, 72-5; H, 42%). 

w : 3: 4-Tribenzoylgallacetophenone.—Gallacetophenone tribenzoate (40 g.), toluene (400 
c.c.), and potassium carbonate (120 g.) were stirred on the steam-bath for 6 hours. The yellow 
solid was collected, washed with benzene, dried, stirred into water, and again collected. After 
boiling with acetic acid—alcohol and cooling, a yellow crystalline powder (18 g.) was obtained. 
The compound separated from acetic acid in small yellow prisms, m. p. 193—194° (Found : 
C, 72-2; H, 4:3. C,,H.O, requires C, 72-5; H, 4:-2%). Its solution in alcohol gave a reddish- 
brown colour with ferric chloride, and it dissolved in warm aqueous sodium hydroxide with a 
yellow colour. 

7 : 8-Dihydroxyflavone.—w : 3 : 4-Tribenzoylgallacetophenone (5 g.), acetic acid (50 c.c.), 
and sodium acetate (10 g.) were boiled for 6 hours. The product obtained by dilution with 
water was heated for 5 minutes with dilute methyl-alcoholic potassium hydroxide, diluted, 
acidified with acetic acid, again collected, and crystallised twice from alcohol (charcoal) (yield, 
60%). It formed pale yellow, rhombic prisms or plates, m. p. 243° (varies with rate of heating). 
Its solutions in dilute aqueous sodium hydroxide and concentrated sulphuric acid exhibited no 
fluorescence (compare Venkataraman, J., 1929, 2221). The diacetyl derivative formed needles 
from alcohol, m. p. 198°. 

Cinnamoylation of Resacetophenone.—This was done in the same way as the benzoylation 
of resacetophenone (method B), toluene (100 c.c.) and cinnamoyl chloride (33-3 g.; 2 mols.) 
being used, and the mixture heated for 8 hours. The solids were treated in the usual way and 
recrystallised from acetic acid. The solution deposited flocculent matter, and after filtration 
was left undisturbed for 24 hours; compact yellow crystals (A ; 3-1 g.) then separated, the filtrate 
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subsequently depositing minute yellow crystals (B; 4-2 g.). (A), twice crystallised from 
acetic acid, had m. p. 216—217° (Found: C, 79-7; H, 4:7. C,gH,,O,4 requires C, 79-2; 7 
4-6%). Inconcentrated sulphuric acid the solution is bright orange but quickly fades to yellow, 
and it possesses a faint green fluorescence (magnesium light). The substance is very sparingly 
soluble in alcohol and the solution gives no coloration with ferric chloride; it is insoluble i. 
aqueous sodium hydroxide. There can be little doubt that it is 7-cinnamoyloxy-2-styrylchromone. 
Compound (B) was twice crystallised from acetic acid and formed small yellow prisms, m. p. 
131° (Found: C, 72-0; H, 5-0. C,,H,,O, requires C, 72-3; H, 5-0%). In alcohol it gives a 
dull-red colour with ferric chloride, and it is soluble in alkaline solutions only on heating, and 
the substance is therefore 4-O-cinnamoylresacetophenone. The original toluene filtrate and 
washings deposited crystals (7 g.), from which pure (A) (2-7 g.) and (B) (0-5 g.) were isolated. 

2: 4-Dihydroxyphenyl Benzyl Ketone.—The following method is suitable for preparing the 
compound in quantity (compare Chapman and Stephen, J., 1923, 123, 404). Resorcinol (100 
g.) and phenylacetonitrile (100 g.) in dry ether (400 c.c.) were saturated with hydrogen chloride 
at room temperature in presence of powdered anhydrous zinc chloride (20 g.). After 2 days, 
ether (400 c.c.) was added, and then decanted from the ketimine hydrochloride, which was 
heated with water for 2 hours. The ketone, extracted with chloroform, was transferred to 
dilute sodium hydroxide solution, and precipitated by hydrochloric acid (yield, 120 g.). Re- 
crystallisation from benzene gave the almost pure ketone (100 g.). 

2-Hydroxy-4-benzoyloxyphenyl benzyl ketone, prepared from the preceding ketone, benzoyl 
chloride (1 mol.), and excess of dilute aqueous sodium hydroxide and recrystallised from acetic 
acid and then from alcohol, formed flat prisms, m. p. 121—122° (Found: C, 75-6; H, 5-0. 
C,,H,,O, requires C, 75-9; H, 4:9%). The position of the benzoyl group is inferred from the 
facts that the substance gives a cherry-red colour with ferric chloride in alcohol and dissolves 
in dilute aqueous sodium hydroxide only on heating. 

7-Hydroxy-2 : 3-diphenylchromone.—2 : 4-Dihydroxypheny] benzyl ketone (11-4 g.), toluene 
(200 c.c.), potassium carbonate (40 g.), and benzoyl chloride (14 g.; 2 mols.) were stirred for 
8 hours on the steam-bath. The solids were collected, washed with benzene and water in the 
usual way, and crystallised from a small quantity of alcohol (charcoal); 7-hydroxy-2 : 3-di- 
phenylchromone was identified as its acetyl derivative, m. p. and mixed m. p. 208—209°. If 
water is added after the benzoylation, the aqueous layer yields 2-hydroxy-4-benzoyloxybenzoic 
acid on acidification—minute needles from benzene, m. p. 190—191° (Found : C, 64-8; H, 3-8. 
Calc. for C,gH,O,;: C, 65-1; H, 3-9%) (Bergmann and Dangschat, Ber., 1919, 52, 382, record 
m. p. 193—194°); the benzene layer yields 2-hydroxy-4-benzoyloxyphenyl benzyl ketone 
(4-5 g.). 

7-Benzoyloxy-3-benzoylfiavone.—(A) A finely powdered mixture of resacetophenone (10 g.), 
benzoic anhydride (60 g.), and sodium benzoate (12 g.) was heated for 8 hours at 200°. The 
sticky product was ground to a paste with sodium carbonate and ice, collected after the addition 
of a large volume of ice-cold water, and dissolved in hot alcohol (100 c.c.). After 12 hours, 
solid (12-2 g.) separated which, recrystallised from alcohol—benzene (3:1), formed faintly 
yellow, prismatic needles, m. p. 167° (Found: C, 78-2; H, 4:3. C,,H,,O,; requires C, 78-0; 
H, 4:1%). The alcoholic mother-liquors were concentrated and yielded 7-benzoyloxyflavone 
(4-5 g.). (B) w:4-Dibenzoylresacetophenone (2 g.) was heated with benzoic anhydride (12 g.) 
and sodium benzoate (2-5 g.) for 8 hours at 200°, and the product isolated exactly as under 
(A), 7-benzoyloxy-3-benzoylflavone (1-2 g.) being isolated from the first crystallisation. 
7-Benzoyloxy-3-benzoylflavone dissolves in concentrated sulphuric acid to a pale yellow solution 
devoid of fluorescence (compare 7-benzoyloxy- and 7-hydroxy-flavone, which dissolve to colour- 
less solutions with a powerful blue fluorescence). Hydrolysis (of 2 g.) in alcohol (10 c.c.) with 
potassium hydroxide (2 g.) in water (4 c.c.) for } hour on the steam-bath, dilution (odour of 
acetophenone), and precipitation with carbon dioxide gave 7-hydroxyflavone (0-3 g.). 

2-Propionoacetyl-4-methylphenol (VIII).—p-Tolyl acetate, b. p. 214°, was prepared in 84% 
yield from p-cresol (200 g.), 10% aqueous sodium hydroxide (900 c.c.), ice, and acetic anhydride 
(200 g.) (see Chattaway, J., 1931, 2495), and converted into 2-acetyl-4-methylphenol by the 
method of Auwers and Anschiitz (Ber., 1921, 54, 1553). 2-Acetyl-4-methylphenol (20 g.) was 
added to powdered sodium (8 g.) and redistilled ethyl propionate (60 c.c.; b. p. 98-5—100°) 
and when the vigorous reaction had ceased the mixture was heated on the steam-bath for } hour. 
The product was shaken with crushed ice (100 g.) and the yellow sodium salt was collected, 
washed with ice-cold water, then ether, and decomposed by treatment with acetic acid (25 
c.c.). Addition of water caused the separation of 2-propionoacetyl-4-methylphenol as an oil 
which rapidly solidified (15-6 g.). It separated from light petroleum (b. p. 80—100°) in colour- 











0 ~-_—= 


a> 


a =~ 7 S@ BRS RRO SH SOO 


~~ * 45 = st eS et 


aan Ae ae 


as 




















3-Carbethoxy-4-hydroxy-1-nitrophenylpyrazoles. 1389 


less, thick, rectangular prisms, m. p. 75—76° (Found: C, 70-1; H, 6-7. C,,H,,O, requires 
It 69-9; H, 68%). Its alcoholic solution gives a deep brownish-red coloration with ferric 
chloride. 

6-Methyl-2-ethylchromone.—2-Propionoacetyl-4-methylphenol (2 g.) was boiled for 2 minutes 
With acetic acid (10 c.c.) and a few drops of concentrated hydrochloric acid, and poured into 
ice-water. The solid crystallised from light petroleum (b. p. 40—60°) in long flat prisms, m. p. 
51° (Found: C, 76-6; H, 6-3. C,,H,,O, requires C, 76-6; H, 64%). Its solution in con- 
centrated sulphuric acid is colourless and exhibits a weak blue fluorescence. 

2-Acetoacetyl-4-methylphenol (V).—Prepared from 2-acetyl-4-methylphenol (20 g.) and 
ethyl acetate (110 c.c.; alcohol-free) in the manner described above for 2-propionoacetyl-4- 
methylphenol (yield, 16-5 g.), this compound separated from light petroleum (b. p. 60—80°) 
in compact prisms, m. p. 99° (Wittig, Ber., 1924, 57, 88, records m. p. 94-5—96°) (Found: C, 
68-8; H, 6:3. Calc. for C,,H,,0,: C, 68-8; H, 63%). It gives a dark brownish-red colour 
with alcoholic ferric chloride, and in concentrated sulphuric acid it gives a colourless solution 
with a rather weak blue fluorescence. 

2 : 6-Dimethylchromone, prepared from 2-acetoacetyl-4-methylphenol as described in the 
case of 6-methyl-2-ethylchromone, separated from light petroleum (b. p. 60—80°) in long 
colourless prisms, m. p. 103° (Wittig records m. p. 99-5—100°) (Found: C, 76-0; H, 5-9. Calc. 
for C,,H,)O,: C, 75-8; H, 5-7%). 

3-Propionyl-2 : 6-dimethylchromone (V1).—(A) 2-Propionoacetyl-4-methylphenol (5 g.) was 
boiled for 5 minutes with acetic anhydride (20 c.c.) and sodium acetate (5 g.), and then shaken 
with water. An ethereal extract was shaken with aqueous sodium hydroxide and dried; the 
residue after evaporation of the ether solidified and then crystallised from light petroleum 
(b. p. 40—60°) in long colourless needles (1-6 g.), m. p. 82° (Found: C, 72-9; H, 6-4. Calc. 
for C,,H,,0O,: C, 73-1; H, 6-1%). (B) 2-Acetoacetyl-4-methylphenol (8 g.) was boiled for 
2 minutes with propionic anhydride (16 g.) and sodium propionate (8 g.), and the product 
worked up as described by Wittig (Annalen, 1925, 446, 203). 2: 6-Dimethylchromone (0-75 
g.) was isolated as its hydrochloride and also pure 3-propionyl-2 : 6-dimethylchromone (2-1 g.), 
m. p. and mixed m. p. with specimen prepared as under (A), 81—82° (Found: C, 73-2; H, 
6-3%). 

Hydrolysis. (A) 3-Propionyl-2 : 6-dimethylchromone (0-5 g.) was boiled for an hour with 
2N-sodium carbonate (15 c.c.) and alcohol (5c.c.). After dilution, ether extracted an oil which 
partly crystallised; by crystallisation from light petroleum 2: 6-dimethylchromone (0-1 g.), 
m. p. and mixed m. p. (with product prepared by direct closure of 2-acetoacetyl-4-methyl- 
phenol) 103°, was isolated. If the alcohol is omitted, p-cresitonic acid (below) may be isolated 
after the ether extraction, but scarcely any 2 : 6-dimethylchromone is produced. (B) Hydrolysis 
of both 3-propionyl-2 : 6-dimethylchromone and 2: 6-dimethylchromone with 2N-sodium 
hydroxide for 1 hour yields p-cresitonic acid, m. p. 152° (Found: C, 62-9; H, 5-5. Calc. for 
C,H,O,: C, 63-2; H, 5-2%). 
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323. The Action of Chlorine upon the 3-Carbethoxy-4-hydroxy-1-nitro- 
phenylpyrazoles. 


By F. D. Cuattaway and D. R. ASHWoRTH. 


CHLORINE, when passed into an acetic acid or chloroform solution of any one of the 
3-carbethoxy-4-hydroxy-l-nitrophenylpyrazoles (I), converts it into the corresponding 
5 : 5-dichloro-3-carbethoxy-1-nitrophenyl-4-pyrazolone (II). The reaction is a general one 
and takes place with all the 4-hydroxy-1-nitrophenyl- and the 4-hydroxy-1-monohalogeno- 
nitrophenyl-3-carbethoxypyrazoles. 

It is probable that a 5-chloro-derivative (III) of the 4-hydroxy-pyrazole is first formed, 
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the equilibrium between the enolic and the keto-form of this being continually disturbed 
as the latter is further substituted. 

Both the 5-bromo- and the 5-chloro-3-carbethoxy-4-hydroxy-1-nitrophenylpyrazoles 
similarly yield the corresponding 5: 5-dichloropyrazolones, the bromine in the former 
being replaced by chlorine. 

In the case of 3-carbethoxy-4-hydroxy-1-(2’ : 6’-dichloro-4’-nitrophenyl)pyrazole the 
action does not go beyond the first stage, 5-chloro-3-carbethoxy-4-hydroxy-1-(2' : 6’-dichloro- 
4’-nitrophenyl)pyrazole being the final product. 

The 5 : 5-dichloro-3-carbethoxy-1-nitrophenyl-4-pyrazolones (II) are well-crystallised, 
comparatively stable compounds. They all react with hydriodic acid in acetic acid solu- 
tion, iodine being liberated, and 5-chloro-3-carbethoxy-4-hydroxy-1-nitrophenylpyrazoles 
(III), all of which yield well-crystallised acetyl derivatives, re-formed. 

The pyrazole ring in the dichloro-compounds (II) readily opens when they are boiled 
with alcohol, or dissolved in cold dilute alkali: e.g., the 1-p-nitrophenyl compound (II) in 
boiling alcohol gives ethyl diketosuccinate-p-nitrophenylhydrazone (IV), identical with the 
compound obtained by coupling f-nitrophenyldiazonium chloride with ethyl oxalacetate ; 
while with cold dilute alkali and subsequent acidification l-ethyl 2-hydrogen diketosuccinate- 
1-p-nitrophenylhydrazone (V) is obtained, which is readily esterified by cold alcoholic 
hydrogen chloride to give the same well-crystallised stable diethyl ester (IV). 


COENHR — CN — to ENHR — oe 

. ” R . « 2 

CO-CO,H occ, CO-CO,Et CO-CO,Et 
(V.) (II.) (IV.) 


These two reactions are quite general; methyl, propyl, and benzyl alcohols react 
similarly and give mixed esters. 

The dialkyl diketosuccinatemononitrophenylhydrazones (IV) react in an interesting 
way with halogens, the CO-CO,Alk group being replaced by a halogen atom; ¢.g., when 
bromine acts upon ethyl diketosuccinate-f-nitrophenylhydrazone in acetic acid containing 
sodium acetate, ethyl «-bromoglyoxylate-p-nitrophenylhydrazone (VI) is formed. The 
action of chlorine is similar but more vigorous, for besides replacing the CO-CO,Et group, 
it enters the nucleus in an ortho-position, ethyl «-chloroglyoxylate-2-chloro-4-nitrophenyl- 
hydrazone (VII) being produced. 

Cl CO-CO,Et Br 
(2)C1(4)NO,°C,H,-NH-N-C <— (¢:N:NH-C,H,NO, —> (p)NO,-CgHyNH-N:C 
CO,Et CO,Et CO,Et 
(VII.) (VI.) 

The carbonyl group in the dialkyl diketosuccinatemononitrophenylhydrazones is very 
reactive and condenses readily with arylhydrazines and with hydroxylamine: e¢.g., when 
ethyl diketosuccinate-p-nitrophenylhydrazone (IV) is treated with £-nitrophenylhydrazine, 
an osazone (VIII) is formed; this in boiling pyridine loses alcohol to form ethyl 4 : 5-diketo- 
1-(4'-nitrophenyl)pyrazolone-3-carboxylate-4-(4''-nitrophenylhydrazone) (IX), identical with 
that obtained from dihydroxytartaric acid and #-nitrophenylhydrazine, with subsequent 
ring closure and esterification (compare Chattaway and Humphrey, J., 1927, 2794) : 


CO,Et CO,Et CO,H C¢O,H 
-N-NHR —N -N-NHR (OH) 
Iv) —> ¢ —> "sar «— f <— [(OH): + oH. 
(IVY) —> GN-NHR — > (-co7 C:N-NHR *— C(OH), 1 U2 NBE 
CO,Et N-NHR CO,H CO,H 
(VIII.) (IX.) 

With hydroxylamine, ethyl diketosuccinate-oximino-p-nitrophenylhydrazone (X) is formed, 
which on heating with sodium acetate in acetic acid solution readily loses alcohol, ring 
closure takes place, and 3-carbethoxy-4-ketoisooxazolone-4-p-nitrophenylhydrazone (XI) is 
formed ; 
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EtO,C-C:N-NHR =¢-CO,Et 
(IV) EtO,C-C:NOH O<C6-t: ‘N-NHR 
(X.) (XI) 


1-Ethyl 2-hydrogen diketosuccinate-1-f-nitrophenylhydrazone (V) is a well-crystalline 
stable substance. When heated with acetic anhydride, it loses water, and ring closure 
follows, with the formation of 3-carbethoxy-4 : 5-diketo-1-p-nitrophenylpyrazolone (XII), 
which on addition of water to the acetic acid solution separates as the colourless mono- 
hydrate (XIII) (compare Sachs and Borschall, Ber., 1902, 35, 1437) : 


Et0,C-¢-N‘NHR __, Et0,C-C—=Nyyp__, i a Et0,C-C—=N 


CO-CO,H CO-CO Fay C-CO 
(XII.) HO NOH 
(XIII.) (XIV.) 


The molecule of water in this hydrate is firmly held, and is only removed very slowly 
in a vacuum over phosphoric oxide. The anhydrous form is a highly coloured, reddish 
solid, which cannot be crystallised in a pure state, even from an anhydrous solvent, owing 
to the ease with which it takes up water, from the air, to re-form the colourless hydrate. 

The 4-keto-group in (XII) is very reactive and condenses readily with p-nitrophenyl- 
hydrazine, yielding ethyl 4: 5-diketo-1-(4'-nitrophenyl)pyrazolone-3-carboxylate-4-(4'’- 
nitrophenylhydrazone) (IX). It also condenses with hydroxylamine, yielding 4-oximino- 
3-carbethoxy-1-p-nitrophenyl-5-pyrazolone (XIV). 

When 3-carbethoxy-4 : 5-diketo-1-p-nitrophenylpyrazolone (XII) is heated with alcohol 
or water, ethyl diketosuccinate-p-nitrophenylhydrazone (IV) and l-ethyl 2-hydrogen 
diketosuccinate-1-p-nitrophenylhydrazone (V) are respectively obtained. As these are 
the compounds produced when the ring in 5 : 5-dichloro-3-carbethoxy-1-f-nitropheny]l-4- - 
pyrazolone is opened with alcohol and alkali respectively, it seems that in the latter re- 
actions the replacement of the two chlorine atoms by oxygen precedes the opening of the 
ring. 

EXPERIMENTAL. 

5 : 5-Dichloro-3-carbethoxy-1-p-nitrophenyl-4-pyrazolone (II).—2 G. of 3-carbethoxy-4- 
hydroxy-1-p-nitrophenylpyrazole were suspended in 20 c.c. of chloroform, and chlorine rapidly 
passed in. Heat was given out and a clear red solution formed. After evaporation of the 
solvent, the dichloro-compound was crystallised from chloroform-light petroleum, forming 
orange, long, slender, four-sided prisms, m. p. 131° (Found: Cl, 20-6. C,,H,O;N;Cl, requires 
Cl, 20-5%). 

In a similar manner the following have been prepared and crystallised: 5 : 5-dichloro-3- 
carbethoxy-1-(2'-chloro-4'-nitrophenyl)-4-pyrazolone, pale yellow, dense, rectangular prisms, 
m. p. 87° (Found: Cl, 28-0. C,,H,O;N,Cl, requires Cl, 28-0%), and the corresponding 1-o- 
nitrophenyl compound, deep yellow, compact, irregular prisms, m. p. 98° (Found: Cl, 20-6%), 
and 1-m-nitrophenyl compound, yellow, long, slender, flattened, four-sided prisms, m. p. 135° 
(Found : Cl, 20-65%). 

5-Chloro-3-carbethoxy-4-hydroxy-1-p-nitrophenylpyrazole (III).—A solution of 2 g. of 5: 5- 
dichloro-3-carbethoxy-1-p-nitrophenyl-4-pyrazolone in 20 c.c. of warm acetic acid was added 
to one of 2 g. of potassium iodide in 10 c.c. of water and 10 c.c. of acetic acid. Iodine was set 
free at once, and after } hour cautious addition of water precipitated 5-chloro-3-carbethoxy-4- 
hydroxy-1-p-nitrophenylpyrazole, which crystallised from alcohol in colourless, long, compact, 
four-sided prisms, m. p. 146° (Found: Cl, 11-6. C,,H,O;N,Cl requires Cl, 11-3%). Its acetyl 
derivative, made by warming it with acetic anhydride containing a drop of sulphuric acid, 
crystallised from alcohol in colourless, long, slender prisms, m. p. 121-5° (Found: Cl, 10-2. 
C,,H,,0,N,Cl requires Cl, 10-0%). 

In a similar manner the following have been prepared: 5-chloro-3-carbethoxy-4-hydroxy-1- 
(2’-chloro-4'-nitrophenyl)pyvazole, colourless, long, slender needles from alcohol, m. p. 191° 
(Found : Cl, 20-45. C,,H,O,N;Cl, requires Cl, 20-5%), and the corresponding 1-o-nitrophenyl 
compound, colourless, long, slender, four-sided prisms from benzene, m. p. 142° (Found: Cl, 
11-6%), and 1l-m-nitrophenyl compound, colourless, irregular, compact prisms from alcohol, 
m. p. 109° (Found: Cl, 11-5%). 
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Ethyl Diketosuccinate-p-nitrophenylhydrazone (IV).—(I) 2 G. of 5: 5-dichloro-3-carbethoxy- 
1-p-nitrophenyl-4-pyrazolone were heated for a few minutes with 15 c.c. of ethyl alcohol. 
Hydrogen chloride was evolved and ethyl diketosuccinate-p-nitrophenylhydrazone separated. 
It crystallised from alcohol in pale yellow, long, flattened, obliquely truncated, four-sided 
prisms, m. p. 125° (Found: C, 50-1; H, 4:2; N, 12-5. C,,sH,,0O,N, requires C, 49-8; H, 4-4; 
N, 12-5%). 

(II) 3 G. of p-nitroaniline (1 mol.) were diazotised with 1-5 g. of sodium nitrite (1 mol.) in 
20 c.c. of concentrated hydrochloric acid, and the filtered solution slowly run into a well-stirred 
cooled mixture of 5 g. of ethyl oxalacetate (1 mol. + excess) and 30 g. of sodium acetate 
in 200 c.c. of water. The pasty yellow solid obtained, after crystallisation from alcohol, was 
identical with the above compound. 

In a similar manner to (I) above the following have been prepared by using the appropriate 
alcohol and 65: 5-dichloro-4-pyrazolone: 1-ethyl 2-methyl diketosuccinate-1-p-nitrophenyl- 
hydrazone, deep yellow, long, fiattened prisms, with domed ends, from alcohol, m. p. 138° (Found : 
N, 12-9. C,,;H,,0,N, requires N, 13-0%); 1-ethyl 2-n-propyl diketosuccinate-1-p-nitrophenyl- 
hydrazone, pale yellow, long, slender, flattened prisms from alcohol-light petroleum, m. p. 92° 
(Found: N, 12-1. C,;H,,O,N, requires N, 12:0%); 1l-ethyl 2-benzyl diketosuccinate-1-p- 
nitrophenylhydrazone, pale yellow, long, slender prisms from alcohol, m. p. 147° (Found: N, 
10-7. C,gH,,O,N, requires N, 10-5%); 1-ethyl 2-methyl diketosuccinate-1-(2'-chloro-4'-nitro- 
phenylhydrazone), yellow, flattened, irregular prisms from alcohol, m. p. 115° (Found: Cl, 9-9. 
C,3H,,0,N,Cl requires Cl, 9-9%); 1-ethyl 2-methyl diketosuccinate-1-(2'-bromo-4'-nitrophenyl- 
hydrazone), yellow, very slender prisms from alcohol, m. p. 126° (Found: Br, 19-6. C,;H,,O,N,Br 
requires Br, 19-9%); l-ethyl 2-methyl diketosuccinate-1-o-nitrophenylhydrazone, yellow, long, 
somewhat flattened prisms from alcohol, m. p. 116° (Found: N, 13-1%); ethyl diketosuccinate- 
m-nitrophenylhydrazone, yellow, compact prisms from alcohol, m. p. 84° (Found: N, 12-4%); 
l-ethyl 2-methyl diketosuccinate-1-m-nitrophenylhydrazone, pale yellow, long, slender, flattened, 
four-sided prisms from alcohol, m. p. 105° (Found: N, 13-1%). 

Action of Chlorine upon 3-Carbethoxy-4-hydroxy-1-(2' : 6’-dichloro-4'-nitrophenyl)pyrazole.— 
Chlorine was passed for 10 minutes through a solution of 1 g. of the pyrazole in 25 c.c. of chloro- 
form. 5-Chlovo-3-carbethoxy-4-hydroxy-1-(2’ : 6'-dichloro-4'-nitrophenyl)pyrazole, obtained by 
evaporating the solvent on a water-bath, crystallised from alcohol in colourless irregular plates, 
m. p. 200° (Found: Cl, 27-8. C,,H,O;N,Cl, requires Cl, 28-0%). 

Ethyl Diketosuccinate-p-nitrophenylosazone (VIII).—2 G. of ethyl diketosuccinate-p-nitro- 
phenylhydrazone were dissolved in boiling alcohol, and 1 g. of p-nitrophenylhydrazine added. 
The osazone, which separated, crystallised from alcohol in clusters of yellow, hair-like needles, 
m,. p. 190° (Found: N, 17-55. C,H »O,N, requires N, 17-8%). 

When the osazone (1 g.) was heated with 10 c.c. of pyridine, a clear solution was first formed. 
Ethyl 4: 5-diketo-1-(4'-nitrophenyl)pyrazolone-3-carboxylate-4-(4''-nitrophenylhydvazone), which 
separated on further heating, crystallised from pyridine in clusters of deep yellow, hair-like 
needles, m. p. 257° (decomp.) (Found: N, 19-55. C,,H,,0O,N, requires N, 19-7%). This 
compound (1) separated gradually when 2-2 g. of sodium dihydroxytartrate (1 mol.) were added 
to 75 c.c. of alcohol saturated with hydrogen chloride and containing 2-4 g. of p-nitrophenyl- 
hydrazine (2 mols.) and the whole was heated in a sealed tube at 100° for 24 hours, (2) separated 
almost immediately when 1 g. of l-ethyl 2-hydrogen diketosuccinate-p-nitrophenylhydrazone, 
dissolved in 10 c.c. of alcohol, was added to a boiling alcoholic solution of 0-5 g. of p-nitrophenyl- 
hydrazine containing 1 g. of anhydrous sodium acetate, and (3) separated at once when 0-25 g. 
of p-nitrophenylhydrazine and 0-5 g. of anhydrous sodium acetate were added to a boiling 
solution of 0-5 g. of 3-carbethoxy-4 : 5-diketo-1-p-nitrophenylpyrazolone hydrate in 10 c.c. of 
acetic acid. 

Ethyl Diketosuccinate-oximino-p-nitrophenylhydrazone (X).—1 G. of ethyl diketosuccinate- 
p-nitrophenylhydrazone and 0-25 g. of hydroxylamine hydrochloride were heated together in 
20 c.c. of alcohol for 5 minutes. The oximino-derivative, which separated over-night, crystal- 
lised from alcohol in pale yellow, slender prisms, m. p. 163° (decomp.) (Found: N, 16-0. 
C,,H,,O,N, requires N, 15-9%). 

When the oximino-derivative was treated with sodium acetate in acetic acid, 3-carbethoxy-4- 
ketoisooxazolone-4-p-nitrophenylhydrazone (XI) was formed. This compound was also obtained 
when 1 g. of ethyl diketosuccinate-p-nitrophenylhydrazone, 0-25 g. of hydroxylamine, and 
1 g. of fused sodium acetate were heated to 100° in 25 c.c. of acetic acid, and water was added 
to the cooled product. It crystallised from alcohol in yellow, long, slender needles, m. p. 186° 
(decomp.) (Found: N, 18-3. C,,H,O,N, requires N, 18-3%). 
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Action of Bromine and of Chlorine upon Ethyl Diketosuccinate-p-nitrophenylhydrazone.— 
Bromine (0-2 c.c.) was added to a boiling solution of 1 g. of the hydrazone and 1 g. of fused 
sodium acetate in 20 c.c. of acetic acid. On addition of water, ethyl «-bromoglyoxylate-p- 
nitrophenylhydrazone separated ; after crystallisation it was identical with an authentic specimen 
(see Chattaway and Ashworth, this vol., p. 475). 

Ethyl «-chloroglyoxylate-2-chloro-4-nitrophenylhydrazone, similarly obtained after chlorine 
had been passed for 10 minutes through a solution of 1 g. of the hydrazone in 20 c.c. of acetic 
acid, was also identical with an authentic specimen (Chattaway and Ashworth, Joc. cit.). 

Action of Dilute Alkali upon 5 : 5-Dichloro-3-carbethoxy-1-p-nitrophenyl-4-pyrazolone.—2 G. 
of the finely powdered pyrazolone were shaken with 2 g. of sodium hydroxide in 500 c.c. of 
water and after } hour the resulting solution was acidified with dilute hydrochloric acid. 1- 
Ethyl 2-hydrogen diketosuccinate-p-nitrophenylhydrazone, which separated, crystallised from 
benzene in yellow, short, compact prisms, m. p. 141° (Found: N, 13-3. C,,H,,0O,N; requires 
N, 13-6%). 

When the ethyl hydrogen or the diethyl ester (1 g.) was boiled for ? hour with 10 c.c. of 
alcohol and 20 c.c. of concentrated hydrochloric acid, diketosuccinic anhydride p-nitrophenyl- 
hydvazone separated as a spongy mass. It crystallised from acetic acid in orange hair-like 
needles, m. p. 243° (decomp.) (Found: N, 16-1. C,H,;O,N; requires N, 16-0%). 

Action of Acetic Anhydride upon 1-Ethyl 2-Hydrogen Diketosuccinate-p-nitrophenylhydrazone. 
—A solution of 2 g. of the ethyl hydrogen ester in 15 c.c. of acetic anhydride was heated to 
boiling and cooled, and water cautiously added. 3-Carbethoxy-4 : 5-diketo-1-p-nitrophenyl- 
pyrazolone hydrate separated in colourless crystals. Recrystallised from chloroform—light 
petroleum, it formed long, slender, four-sided prisms, m. p. 95—105° (very indefinite) (Found : 
N, 13-3. C,,H,O,N;,H,O requires N, 13-6%). The hydrate lost the molecule of water after 
being kept for a week in a vacuum over phosphoric oxide, and 3-carbethoxy-4 : 5-diketo-1-p- 
nitrophenylpyrazolone remained as a red microcrystalline powder, m. p. 152° (Found : loss, 
6-4. Calc., 5-8%). 

4-Oximino-3-carbethoxy-1-p-nitrophenyl-5-pyrazolone (XIV).—When 2 g. of 3-carbethoxy- 
4: 5-diketo-1-p-nitrophenylpyrazolone hydrate and 0-6 g. of hydroxylamine hydrochloride 
were gently warmed together in 20 c.c. of acetic acid, the oximino-compound separated. It 
crystallised from acetic acid in yellow, small, irregular plates decomposing above 222° (Found : 
N, 18-2. C,,.H,O,N, requires N, 18-3%) 

This compound was also obtained by the action under similar conditions of excess of hydroxyl- 
amine hydrochloride upon 5 : 5-dichloro-3-carbethoxy-1-(p-nitrophenyl)-4-pyrazolone. 


THE QUEEN’S COLLEGE LABORATORY, OXFORD. (Received, August 5th, 1933.] 





324. The Thermal Decomposition of Solids. 
By W. E. Garner, A. S. Gomm, and H. R. HAILeEs. 


SOLID reactions usually commence at nuclei which are formed on the corners, edges, and 
faces of the crystals. From these nuclei the reaction spreads into the surrounding material 
with a velocity of propagation which depends on the arrangement and orientation of the 
molecules in the space lattice. If there be any lack of symmetry, the speed may vary in 
different directions, as was found by Hume and Colvin for the loss of water from potassium 
hydrogen oxalate hemihydrate (Proc. Roy. Soc., 1929, A, 125, 635). In reversible changes, 
such as the decomposition of hydrates, the rate of propagation is retarded as the thickness 
of the decomposition product increases (Smith and Topley, zbid., 1931, A, 134, 224). Con- 
sequently, the rate of growth of a nucleus formed on the surface will be greatest in directions 
parallel to the surface. Thus the rate of growth even in isotropic material will not be the 
same in all directions. This complication will not arise in solid reactions which proceed 
irreversibly. 

The simplest type of solid decomposition will therefore be one which occurs irreversibly 
in isotropic material, for in such a case the reaction would be expected to possess a uniform 
velocity in all directions, and provided that self-heating or -cooling be absent, the rate of 
reaction at any time will be proportional to the total area of the nuclei. In the initial stages 
of the reaction, before the nuclei begin to touch one another, the rate will be proportional 
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to r*, where r represents the root mean square of the radius of the nuclei, and hence, assum- 
ing a linear rate of propagation, proportional to *, where ¢ represents the root mean square 
of the age of the nuclei. Observation of partly decomposed crystals shows that the nuclei 
are variable in size and increase in number with time, so that at any moment ¢ will vary 
between 0 and some upper value. No direct measurements have been made of the rate of 
generation of nuclei in solid decomposition, and information which is obtained indirectly 
from measurements of the rate of reaction is not very conclusive. We know, however, that 
this rate must depend on the total number of potential nuclei and on their respective 
activation energies. The available places for nuclei formation diminish as the reaction 
proceeds, so that it would be expected that the rate of generation would decrease with 
time; although, if both the number of potential nuclei and the activation energy be large, 
it may happen that in favourable cases they will be formed at an approximately constant 
rate. 

Assuming the limiting case where Ny nuclei are produced in unit time, then the rate of 
reaction will be given by 


dp dt = k(12 + 22 + 32 (2) — (28 + 32 +2) 


Thus in the simplest type of change, the plot of log dp/dt against log ¢ should give a curve, 
the tangents to which should approach m = 3 for large values of ¢. For the purposes of 
the following argument we shall consider the equation, dp/dt = kt”, where m in the simplest 
case will vary with the time and attain its maximum value of 3 at infinity. If the speed of 
propagation varies in different directions, the values of m must be modified accordingly. 
In the extreme case for which the propagation is much more rapid in one direction than in 
any other, the rate of reaction becomes proportional to the time, and the maximum value 
of m becomes unity. Further, if Ng decreases as the reaction proceeds, it becomes possible 
for m to be less than 1 and thus over the whole range of possibilities m should range between 
0 and 3. 

In the investigation of solids which decompose with liberation of heat, it has been shown 
that the above values of m may be very largely exceeded. For dehydrated crystals of 
barium azide (Harvey, Trans. Faraday Soc., 1933, 29, 653), m is approximately 10, and for 
mercury fulminate, as shown in the present paper, m may exceed 20. In such cases, 
therefore, it is clear that the assumptions made above are inadequate, because either (a) 
the rate of nucleus formation increases with time, which at present appears unlikely, or 
(b) in the early stages of the reaction, the propagation of the reaction from the nuclei is not 
uniform. Evidence in favour of (b) was obtained by Harvey (loc. cit.), who observed that 
the nuclei of metallic barium formed in crystals of barium azide were very irregular in shape. 
It thus appears that (b) is a probable cause of the deviations from the simple laws outlined 
above.* 

In all the cases yet investigated, the acceleration of the reaction which occurs in the 
decomposition of solids obeys the equations, 


(1) loge dp/dt = k,t + const. 
(2) loge p = k,t + const. 


in which k, and ky have the same numerical value. These equations hold for bari::m azide 
(Harvey, Joc. cit.) and for lead azide, mercury fulminate, and lead styphnate (present 
communication). This behaviour is of interest in connection with the abnormal values of 
m given by the equation dp/di = ki". 

Equation (1) is that which applies to a reaction which follows a branching mechanism. 
Now it is known that the above decompositions do not follow a chain mechanism in the 
molecular sense, for interruption of the reaction for a time does not affect the reaction rate 
(Garner and Hailes, Proc. Roy. Soc., 1933, A, 139, 576; Farmer, J., 1922, 121, 174). The 


* It was shown in an earlier paper on mercury fulminate that self-heating of the crystal produces 
only second-order effects (Garner and Hailes, Proc. Roy. Soc., 1933, A, 189, 576), and therefore it follows 
that the anomaly cannot be due to this cause. 
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branching must therefore be concerned with the structure of the solid and be of such a 
nature as to be unaffected by cooling and subsequent reheating. It must also account for 
the non-uniform spread of the reaction throughout the crystal. A physical reason for 
non-uniform growth is to be found in lack of homogeneity of solids. Crystals possess a 
mosaic structure (Zwicky, Proc. Nat. Acad. Sci., 1929, 15, 253; Smekal, Phystkal. Z., 
1925, 26, 707; Z. Physik, 1927, 45, 871), the components of the mosaic not possessing 
exactly the same alignment of the crystal axes. In the case of dehydrated solids, which 
are probably built up of a network of individual crystallites, the lack of continuity is 
particularly marked. If the progress of the reaction be checked at the boundaries forming 
the mosaic or at thesurfaces of the individual crystallites, a non-uniform growth of the nuclei 
may be expected. In the extreme case, a reaction started by a nucleus may cease entirely 
when one crystallite has been consumed, in which case the reaction will follow a first-order 
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law (Hume and Colvin, Phil. Mag., 1929, 8, 589). The reaction may, however, find suitable 
bridges whereby it can cross into a neighbouring crystallite. Provided the bridges be not 
too numerous, the propagation will partake of the nature of a chain mechanism (see later). 

In the following discussion, experimental data, previously obtained, have been re- 
examined in order to throw light on these problems. 

a-Lead Azide—In an investigation into the thermal decomposition of lead azide 
(Garner and Gomm, J., 1931, 2123), crystals were heated in a hard vacuum, and the rate 
of liberation of nitrogen was measured. It was found that the decomposition commences 
on the surface and spreads inwards. On fracture, a partially decomposed crystal, 4 mg. in 
weight, shows a white core, the surfaces of which run parallel to the original crystalline faces. 
It was the object of this investigation to determine the critical increment of the reaction and 
in a few cases only was the reaction followed from the beginning to the end. In the results 
with single crystals, 2—4 mg. in weight, at 270°, the induction period was almost negligible 
and equations (1) and (2) could not be applied. For crystals of this size, the acceleration 
of the reaction rate is limited to the very early stages of the reaction. For smaller crystals, 
0-025 cm, long and 0-0025 cm. wide, at 240°, pressure-time curves were obtained which 
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show a definite induction period, during which equations (1) and (2) hold. A pressure- 
time curve for the smaller crystals is shown in the figure, together with the plot of logy.) dp /dt 
against time. It will be observed from the figure that equation (1) holds up to the time of 
half decomposition, and in this respect, «-lead azide is similar to ground fulminate and lead 
styphnate. In Table I are given the coefficients k, and k,, together with the values of n 
and m in the equations dp/dt = kp" and dp/dt = ki”. The values of m verify equation (2). 
It will be seen that m lies between 1 and 3, which is in accord with the theory of uniform 
growth of the centres. The significance of this agreement can, however, only be under- 
stood when the results obtained with other solids are taken into account. 


TABLE I. 


Rk. hy. n. m. 
0°35 0°34 0°91 4 (average) 


11 
0°21 0°19 0°97 1:38—2°67 


Similar data were obtained for much smaller crystals of azide, but owing to the character 
of the induction period, the experimental error in the above constants was appreciably 
larger. 

Mercury Fulminate.—Crystals of mercury fulminate go brown on heating and no reaction 
centres are visible under the microscope. The crystal is coloured throughout by the time 
it is one-fifth decomposed. The reaction is probably initiated along the internal surfaces 
separating the units of the mosaic structure (Garner and Hailes, loc. cit.). A very marked 
induction period is observed, after which an acceleration occurs which obeys equation (1). 
The rate of reaction during the period of acceleration, in a single crystal 2—4 mg. in weight, 
varies approximately as the tenth to the twentieth power of the time (Table II), which 
indicates a non-uniform growth of the reaction centres. Since equation (1) holds, it would 
appear that the non-uniform growth is due to a branching mechanism, which may be that 
of the transference of the reaction from one crystallite to another at certain points along 
their boundaries, although the explanation given previously (Garner and Hailes, loc. cit.) 
is not ruled out. 

TABLE II. 
Batch No, Temp. Ry. ky. 

100° 0°017 0°023 

105 0°032 0°028 

110 0°055 0°055 

100 0-022 0°025 

105 0°054 0°045 

109 0:076 0-074 

110 0-080 0-064 

Vv 105 0°038 0-041 

108 0-061 0071 

II 105 0-023 0-030 

IV. Crushed crystals 105 0:010 0-012 
IV. Ground crystals 105 0-042 0-054 


IV. Crushed crystals in hydrogen ... 105 0:012 0-014 
IV. Ground crystals in hydrogen ... 105 0:035 0°024 1°33 


* The plot of log dp/dt against ¢ is slightly curved; the values of m given are average values. 


Average values of k,, k,, and m are given in Table II; ” in these experiments is approxim- 
ately unity. It will be observed that k, and k, are practically identical. Where divergencies 
occur, these are in the main due to inaccuracies in k,. These constants and m vary some- 
what from one batch of crystals to another. Grinding and crushing the crystals do not 
markedly change the values of k, and k,, the greatest effect being produced on crushing the 
crystal, the constants then being reduced to about one-quarter of their original value. 
m, on the other hand, is reduced from 14—20 to between 2 and 3, that is, to the limits 
expected for uniform spreading. 

On grinding and crushing the crystals, there is a large increase in the rate of formation 
of nuclei (10* to 10! times) and hence the reaction becomes measurable much earlier than 
in the case for a single crystal of the same weight. For a ground crystal, at 105°, the 
acceleration is evident within a few minutes, whereas for a whole crystal it becomes appreci- 
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able only after 350 minutes. Thus the value of m for crushed and ground crystals refers 
to a much earlier stage in the growth of the nuclei, that is, when the nuclei are very small. 
Large values of m are observed only when the nuclei have been growing for a long time. 
Therefore in the case of crystals of fulminate, m increases rapidly with ¢, in fact, much more 
rapidly than would be expected from the theory of uniform spreading. 

The results obtained for fulminate are therefore consistent with the view that the 
centres of decomposition spread in a non-uniform manner. 

Barium Azide.—Dehydrated crystals of BaN,,H,O were employed, so that there was a 
large internal surface on which centres of reaction could form. Consequently, nuclei of 
metallic barium were found both on the surface and in the interior of the crystals. These 
nuclei were irregular in shape. The initial stages of the reaction obey equations (1) and (2), 
and m is of the order 10 (Harvey, Joc. cit.). The reaction occurs according to a branching 
mechanism and spreads from the nuclei in a non-uniform manner. 

Lead Styphnate.—These were dehydrated crystals of CgH(NO,),(OH),,PbO and hence 
possessed a large internal surface. No nuclei could be observed under the microscope, but 
it is very probable that reaction occurs throughout the mass as for barium azide. Values 
of ky, kg, and m are givenin Table III. is approximately unity. 

The agreement between k, and fy is, on the whole, fairly good, but in some cases the 
slowness with which the water of crystallisation is removed from the salt renders these 
constants less accurate than is desirable. m is of the same order as that for crushed crystals 


of fulminate. 


TABLE III. 
Lead Styphnate. 

Temp. k,. he. m. Temp. ky. Rg. m. 
225-0° 0°020 0:039 0°88 243°5° 0°237 0:278 3°15 
231-5 0-083 0°094 2°38 246-0 0:290 0°253 1°65 
232°5 0-076 0°087 2°95 246°5 0°223 0-198 2-62 
235-0 0-124 0-117 —_ 248-0 0°352 0°347 3-00 
238-0 0-216 0°184 — 250°0 0°439 0°347 4°43 
241°5 0°242 0°246 2°44 

CONCLUSIONS. 


The decomposition of the solids which have been investigated commences at nuclei 
which are formed either on the external or the internal surfaces of a crystal. It is sug- 
gested that the reaction spreads uniformly from these nuclei only within the individual 
grains composing the crystal, and that it is retarded at bounding surfaces. It spreads 
from grain to grain only at a few points on the boundaries, so that the outward growth from 
the centre is not uniform. Consequently, the rate of reaction in its early stages is governed 
by a branching mechanism, which can be formulated as follows. If Ng be the number of 
nuclei formed per minute, and N be the number of crystallites attacked at a time #, then 
the rate at which new crystallites are attacked is given by 


dN = (Ny + AN)dt, 


where k is the probability of the reaction passing from one grain to another. On integration 


is obtained 
loge Ni = kit + No/k 


and since dp/dt is proportional to N:, 
(1) loge dp/dt = k,t + const., 


which is the equation which holds for the solid reactions studied. 

The range over which equation (1) holds varies very much from one reaction to another. 
There are two principal causes operating in restricting its applicability. It must break 
down when the nuclei begin to touch one another, which cause is probably operating for 
small crystals of lead azide, for lead styphnate, and ground fulminate, where the equation 
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holds up to the time of half decomposition. It should also break down when the nuclei 
have grown to a certain limiting size, for ultimately the nuclei will become approximately 
spherical in shape and the rate of reaction becomes proportional to the surface area. This 
is probably the cause of the breakdown in the cases of whole crystals of fulminate and 
barium azide where the equation holds only up to 1/10 to 1/5 of the total decomposition. 
From the results with fulminate (Garner and Hailes, Joc. cit., Fig. 5, p. 585) it is seen that 
the equation is obeyed at 105° for 450 minutes. By this time, the simple branching 
mechanism ceases to hold, on account of interference between the “ chains.’ This stage 
is never reached for ground fulminate, where the number of nuclei is very large; the 
nuclei begin to touch before equation (1) ceases to apply to the branching mechanism. 

The rate of reaction varies with the time to a power which lies between the limits 1 to 
25. The value of this power varies with the substance studied and the size and age of the 
nuclei. It is at a maximum when the nuclei have reached a certain size. 

It was observed previously that the final stages of the solid reactions obeyed the first- 
order law. According to the above hypothesis, towards the end of the reaction there will 
remain unchanged crystallites which have taken no part in the branching mechanism. 
Their decomposition ensues when new nuclei are formed on their surfaces. The probability 
of nuclear formation will be proportional to the surface area and, if the crystallites be of 
uniform size, proportional to their mass, which is the relationship which is found. 


SUMMARY. 


It is suggested that the nuclei formed in the decomposition of lead azide, barium 
azide, lead styphnate, and mercury fulminate do not increase in radius at a uniform 
rate. The non-uniform growth is ascribed to the occurrence of surfaces within the crystal 
boundaries, which check the spread of the reaction, causing the nuclei to grow according to 
a branching mechanism. 


The authors are indebted to Imperial Chemical Industries Ltd. (Nobel Section) for grants. 


THE UNIVERSITY, BRISTOL. [Received, September 7th, 1933.] 





325. The Acceleration of the Decomposition of Solids by the 
Emission from Radium. 


By W. E. GARNER and C. H. Moon. 


THE rate of decomposition of solids is a function of the rates (1) of nuclear formation and 
(2) of the propagation of the reaction outwards from the nuclei. Both of these components 
might be expected to be influenced by external stimuli. The formation of nuclei by 
bombardment of the solid with «-particles, B- and y-radiation, etc., should be possible in 
favourable circumstances, and by the same agencies the rate of propagation might be 
accelerated by the removal of obstructions in the path of the reaction. 

It is well known that both rates are dependent on temperature, so in searching for the 
effects produced by external stimuli the temperature of the solid cannot be ignored. 
Roginski (Physikal. Z. Sowjet Union, 1932, 1, 656) records experiments with nitroglycerine 
[probably at room temperature] in which the explosive was subjected to the action of fast 
electrons. Four to ten molecules were decomposed for each electron, but no marked 
acceleration of the reaction occurred. The nuclei formed did not increase in size at the 
temperature of the experiment, although at higher temperatures the reaction was shown 
to be autocatalytic. In the work now to be described, the effects produced by the emission 
from radium on crystals of barium azide were found to be very dependent on temperature. 
At room temperature, it was not possible to produce nuclei which would grow at higher 
temperatures. No action of the stimulus could be observed unless the temperature of the 
solid was sufficiently high for thermal decomposition to occur. Contrary to expectation, 
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it was found that the main influence of the emission lies not in nuclear formation but in 
an acceleration of the rate of propagation of the reaction through the solid.* 

Barium Azide.—The technique described by Garner and Hailes (Proc. Roy. Soc., 1933, 
A, 189, 576) was used. The barium azide was prepared by Harvey (Trans. Faraday Soc., 
1933, 29, 653) and consisted of dehydrated crystals, 1—2 mg.in weight. The decomposition 
commences to be appreciable in the neighbourhood of 100°, at which temperatures there 
is a long induction period which is followed by an acceleration of the reaction (Harvey, 
loc. cit.). The acceleration obeys the equation log,dp/dt = k,t/2-303 + const., in which 
k, is an acceleration constant which increases rapidly with temperature. When 1 mg. 
of radium, enclosed in a thin glass tube, is placed in close proximity to a crystal of barium 
azide, the acceleration of the rate of decomposition is very marked at 110°, the induction 
period is reduced from 120 to 60 minutes, and , is increased fourfold. 

The nuclei of metallic barium which are formed are very similar in character both for 
the thermal and the accelerated reaction, but in the latter the nuclei present on that face 
of the crystal nearest to the radioactive source are much larger than those on the other 
faces of the crystal. This is an indication that the rate of growth of the nuclei is accelerated 
by the radium. 

The rate curves were analysed on the basis of the theory put forward previously (Garner 
and Hailes, loc. cit.; see also preceding paper). In these papers, the equation log,dp/dt = 
k,t/2-303 + K logyo(No/k) was derived, in which k, is a branching coefficient and N, is 
the number of nuclei formed per minute. The intercepts given by plotting log,dp/dt 
against ¢ should be proportional to log, 3N9/k,, and from the intercept, by adding log, 9, 
a value proportional to log, 3Ny should be obtained (see Table I). 


TABLE I. 
No. of Induction 5 
expt. Temp. period, mins. k,/2°303. K logy9(No/F). K logy No. 
Thermal 
1 110°5° 120 0°0246 — —_ 
2 111°0 120 0°0287 10-96 11-41 
5 111°5 120 0:0265 9°02 11-44 
11 109 145 00218 — — 
12 118 90 0°0404 10°81 11-42 
Average at 110—110° 10-98 1]-42 
Accelerated 
3 110°5 60 — _ — 
4 110°5 55 0-118 10°57 11-64 
6 109°5 65 —_ sis aie 
7 111-0 60 0-123 11-99 11-08 
10 110-0 68 0-091 11-98 13-94 
Average at 110—111° 10-18 11-22 


The experimental values for the thermal reaction agree fairly well with those of Harvey 
(loc. cit.), who finds at 110° an acceleration constant of 0-0262. Under the action of radium 
this is increased four times. The number of nuclei formed per minute, No, is shown by 
the figures in the last column to be little affected. In fact, a slightly higher average value 
is found for the thermal reaction. This is, however, within the error of experiment, which 
is quite large on account of the length of extrapolation which is necessary in deriving the 
intercept. 

In the preceding paper, it has been shown that the nuclei formed in exothermic changes 
do not spread uniformly throughout the solid, especially in the early stages of their growth. 
It was suggested that this is due to a lack of homogeneity of the crystals; a nucleus 
starting in one crystal grain spreads uniformly throughout the grain, but its progress is 
hindered at the boundary of the grain. It was suggested that the reaction spreads from 
grain to grain across suitable bridges between the grains. The branching coefficient, %,, 


* (Note added in proof) Kallmann and Schrankler (Naturwiss., 1933, 21—23, 379) have succeeded in 
detonating explosives with positive ions, and Muraour (Chim. et Ind., 1933, 30, 39) has caused crystals 
of silver acetylide to detonate by bombardment with electrons. 
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is a measure of the frequency with which the reaction passes from one grain to another. 
So the effect of the emission from radium on f, is either that associated with the removal 
of the hindrance to the passage of the chemical reaction across the boundaries of the 
grains, or is due to a speeding up of the rate within the individual grains. Since pre- 
insulation at a lower temperature has no effect on the reaction, it would appear that the 
activation of the reaction is ephemeral in character, and to be effective, must occur simul- 
taneously with the spread of the reaction through the solid. 

Mercury Fulminate.—Similar experiments were carried out with crystals of mercury 
fulminate, but it was found that the reactions constants were unaffected by the presence 
of radium (Table II). 

TABLE II. 
No. of Induction No. of Induction 
expt. Temp. period, hrs. ,/2°303. expt. Temp. period, hrs. ,/2°303. 

Thermal In presence of radium 
1 112° ; 0°0134 2 112° 8°7 _— 
4 113 ; 0-0119 3 112 8°5 0-0138 
6 113°5 : 0-0180 5 113 7°25 0:0190 
8 113°5 ' 0-0180 7 113°5 8-0 0:0203 

The fulminate crystals were prepared more than two years ago and had been kept in 
a desiccator in the dark. The length of the induction period is greater and k, smaller than 
would be expected from the results of Hailes. Possibly the crystals have undergone some 
slight deterioration in the interval. The table shows that neither the induction period 
nor k, is appreciably affected by the presence of 1 mg. of radium within several mm. of 
the crystal. There is no appreciable effect on either the number or the rate of growth 
of the nuclei. 

SUMMARY. 

The thermal decomposition of crystals of barium azide is accelerated by the emission 
from radium. It is concluded that the effect is due to an acceleration of the growth of 
the nuclei and not to an increase in their number. 

The thermal decomposition of mercury fulminate is unaffected by the presence of 
radium. 


The authors are indebted to Imperial Chemical Industries Ltd. for a grant for the pur- 
chase of apparatus. 


THE UNIVERSITY, BRISTOL. [Received, September 7th, 1933.] 





326. Cannabis Indica Resin. Part IV. The Synthesis of Some 
2: 2-Dimethyldibenzopyrans, and Confirmation of the Structure of 
Cannabinol. 


By R. S. CAHN. 


IT was suggested recently (J., 1932, 1342) that cannabinol was (?)3’’-hydroxy-2 : 2: 5’-tri- 
methyl-(?)5’’-n-amyldibenzopyran (I). Since the methods of degradation hithertoattempted 
brought no further evidence of structure, it was decided to synthesise the parent substance, 
2 : 2-dimethyldibenzopyran (IV), and a few simple derivatives as a preliminary to further 
experiments with the natural product. A study of this ring system appeared to have an 
enhanced interest, since, although the analogous 2 : 2-dimethylcoumaran system, contain- 
ing one benzene ring fused to a 1 : 2-pyran ring, is present in tephrosin and deguelin, two 
of the constituents of derris root, cannabinol is the first substance shown to have a dibenzo- 
1 ; 2-pyran structure. 


Me C5H,.-” 


I. , II. 
(I) ¢ ><,» (I1.) 
‘\CMe,-O” OH ‘\CO-O” 
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The lactone (II) proved to be a suitable initial material: it reacts with two molecules 
of a simple alkyl Grignard reagent. Attempts to prepare it from o-bromophenyl o-bromo- 
benzoate and from phenyl anthranilate failed. Recourse was then taken to the reaction of 
anthranilic acid diazonium sulphate with phenol, which proceeds in two directions (Graebe 
and Schestakov, Annalen, 1894, 284, 317; compare Griess, Ber., 1888, 21, 981) : 


N,HSO, sail (o-)HO,C-C,H,°C,H,yOH(o- and ~-). . (A) 
C,H, + PhOH 
CO,H * OPIOCRORE ... . « «+ @ 


The o-hydroxy-0' -carboxylic acid loses water spontaneously to form the lactone (II). The 
yield is only 22%, and other recorded methods of preparing the substance (Richter, J. pr. 
Chem., 1883, 28, 294; Dobbie, Fox, and Gauge, J., 1913, 103, 36) are unsuitable. When 
p- -cresol is used instead of phenol, o-(p-tolyloxy)benzoic acid and the 5-methyl-lactone are 
obtained, and, since condensation by reaction (A) cannot in this case occur in the #-position, 
the yield of lactone is somewhat better (30—35%). When guaiacol is used, the yield of 
3-methoxy-lactone is only 2—3°%, but the only other substance which could be isolated from 
the reaction mixture was a little salicylic acid. 

Addition of these lactones to an excess of the Grignard reagent leads to phenolic alcohols 
of type (III), which are dehydrated by phosphoric oxide in boiling xylene to the pyran 
derivatives. The yields in both these reactions are almost quantitative. 2 : 2-Dimethyl- 
dibenzopyran (IV) and its 3’’-methoxy-derivative are oils. 


Cannabis Indica Resin. 





Me (nC, 
OP QP OD] OD] 
Me,c-OH OH 
(III.) av. ) (V.) oh, 


The 5’’-methyl derivative is crystalline and was chosen for detailed investigation. The new 
ring system is remarkably stable, as also is cannabinol. The 5’’-methyl compound is 
unchanged by sodium amyloxide at 140° or sodium ethoxide at 160—180°, by fusion with 
sodium hydroxide at 250°, by alcoholic ammonia at 140°, or by boiling 50% sulphuric acid. 
It is decomposed by short boiling with 80° (volume) sulphuric acid or longer boiling with 
a mixture of equal volumes of acetic and sulphuric acids. A method of degradation was, 
however, eventually found. With concentrated hydrochloric acid at 200°, better with 
addition of acetic acid to assist solution, it gives a crystalline phenol which, from analyses 
of itself and of its crystalline benzoyl derivative and methyl ether, appears to be 2-hydroxy- 
5-methyldiphenyl (V). This somewhat remarkable hydrolysis involves loss of acetone and 
resembles the fission of dimethylphthalide by fusion with alkali to acetone and benzoic acid. 
The phenol (V) and the phenolic alcohols of type (III) give no colour with aqueous ferric 
chloride, before or after addition of sodium acetate; in alcohol they develop a pale green 
colour, changed to reddish-brown by sodium acetate, but both colours are barely distinguish- 
able from those of ferric chloride alone. They show the normal solubility relations of 
phenols in alkali, but the phenol (V) (not the phenolic alcohols) is only slowly removed from 
ether by sodium hydroxide solution. 

Application of the acid fission to cannabinol, C,,H,,0,, gives a crystalline phenol, 
C,,H,.0,, which is exactly similar to (V) in its solubility relations and in ferric chloride 
reactions. It is considered to be formed by a similar loss of acetone and to be (VI). It 
gives an oily nitro-derivative, which is oxidised by hot nitric acid to 6-nitro-m-toluic acid 


Me 


Me 
(VIL) NO >CO,H NO, CO vm) 
Chie, 


Me, 


(VII). The presence of the methyl group in this acid shows that it is derived from ring (A) 
ofcannabinol. Since exactly similar treatment of cannabinol affords nitrocannabinolactone 
dy 
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(VIII), this oxidation, coupled with the analytical results, is believed to prove conclusively 
that the fission by acid involves loss of the CMe, group in the manner suggested above. 

The phenol (VI) rapidly develops a purple colour in alkaline solution, owing to atmos- 
pheric oxidation. This suggests that it may be a catechol or quinol derivative, but attempts 
to prepare a quinone, a methylene ether, and condensation products with o-phenylenedi- 
amine and antimony trichloride, failed. No great reliance can, however, be placed on these 
negative results, since only small quantities of material were available. On the other hand, 
the similarity of (VI) to (V) in its solubility relations, and to (V) and the phenols of type 
(IIT) in ferric chloride colours, suggests that both hydroxyl groups may be in the o-position 
with regard to the tolyl nucleus (A). Actually, it has not been possible to prove even the 
presence of two hydroxyl groups, since no crystalline derivatives could be obtained, but this 
assumption can hardly be avoided when the method by which the substance is formed from 
the monohydric phenol, cannabinol, is considered, and it is supported by the ready oxidation 
of (VI) as contrasted with the stability of (V), of cannabinol, and of the oil, presumably a 
(di)methyl ether, obtained from (VI) by means of methyl iodide and potassium carbonate 
in boiling acetone. Although the work described above does not, then, afford any evidence 
as to the positions of the substituents in ring (B), it is held that, taken in conjunction with 
the experiments previously recorded, it proves the structure of cannabinol in all except this 
particular. 

A further point of importance arises out of the synthetical work. The phenolic aicohols 
of type (III) are partly dehydrated by distillation at 30 mm., or by heating with acetic 
anhydride. Since cannabinol is isolated from Cannabis resin by distillation, followed by 
acetylation, the possibility arises that it might be formed from a phenolic alcohol in either 
or both of these processes. However, formation of water has not been observed during 
distillation of the high-boiling fractions of the resin, and this could not have escaped 
observation during the handling of large quantities of material. The second possibility, 
dehydration by acetylation, is definitely excluded, since acetyl chloride and pyridine at 0° 
give a higher yield of acetylcannabinol than does boiling acetic anhydride, and it is found 
that the 5-methyl derivative of the alcohol (III) is acetylated and not dehydrated by the 
former reagents. It is, therefore, still considered that cannabinol exists as such in the crude 
resin. On the other hand, the crude resin is unstable in alkaline solution, giving the same 
purple colour (Beam’s test) as is given by the dihydric phenol (VI); moreover, the boiling 
point of (VI) is only slightly lower than that of cannabinol, so that the two substances would 
be inseparable by distillation. It is probable, therefore, that some substance, or substances, 
resembling (VI) also exist in the cruderesin. This may be (VI) itself, or small amounts of a 
phenolic alcohol of type (III), but there is also another alternative. Bergel (Annalen, 1930, 
482, 55) showed that the high-boiling fraction of his Cannabis resin could be reduced 
catalytically; it is possible that the unsaturated substance present in his resin was a 
derivative containing the :sopropenyl group, as in . e , since this structure is 

MeC:CH, 
closely related to the dibenzopyran system, which it would yield by intramolecular ring 
closure. 

According to experiments kindly carried out by Dr. H. R. Ing at University College, 
London, and, through the courtesy of Dr. F. Bergel, by Dr. H. Marx at the Medizinische 
Klinik, Heidelberg, cannabinol is not the pharmacologically active principle of Cannabis 
resin. S. Frankel (Arch. exp. Path. Pharm., 1903, 49, 266) quotes Wood, Spivey, and 
Easterfield (J., 1899, 75, 20) as having made a similar statement, but the present author 
has been unable to find in any of their publications more than a statement of offical 
inactivity. Frankel himself never obtained pure cannabinol. 


EXPERIMENTAL. 


Unsuccessful Atiempis to synthesise the Lactone (I1).—(1) 0-Bromophenyl o-bromobenzoate, 
prepared by the Schotten—Baumann method or, better, in pyridine, and distilled (b. p. 246- 
247°/26 mm.), forms colourless needles, m. p. 39°, from ligroin (b. p. 60—80°), methyl or ethyl 





Cahn: Cannabis Indica Resin. Part IV. 1403 


alcohol (Found: Br, 45-4. C,,;H,O,Br, requires Br, 44-9%). It did not react with magnesium 
in boiling dry ether, even after activation with methyl iodide, or in a mixture of ether and 
xylene at 100°, and only very slightly with copper powder (0-5 part) in xylene (1 part) at 180°. 
When it was heated with copper powder (0-5 part) alone at 285—305° for 6 hours, a mobile 
fraction (25%), b. p. 200—250°/25 mm., containing halogen, and a viscous oil (25%), b. p. about 
260°/25 mm., were obtained; neither fraction could be obtained solid. 

(2) Phenyl o-nitrobenzoate, prepared by the Schotten-Baumann method, forms prisms, 
m. p. 42—43°, from not too concentrated solution in alcohol; it boils at 164—165°/21 mm. 
With palladised norite (1 g.; 10% palladium) in acetone (100 c.c.), the ester (15°8 g.) absorbed 
4340 c.c. (N.T.P.) of hydrogen (3 mols. = 4600 c.c.) in 2 hours. The oily phenyl anthranilate, 
obtained by filtration and removal of the solvent, crystallised when rubbed, and formed long 
needles, m. p. 71° (lit. 70°), from ligroin (b. p. 60—80°); yield, 12 g. (87% theor.). Diazotisation 
and elimination of nitrogen under a variety of conditions failed to yield the lactone (II). 

Phenol Series. 2: 2-Dimethyldibenzopyran (IV).—The following method for the preparation 
of the lactone (II) is preferable to that given by Graebe and Schestakov (loc. cit.), particularly 
with regard to the preparation of the diazonium salt. Concentrated sulphuric acid (10 c.c.) was 
added with cooling to anthranilic acid (25 g.) dissolved by stirring in acetic acid (200 c.c.). To 
the resultant paste, amyl nitrite (25 c.c., freshly distilled) was added in 1—2 minutes; the 
temperature rose to about 30°, the amine sulphate dissolved, and a crystalline precipitate of the 
diazonium sulphate formed. After 2 hours this was collected, washed with acetic acid and ether, 
and dried in the air. Yield, 38—42 g. (ca. 90% theor.). This salt was heated with phenol 
(100 g.) on the water-bath until nitrogen was briskly evolved; reaction then usually proceeded 
without external heating (but sometimes required moderation by cooling) and appeared com- 
plete in 10—20 minutes; the mixture was heated for a further 1—2 hours on the water-bath, 
the phenol removed in steam, and the oily residue triturated with sodium carbonate solution. 
The acids gradually dissolved, leaving the lactone (II) of 2-hydroxydiphenyl-2’-carboxylic acid, 
which finally (several hours) completely solidified. The yield of lactone, after crystallisation 
from alcohol, was 8 g.; m. p. 94—95°; Griess (/oc. cit.) records m. p. 96°, Graebe 92-5°. When 
copper powder (5 g.) was added to the mixture, nitrogen was evolved more smoothly and at a 
lower temperature, but the yield of lactone was unaffected. When the diazonium salt was 
added gradually to phenol at (a) 90—95° and (b) 115—125°, the yield of lactone was (a) unaltered 
and (b) decreased by 35%. No reaction took place below about 85°. 

When the lactone (14-7 g.) was added in portions to a cooled solution of methylmagnesium 
iodide [from 7 g. (4 atoms) of magnesium] in ether (250 c.c.), vigorous reaction took place. The 
mixture was heated on the water-bath for 2 hours, cooled, and decomposed with ice and sul- 
phuric acid. 2-Hydvoxy-2'-x-hydroxyisopropyldiphenyl (III) separated as a solid, the ether 
retaining only a little oily material. The solid was collected, washed with water, ether, and 
sodium bisulphite solution, and recrystallised from benzene; needles, m. p. 147—150° (14-5 g.) 
(Found: C, 78-6; H, 7-1. C,;H,,O, requires C, 78-9; H, 7-1%). It can also be crystallised, 
but less well, from alcohol or a little chloroform. It is soluble in cold sodium hydroxide solution, 
whence it is reprecipitated by carbon dioxide or ammonium chloride. With acetic anhydride 
and 2N-sodium hydroxide solution it gave low-melting products. 

Phosphoric oxide (14-5 g.) was added to the phenol (14-5 g.) in dry xylene (100c.c.). Heat 
was evolved. The mixture was boiled under reflux for 6 hours. The cooled solution was 
decanted, washed with sodium hydroxide solution and then with water, and dried with calcium 
chloride, and the xylene removed by distillation. The residual 2 : 2-dimethyldibenzopyran 
(IV), after distillation, formed a colourless, fairly mobile oil, b. p. 186—187°/27 mm. (Found : 
C, 85-3; H, 6-7. C,,H,,O requires C, 85-7; H, 6-7%). Yield, 12 g. (90% theor.). Ring 
closure was only partly effected by distilling the phenol at 30 mm. or heating it at 175° for 45 
mins. 

p-Cresol Series. 2:2: 5'-Trimethyldibenzopyran.—Anthranilic acid diazonium sulphate 
(40 g.) and p-cresol (100 g.) required heating to a slightly higher temperature than the phenol 
mixture and the reaction, once started, was rather more violent. By working as in the phenol 
series, there were obtained 10—13 g. of the lactone of 2-hydroxy-5-methyldiphenyl-2'-carboxylic 
acid, needles from alcohol, m. p. 134—135° (Found: C, 79-7; H, 4:8. C,H O, requires 
C, 80-0; H, 48%). Acidification of the sodium carbonate extract gave 2-p-tolyloxybenzoic 
acid (4 g.), needles from ligroin (b. p. 60—80°), m. p. 127-5—128-5° (Ullman and Slokasov, Ber., 
1905, 38, 2115, record m. p. 118-5°) (Found: C, 73-6; H, 5-6. Calc. for C,sH,,0,: C, 73-6; 
H, 5-3%). In two experiments in which copper powder (5 g.) was added, reaction took place 
at a lower temperature and was easier to control, but the yields of lactone fell to 5-1 and 5-4 g. 
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The Grignard reaction was carried out as in the phenol series, but the resultant alcohol 
remained entirely in the ethereal layer; iodine was removed by sodium bisulphite solution, and 
the phenol then extracted by sodium hydroxide solution and recovered by precipitation by 
carbon dioxide. 2-Hydroxy-5-methyl-2'-a-hydroxyisopropyldiphenyl formed prisms, m. p. 112°, 
from ligroin (Found: C, 79-4; H, 7:2. C,.H,,O, requires C, 79-3; H, 7:5%). Yield, nearly 
quantitative. When crystallised from benzene, it formed colourless transparent needles, which 
went matt when dried in the air; the m. p. 110—112°, of a fresh specimen fell gradually when the 
substance was kept; it appeared to contain benzene of crystallisation (Found in a specimen 
melting at 94—104°: C, 80-2; H, 7-4%). 

Acetyl chloride (3 c.c.) was added gradually to the phenol (2 g.) in dry pyridine (10 c.c.) at 
0°; the mixture was kept at room temperature for 2 hours, decomposed with ice and dilute 
hydrochloric acid, and the precipitated oil, which gradually solidified, was triturated with dilute 
alkali (which removed only a trace of phenol); by two crystallisations from ligroin (b. p. 40— 
60°) 2-acetoxy-5-methyl-2'-«-hydroxyisopropyldiphenyl was obtained as needles, m. p. 78—79° 
(Found: C, 75-6; H, 7-3. C,gH 90; requires C, 76-0; H, 7-1%). This substance decomposes 
slightly when distilled. The position of the acetyl group is proved by the insolubility of the 
substance in caustic alkali; the non-reactivity of the tertiary hydroxyl group is not surprising. 

2-Methoxy-5-methyl-2’-a-hydroxyisopropyldiphenyl, prepared by means of methy] sulphate and 
2N-sodium hydroxide, crystallised from alcohol in a mixture of rods and prisms, m. p. 122° 
(Found : C, 79-3; H, 7-6. C,H, O, requires C, 79-6; H, 7-9%). 

The above phenol (24-8 g.) and phosphoric oxide (25 g.), when heated under reflux in xylene 
(100 c.c.) for 3 hours, gave 16 g. (73% theor.) of distilled 2: 2 : 5’’-trimethyldibenzopyran, b. p. 
201°/30 mm., m. p. 57°. Crystallisation from methyl or ethyl alcohol gave plates, m. p. 58° 
(Found: C, 85-2; H, 7:5. C,,H,,O requires C, 85-7; H, 7-2%). The same product (mixed 
m. p.) was obtained when the phenol was heated with a large excess of acetic anhydride on the 
water-bath for 90 minutes. The behaviour of this compound towards reagents is indicated on 
p. 1401. 

Guaiacol Series. 5''-Methoxy-2 : 2-dimethyldibenzopyran.—Reaction between anthranilic 
acid diazonium sulphate (39 g.) and guaiacol (100 g.) set in only slowly, but was then violent and 
required careful control. The mixture, when treated as in the other series, gave a semi-solid, 
alkali-insoluble product, whence by trituration with alcohol the /actone of 2-hydroxy-3-methoxy- 
diphenyl-2'-carboxylic acid was obtained; yield, after two crystallisations from alcohol, 1-0 g.; 
m. p. 167° (Found: C, 74-3; H, 4-5. C,,H,,O, requires C, 73-9; H, 4:3%). Acidification of 
the sodium carbonate solution gave an oily mixture of acids; trituration with cold benzene 
separated 1-2 g. of salicylic acid, needles from benzene, m. p. 159—159-5° alone or mixed with 
an authentic specimen (methyl salicylate test positive) (Found: C, 61-0; H, 4-5. Calc. for 
C,H,O,;: C, 60-9; H, 4:3%). 

The lactone (0-8 g.) gave by the Grignard reaction 0-6 g. of 2-hydroxy-3-methoxy-2’-a-hydr- 
oxyisopropyldiphenyl, which crystallised from benzene-ligroin in needles. As with the corre- 
sponding 5-methyl compound, these apparently contained solvent, since the m. p. fell from 
132—134° to 118—125° when the substance was dried in a vacuum over sulphuric acid and 
phosphoric oxide for 16 hours. When the phenol (0-5 g.) was boiled with phosphoric oxide (1 g.) 
in dry benzene (6 c.c.) for 2 hours, 3’’-methoxy-2 : 2-dimethyldibenzopyran was obtained as a 
pale yellow resin; it distilled without decomposition at 30 mm., but could not be crystallised 
and was not pure (Found: C, 81-7; H, 7-3. C,,H,,O, requires C, 80-0; H, 6-7%). 

Acid Fission of 2:2: 5''-Trimethyldibenzopyran.—The pyran (2-5 g.) was heated for 8 
hours at 200° with a mixture (20 c.c.) of acetic acid (1 part) and concentrated hydrochloric acid 
(3 parts), saturated with hydrogen chloride at 0° (called below “ acetic-hydrochloric acid mix- 
ture ’’). After dilution, the oily insoluble product was collected, dissolved in acetone, and 
poured into an excess of 2N-sodium hydroxide. Acidification of the diluted and filtered solu- 
tion precipitated 1-6 g. of 2-hydroxy-5-methyldiphenyl (V). The crude product, m. p. 108°, was 
best purified by distillation in a vacuum, followed by crystallisation from ligroin (b. p. 60—80°), 
from which it separated in rods, m. p. 110—111° (Found : C, 84-9, 84-6; H, 6-7, 6-9. C,3H,,0, 
requires C, 84-8; H, 6-5%). Mixed with 2-hydroxy-5-methyl-2’-«-hydroxyisopropyldipheny] 
(m. p. 112°), the product which would be formed by simple hydrolytic opening of the oxide ring, 
it melted indefinitely at 80—105°. This phenol is very soluble in most organic solvents. The 
acetyl derivative (acetic anhydride at 100°, or acetyl chloride and pyridine at 0°) was hard to 
purify; it is very soluble in the usual organic solvents, but can be crystallised with difficulty 
from diluted acetic acid and then has m. p. 63—65°. The methyl ether (methyl sulphate and 

alkali) formed rods from alcohol, m. p. 90° (Found : C, 84-5; H, 7-7. C,,H,,O requires C, 84-8; 
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H, 7:1%). The benzoyl derivative (Schotten—Baumann method) formed small stout prisms from 
alcohol, m. p. 109—110° (Found: C, 83-5, 83-6; H, 6-4, 5-5. C.9H,,O, requires C, 83-3; H, 
55%). 

When the pyran derivative (5 g.) was heated with concentrated hydrochloric acid (without 
acetic acid) for 8 hours at 200°, 0-7 g. of the same phenol (mixed m. p.) and 3-9 g. of unchanged 
material (mixed m. p.) were obtained. 

When the phenol (0-8 g.) in acetic acid (4 c.c.) was treated gradually with nitric acid 
(7 c.c., @ 1-42) and warmed on the water-bath for 15 hours with occasional addition of more 
nitric and acetic acids, nitration was followed by oxidation. The mixture was evaporated to 
dryness, the residue extracted with much hot water, and crystallised from benzene, best with 
addition of a little acetone. This substance, m. p. 199—200° (Found: C, 56-45; H, 3-8; N, 
6-6%), is apparently not the expected nitrobenzoic acid (Calc.: C, 50-3; H, 3-0; N, 8-47%), 
and its nature is obscure. 

Acid Fission of Cannabinol.—Acetylcannabinol (7-5 g.) and ‘‘acetic-hydrochloric acid 
mixture ”’ (55 c.c.) were heated at 180—220° for 20 hours. The mixture was diluted and extracted 
with ether. The ethereal layer was shaken seven times with 2N-sodium hydroxide, and the 
phenol (V1) isolated by acidification, extraction with ether, and distillation. This gave a red 
oil (1-6 g.), b. p. about 255°/27 mm., which began to crystallise after 10 days. It was very 
soluble in most organic solvents, but crystallised from ligroin (b. p. 40—60°) and then had m. p. 
61—62° (Found : C, 79-3, 79-6; H, 7-8, 8-0. C,,H,,O, requires C, 79-95; H, 8-2%). 

The phenol (0-5 g.) in acetic acid (2 c.c.) was treated with cooling with nitric acid (1 c.c., 
d 1-5), and after 3 hours with water; the solution was decanted from the precipitated gum, 
which could not be crystallised. This was dissolved in acetic acid (10 c.c.) and nitric acid 
(10 c.c., d 1-42), and heated on the water-bath for 20 hours, more nitric acid (30 c.c.) being 
gradually added. The clear solution was evaporated to dryness, the residue extracted with hot 
water (15 c.c.), and the less soluble 6-nitro-m-toluic acid (VII) recrystallised from benzene ; it 
melted at 210-5—211-5°, and at 213—-214° when mixed with an authentic specimen (m. p. 216°) 
(Found : C, 53-2; H, 3-75. Calc. for CgH,O,N : C, 53-0; H, 3-9%). 

The preparation of 6-nitro-m-toluic acid from m-toluidine is easier than might be inferred 
from the literature. 32 G. of the base gave, by N6élting and Stoecklin’s method (Ber., 1891, 24, 
564), 21-5 g. of 6-nitro-derivative, m. p. 137° (m. p. 138°, when pure), after only two crystallis- 
ations, and doubtless more was present in the mother-liquors. 10 G. of the nitro-amine gave 
6-0 g. of 6-nitro-m-toluonitrile, m. p. 76—78° (80°, when pure), according to Gabriel and Thieme’s 
directions (Ber., 1919, 52, 1090), although these authors report only 1-7 g. from 7 g. of base. 
Hydrolysis of the nitrile by concentrated hydrochloric acid at 160° during 4 hours is almost 
quantitative; the acid crystallises best from benzene containing a little acetone. 

When trinitrocannabinol (1-1 g.) and “‘ acetic-hydrochloric acid mixture” (22 c.c.) were 
heated at 200° for 20 hours, a carbonaceous mass resulted. 
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327. Studies in the Composition of Coal. The Action of Solvents. 
By J. E. AsHmorE and R. V. WHEELER. 


Ir the coal conglomerate could readily be separated into its constituents by the use of 
organic solvents, the study of the composition of coal would be simplified. A method of 
resolution by pyridine and chloroform, followed by separation of the extract into portions 
soluble in light petroleum and in ethyl ether (see Cockram and Wheeler, J., 1927, 700), 
is widely used. This treatment yields fractions, y,, mainly hydrocarbons, y,, resinols, 
resines and resenes, and ys, resin-like compounds, the separation of which is informative. 
It is by no means certain, however, that the initial treatment with pyridine and chloroform 
invariably effects removal of the whole of the free hydrocarbons and resins from the coal 
conglomerate. 

Fischer and Gluud (Ges. Abh. Kennt. Kohl, 1916, 1, 54) originated a treatment with 
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benzene boiling under pressure at 200—285° (adopted by Bone, Pearson, and Quarendon, 
Proc. Roy. Soc., 1924, A, 105, 608) which usually yields more “ extractable matter ” from 
a bituminous coal than does the treatment, at low temperatures, with pyridine and chloro- 
form. This method is unsuited for coals of low carbon content, since they begin to decom- 
pose on heating above about 250°. 

Within recent years, two new methods of solvent analysis of coal have been suggested. 
Hankiss and Péter (Szénkisérleti Késlemények, 1927, 2, 45) of the Hungarian Fuel Research 
Station, Budapest, have recorded that mixtures of two or more low-boiling solvents could 
extract considerably more from certain Hungarian coals than could any one of the solvents 
alone. The most striking results were obtained with equal volumes of either ethyl alcohol 
and carbon tetrachloride or ethyl alcohol and benzene. A more suggestive method is 
that due to Fischer, Peters, and Cremer (Brennstoff Chem., 1932, 13, 364), the feature of 
which is the grinding of the coal in a vacuum ball-mill until the average size of the particles 
is ly. A German bituminous coal reduced to such a degree of fineness readily yielded ten 
times as much extractable matter to a low-boiling solvent (e.g., trichloroethylene) as it did 
when in the form of a comparatively coarse power. The suggestion is that mechanical 
disintegration of the coal performs the same function, of rendering the soluble matter 
accessible to the solvent, as does the colloidal dispersion effected by pyridine. We intend, 
with Dr. Fischer’s permission, to apply this method of study to British coals. 

The experiments we have made during the past four years on the treatment of coal 
with mixtures of solvents have not been successful in evolving a method of resolution 
superior to that of extraction with pyridine, followed by chloroform. They have disclosed, 
however, a source of fallacious results, to which we wish to direct the attention of other 
workers, which must render suspect some of the work that has been published on the 
treatment of coal by solvents. 

Briefly, our experiments, some of which are recorded later, show that coal can exert a 
powerful catalytic action; for example, in promoting the condensation of xylene with amyl 
alcohol, with or without simultaneous oxidation, the result being a “ resinic”’ material 
difficult to distinguish from a coal extract. 

The oxygen that a coal contains can be highly reactive; for example, ethyl alcohol is 
changed to aldehyde when it is boiled with a finely divided lignite. On the other hand, a 
warm dilute acid solution of potassium permanganate is rapidly decomposed, with evolution 
of oxygen, by the catalytic action of finely divided bituminous coal suspended in it. 

The synthesis of solid “‘ extractable matter ” when coal is treated with organic solvents 
is promoted, the catalytic action of the coal being enhanced, by increase of temperature. 
For this reason alone we should distrust results obtained with benzene boiling under 
pressure at a temperature as high as 280°. In this connexion, reference may be made to 
the observation by Newitt and Szegé (J. Soc. Chem. Ind., 1933, 52, 645) relative to the 
oxidation of aromatic hydrocarbons under pressure, that: ‘‘ In the case of benzene there 
is little doubt but that the initial product of oxidation is phenol and references are repeatedly 
found in the literature to the detection of this compound amongst its oxidation products.” 
Bone, Horton, and Tei (Proc. Roy. Soc., 1928, A, 120, 523) have recorded the presence of as 
much as 25% of phenol (which is not to be expected either as an original constituent or 
as a product of decomposition of coal) in the “ extract ” obtained on treating a lignite, of 
high oxygen content (29-5°%), with benzene at 280° under 48 atm. pressure. 

None of our experiments suggests that the substances obtained by extracting coal with 
pyridine (b. p. 115°), followed by treatment of the extract with chloroform (b. p. 61-2°), are 
vitiated by material synthesised from the solvent. 


EXPERIMENTAL. 


Preliminary experiments on the treatment of coal with mixed solvents were made with 
Silkstone (Yorkshire) coal (C, 83-6; H, 5-4%) ground to pass a 20- and remain on a 100-mesh 
I.M.M. standard sieve. The extractions were made on 20 g. charges of the coal by boiling in 
flasks during three periods, each of 12 hours duration, fresh solvent being used for each period. 
The boiling flasks were fitted with ground-in glass condensers and air was excluded. The 
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amounts extracted by different solvents were, % on the ash-free dry coal: ethyl alcohol, 0-18; 
benzene, 0-19; carbon tetrachloride, 0-08; benzene—carbon tetrachloride, 0-10; ethyl alcohol— 
benzene, 1-46; ethyl alcohol-carbon tetrachloride, 2-02; ethyl alcohol—benzene-—carbon tetra- 
chloride, 0-92. The mixed solvents in these and all subsequent experiments were in equal parts 
by volume. 

a The extractions were incomplete (pyridine—chloroform yielded 7-1% extract), but confirmed 
the observations of Hankiss and Peter. 

A second series of extractions of the Silkstone coal was made in the same way, but with four 

44-hour periods. The extracts were fractionated with light petroleum and ethyl ether for com- 
parison with the “‘ y-fractions.”” The results are in Table I. 
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TABLE I, 
Extracts from Silkstone Coal, % on Ash-free Dry Coal. 
Total Sol. in light Sol. in Insol. in 

Solvent. extract. petroleum. ethyl ether. ethyl ether. 
ChlOTOfOrM ......ccccceccccceeccevecscecevecces 2-0 1-0 0-6 0-4 
Chloroform-—ethyl] alcohol .......-.+sse++++ 2°9 0-9 1-0 1:0 
Benzene-ethyl alcohol ...........s+sseseees 3°6 1-2 1°4 1-0 
Ethyl alcohol—carbon tetrachloride 59 13 13 3°3 
(Pyridine—chloroform)  «......+.+++sseesee0s 7'1 (y) 1°8 (y,) 1°8 (y2) 3°5 (ys) 


It will be noted that, although the extractions were incomplete, the relative proportions ot 
the extracts soluble in light petroleum and ethyl ether corresponded approximately with the 
y, and y; fractions. The corresponding extracts were of similar appearance. 

For the third series of extractions, Cockshead (Staffordshire) coal (C, 85-1; H, 5-3%) was 
used, there being four 100-hour periods. In an attempt to expedite extraction, a mixture of 
xylene and amy] alcohol was tried in addition to the mixtures previously used. The results 
are in Table II. 


TABLE II. 
Extracts from Cockshead Coal, % on Ash-free Dry Coal. 
Total Sol. in Sol. in light Sol. in Insol. in 
Solvent. extract. chloroform. petroleum. ethylether. ethyl ether. 
Benzene-ethyl alcohol : 
Ist period .....cccccccccecsvcsccecsceees 2°3 1-9 1-2 0°4 03 
er 2°3 13 0°9 03 01 
BE. 4 thts cccencncvonccccscnsccecs 2:1 12 0-4 03 0°5 
Bn ttt ccccccncsccccccsccceseecoes 2°4 13 0-4 03 0°6 
TOA  cccccccccovecscesccccscecee 9-1 5°7 2°9 1-3 15 
Chloroform—ethyl alcohol : 
ee ee ae ras 10 O° 
SO <a: enadetalcsldatebediindcdentts 0-9 0-9 03 03 03 
GHIA 4p tne ncwecncsccccccceccnccsscce 10 0°9 0-1 03 0°5 
TEE . secnscnssascnsctscscenseess 5°5 4°6 1:3 1°6 17 
Ethyl alcohol-carbon tetrachloride 
Ast period ..cscccrcccccscscccececccerece 4°6 2°7 ’ . : 
gp agabecnsnsseeseniae ar. 2-0 Let oF ale vies 
nl? ? "sp ehasicbenetininanindidieds 1-9 1-7 05 0°5 0-7 
GR gg tw ecccncscccccccccccccssssoces 17 1:2 0-4 0-4 0-4 
Teta coqcecoscrsvecesccecsoences 10°2 7:2 16 30 2°6 
Xylene—amy] alcohol : 
Ist Period ...cccccccccccccrecesenscscess 21°6 21-0 9°4 11°5 0°1 
BR xp tbh twtbenccascceonsecesseesees 22°3 21°1 6°5 13°8 0°8 
ee er rce errr 8°7 8:0 not determined 
Gag -eeainnsevicrpensidcass 10°0 not determined 
Tics cessecsccccccsvcseccsceses 62°6 
Pyridine : 
Ist period .....ccccccccccscscscrccsoeses 17°6 6°4 2°4 2°9 ll 
BE gg tt ncn ewcccccccessconansoovcces 46 1-0 03 0-2 0°5 
re erent nee 4 0-5 ast Gelesiont 
eee eeeeeeeeeeeeseeseseeees 3 2°7 (y1) 31 (¥2) 
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That the mixture of xylene and amyl alcohol (b. p. 140°) would yield the most extract was 
not unexpected, but the actual amount was as surprising as was the fact that most of the extract 
was soluble in chloroform with high proportions soluble in light petroleum and ethyl ether. 
These observations caused us to suspect that the solid matter recovered was derived from the 
solvents and not from the coal, and the suspicion was confirmed by the fact that the coal 
extracted was found not to have lost in weight. 

Proof of the synthesis of “‘ extractable matter ”’ from the solvents was obtained by treating 
anthracite calcined at 1000° (which yields nothing to organic solvents) with the mixture of 
xylene and amyl alcohol. After 100 hours, a solid in amount representing 18-2% on the weight 
of the anthracite was obtained. This was nearly all soluble in chloroform; half of it was soluble 
in light petroleum and half in ethyl ether. 

The “‘ extracts ” obtained with the other mixed solvents were also in large part synthesised 
from the solvents, for the samples of coal extracted had gained in weight despite the fact that 
they had apparently yielded from 5 to 10% of extractable matter (see Table II). Only the 
residue from extraction by pyridine was in correct proportion. 

The fractions of the “ extracts ” of the coal by mixed solvents obtained by successive treat- 
ment with chloroform, light petroleum, and ethyl ether were indistinguishable in appearance 
from the corresponding y-fractions of the coal, and the similarity extended to their ultimate 
analyses. The synthetic material obtained by treating anthracite with xylene and amyl alcohol, 
however, differed from coal extracts in that the fraction soluble in chloroform and light petroleum 
(corresponding with the y, fraction of a coal) consisted wholly of saturated compounds. The y, 
fraction of a coal, when freed from oxygenated compounds, is a mixture of saturated and un- 
saturated hydrocarbons, usually in nearly equal amounts (Cockram and Wheeler, loc. cit., 


p. 705). 

This work is being continued with a view to determine the nature of the synthetic 
products. The observations here recorded demonstrate a possible source of error in 
studies of the extraction of coal by solvents. 


Our thanks are due to the Safety in Mines Research Board, for whom the work was done, 
for permission to publish this paper. 
SAFETY IN MINES RESEARCH LABORATORIES, SHEFFIELD. [Received, August 26th, 1933.] 





328. Polycyclic Aromatic Hydrocarbons. Part XI. The Acetylation 
of 1: 2-Benzanthracene. 


By J. W Cook and C. L. HEwEtrt. 


THE condensation of acetic anhydride and 1 : 2-benzanthracene in presence of anhydrous 
aluminium chloride gave five of the twelve possible monoacetyl compounds. At low 
temperatures the chief product was 9- or 10-acetyl-1 : 2-benzanthracene, which was hydro- 
lysed by acids to 1 : 2-benzanthracene, and oxidised by chromic acid to 1 : 2-benzanthra- 
quinone. At 40° this meso-ketone was isomerised by aluminium chloride to 7-acetyl- 
1 : 2-benzanthracene, which, moreover, was always isolated as a product of the Friedel- 
Crafts reaction. 6-Acetyl-1 : 2-benzanthracene was also obtained in small yield, together 
with two other monoketones of undetermined orientation. ‘The orientation of the 6- and 
the 7-acetyl compound was shown by oxidation of their quinones to anthraquinone- 
1 : 2: 6- and -1 : 2: 7-tricarboxylic acid, respectively. 

7-Acetyl-1 : 2-benzanthracene reacted with methylmagnesium iodide to give a carbinol, 
which was readily dehydrated: by hydrochloric acid in boiling acetic acid. The resulting 
7-isopropenyl-1 : 2-benzanthracene could not be isolated, however, for it was converted 
under these conditions into a dimeride, the constitution of which has not been determined. 
No pure olefinic hydrocarbon could be isolated by using milder conditions for dehydration. 

The poor yields of the pure acetylbenzanthracenes have precluded their utilisation 
in the synthesis of higher homologues of 1 : 2-benzanthracene, which was the purpose of 


this investigation. 
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The Friedel-Crafts condeusations were effected by adding first the acetic anhydride (1-1 
mols.; usually diluted with nitrobenzene), and then the finely powdered 1 : 2-benzanthracene 
(1 mol.), to a well-stirred solution of anhydrous aluminium chloride (1 mol.) in nitrobenzene 
(15 mols.). After 3—4 hours the product was decomposed with ice and hydrochloric acid, 
the nitrobenzene removed in steam, and the residual resin dissolved in acetic acid and treated 
with excess of picric acid. The resulting mixture of picrates was dried and repeatedly crys- 
tallised from benzene. In this way a constant-melting picrate was usually obtained, from 
which the pure ketone was regenerated by shaking the benzene solution with sodium carbonate 
solution. The benzene mother-liquors were likewise freed from picric acid; in many cases 
solid mixtures of ketones were then obtained. These were subjected to fractional crystallis- 
ation from alcohol or ethyl acetate, and the fractions again submitted to treatment with picric 
acid. No fraction was regarded as a pure substance unless it was recovered with the m. p. 
unaltered after conversion into the picrate, crystallisation from benzene to constant m. p., 
followed by decomposition with sodium carbonate. The following experiments were made : 

(a) The solution was cooled in ice during addition of the 1: 2-benzanthracene (11-4 g.) 
and then kept at 0° for 4 hours. The less soluble picrates yielded 0-5 g. of ?-acetyl-1 : 2-benz- 
anthracene, which separated from cyclohexane in pale yellow, prismatic needles, m. p. 147° 
(Found: C, 88-9; H, 5-2. C,H,O requires C, 88-8; H, 5-2%); its picrate formed light 
orange-red needles, m. p. 192° (from benzene) (Found: N, 8-3. C,9H,,0,C,H,;O0,N; requires 
N, 84%), and the corresponding quinone, obtained by oxidation with 3 parts of sodium 
dichromate in boiling acetic acid for 20 minutes, crystallised from alcohol in orange needles, 
m. p. 196—197° (Found: C, 80-0; H, 3-9. (C,9H,,0O, requires C, 80-0; H, 40%). The 
liquors from which the above picrate was isolated yielded 0-3 g. of 7-acetyl-1 : 2-benzanthracene, 
pale straw-coloured leaflets (from benzene—alcohol), m. p. 151—152° (Found: C, 89-2; H, 
53%); its picrate (from benzene) formed an orange crystalline powder, m. p. 147—148° 
(Found: N, 8-:25%). 7-Acetyl-1: 2-benzanthraquinone formed an orange crystalline powder 
(from benzene), m. p. 219° (Found: C, 80-2; H, 4:1%). 

(b) The 1: 2-benzanthracene (70 g.) was added at such a rate that the temperature did . 
not rise above 0°, the whole being cooled in a freezing mixture. The less soluble picrates 
yielded 12-5 g. of the picrate of 9- or 10-acetyl-1 : 2-benzanthracene, brick-red needles, m. p. 
153-5—154-5° (Found: C, 62-5; H, 3-5. CygH,,0,CgH,;0O,N, requires C, 62-5; H, 3-4%). 
The ketone, regenerated from this picrate, crystallised from alcohol in small colourless plates, 
m. p. 104—105° (Found: C, 89-0; H, 5-5%). In contrast with the other ketones this meso- 
compound was non-fluorescent. When boiled for } hour with a solution of sulphuric acid 
(1 c.c.) in acetic acid (10 c.c.), it (0-5 g.) was hydrolysed to 1 : 2-benzanthracene, m,. p. and 
mixed m. p. 159—160°. Oxidation of the ketone with sodium dichromate in acetic acid yielded 
1 :; 2-benzanthraquinone, m. p. and mixed m. p. 168-5—169-5°. 

From the more soluble picrates obtained in this experiment there were isolated 7 g. of 
7-acetyl-1 : 2-benzanthracene, whereas the final benzene liquors of the mixed picrates deposited, 
on standing, a small amount of a picrate which crystallised from benzene in reddish-brown needles, 
m. p. 187-5—188°, depressed by the picrate, m. p. 192°, mentioned above (Found: N, 8-1%). 

(c) The mixture was cooled in ice during addition of the benzanthracene (14 g.) and subse- 
quently kept at room temperature for 4 hours. The chief product was 7-acetyl-1 : 2-benz- 
anthracene. The mother-liquors from the crystallisation of the picrate of this ketone were 
freed from picric acid, and the resulting ketones crystallised from acetic acid and then from 
benzene, yielding 6-acetyl-1 : 2-benzanthracene, pale yellow needles, m. p. 192-5—193-5° (Found : 
C, 88-8; H, 5-2%); the quinone formed golden-yellow needles (from benzene), m. p. 197—199° 
(Found: C, 80-0; H, 4:1%). 6-Acetyl-1 : 2-benzanthracene crystallised unchanged from a 
benzene solution of picric acid, although the deep red colour of the solution suggested picrate 


formation. 
(d) Repetition of the conditions described under (a) furnished a mixture of ketones from 


which 6-, 7-, and the meso-acetyl compounds were isolated. 

Isomerisation of meso-Acetyl-1 : 2-benzanthracene.—Addition of a solution of aluminium 
chloride (1-4 g.) in nitrobenzene (5 c.c.) to a solution of the meso-ketone (2-7 g.) in nitrobenzene 
(10 c.c.) resulted in separation of a thick meal of dark red crystals. After 4} hours at room 
temperature the meso-ketone was recovered entirely unchanged, but when this mixture was 
heated at 40° for 4 hours isomerisation occurred. The product was decomposed with ice and 
hydrochloric acid, the nitrobenzene removed in steam, and the residue treated with picric 
acid: Two crystallisations from benzene gave the picrate of 7-acetyl-1 : 2-benzanthracene, 
the identification being completed by conversion of the picrate into the ketone, 
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Orientation of 6- and 7-Acetylbenzanthracenes.—A solution of the appropriate acetyl-1 : 2- 
benzanthraquinone (0-5 g.) in concentrated sulphuric acid (5 c.c.) was poured into water 
(25 c.c.), and the boiling suspension treated gradually with finely powdered potassium per- 
manganate (2-3 g.). The manganese dioxide was then destroyed by addition of oxalic acid, 
the whole cooled, and the solid in suspension collected, extracted with dilute sodium carbonate 
solution, and the reprecipitated acid boiled for 3 hours with an aqueous solution of chromic 
acid (1 g.). The acid so purified was methylated by heating its silver salt with excess of methy! 
iodide in benzene for 24 hours, and the product crystallised from xylene (in the case of th« 
1 : 2: 6-compound) or chloroform—alcohol (in the case of the 1:2: 7-compound). The ester 
obtained from 6-acetyl-1 : 2-benzanthraquinone had m. p. 232-5—233-5°, not depressed by 
methyl anthraquinone-] : 2: 6-tricarboxylate (m. p. 233-5—234-5°), and the ester obtained 
from 7-acetyl-1 : 2-benzanthraquinone had m. p. 197—198°, not depressed by methyl anthra- 
quinone-1 : 2 : 7-tricarboxylate (m. p. 204—204-5°), but strongly depressed by methyl] anthra- 
quinone-1 : 2-dicarboxylate (m. p. 208°). The preparation of the authentic esters will be 
described in a future communication. 

7-(1 : 2-Benz)anthranyldimethyicarbinol—An ice-cold Grignard solution prepared from 
methyl] iodide (2-8 c.c.), magnesium turnings (1-1 g.), and anhydrous ether (25 c.c.) was slowly 
treated with finely powdered 7-acetyl-1 : 2-benzanthracene (4 g.). The product was allowed 
to warm to room temperature, boiled for 2 hours, and decomposed with ice and ammonium 
chloride, more ether being necessary to dissolve the carbinol. The washed ethereal extract 
was dried (sodium sulphate), and the ether removed on the water bath. The solid residue, 
twice recrystallised from alcohol, formed colourless plates which dried to a powder, m. p. 135° 
(Found: C, 88-1; H, 6-4. C,,H,,O requires C, 88-1; H, 6-3%). 

Dimeride of 1-isoPropenyl-1 : 2-benzanthracene.—When concentrated hydrochloric acid 
(1-5 c.c.) was added to a solution of the aforesaid carbinol (1-5 g.) in glacial acetic acid (50 c.c.), 
an oil separated which became converted into a crystalline solid during an hour’s boiling. 
The product (0-9 g.) was washed with acetic acid and recrystallised from benzene-alcohol, 
forming small colourless needles, m. p. 248—251° (Found: C, 94-0; H, 6-0; M, Rast method, 
497, 513. Cy .H3_ requires C, 94-0; H, 6-:0%; M, 536). Solutions of this hydrocarbon had an 
intense violet fluorescence. 


All the analyses are microanalyses by Dr. A. Schoeller. The 1: 2-benzanthracene was 
prepared by reduction of 1: 2-benzanthraquinone (Sirius Yellow G), for supplies of which we 
are indebted to I.G. Dyestuffs Ltd. 


THE RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), 
Lonpon, S.W. 3. [Received, August 28th, 1933.] 





329. Studies in the Sterol Group. Part XVIII. An Attempt to Define 
the Position of the Hydroxyl Group in Ergosterol. 


By I. M. Hertsron, K. M. Samant, and J. C. E. Srmpson. 


CHUANG (Annalen, 1933, 500, 270) has demonstrated that ergostane can be oxidised to 
give allonorcholanic acid, C,,H,,0,, thus providing formal proof that the nuclear skeleton 
of ergosterol is identical with that of cholesterol and the bile acids. The above investig- 
ation fails to furnish, however, evidence as to the position of the secondary alcohol group 
in ergosterol, although from the fact that ergostanol yields on oxidation a dicarboxylic 
acid, C,,H,,O,, from which a pyro-ketone, C,,H,,0, can be obtained (Reindel, Annalen, 
1928, 466, 131), it has been generally assumed that the hydroxyl 

Me C,H,, group in ergosterol is situated in Ring A and attached to C; (I) 

JN as in cholesterol (compare Wieland and Dane, Z. physiol. Chem., 

Mef c Cc p D 1932, 212, 41). 

Ne Pe At the same time many of the reactions of ergosterol are at 

HO’ |B variance with the assumption that its hydroxyl group is on Cz, 
and indicate rather that it is in close proximity to an activating 

system of double bonds. Examples of such reactions are afforded 

by (1) the mobility of the hydroxyl group in neoergosterol (Bonstedt, Z. physiol. Chem., 1929, 
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185, 165), (2) the specific production from ergosterol of ergopinacol (Windaus and Borgeaud, 
Annalen, 1928, 460, 235), and (3) the formation of ketones by the vacuum-distillation of 
ergosterol, «- and @-dihydroergosterols, and «- and 8-ergostenols with copper—bronze, a 
reaction which does not occur with the saturated ergostanol (unpublished observation). 

Prior to the appearance of Chuang’s paper we had ourselves been engaged in an 
investigation dealing with the questions of the nuclear identity of ergosterol with the bile 
cids and also of the precise position ofits hydroxyl group. With this end in view attempts 
were made to degrade the above-mentioned dibasic acid according to the method of 
Windaus and Riemann (Z. physiol. Chem., 1923, 126, 277) to either a tribasic acid, C.,H3,0g, 
or its nor-derivative, but this line of attack failed, as it proved impossible to isolate a 
pure compound from the oxidation mixture. We therefore turned our attention to 
chloroergostane, C,,H,,Cl, from which we obtained on oxidation with chromic anhydride 
a chloronorcholanic acid, Cy,H3,0,Cl, m. p. 213° (Heilbron and Simpson, Nature, 1933, 
131, 438), which forms a methyl ester, m. p. 158—159°. Since the work of Chuang (loc. 
cit.) shows that ergostane belongs to the allocholanic acid series, it follows that the acid, 
m. p. 213°, must be 3-chloro-allonorcholanic acid (or its epi-derivative) if the hydroxyl 
group in ergosterol be actually attached to C,. In order to establish this point, an 
authentic specimen of 3-chloroallonorcholanic acid was prepared from 3-chloroadlocholanic 
acid (Windaus and Hossfeld, Z. physiol. Chem., 1925, 145, 177) according to the method 
of Wieland, Schlicting, and Jacobi (Z. physiol. Chem., 1926, 161, 80). This acid, m. p. 238° 
(regenerated from the ester), and its methyl ester, m. p. 176°, show strong depressions in 
m. p. on admixture with the corresponding compounds derived from chloroergostane. 
That, however, both acids possess the formula C,,H;,0,Cl is shown by the fact that reduc- 
tion of their esters with sodium and propyl alcohol gives one and the same a//onorcholanic 
acid identical in physical properties with that described by Chuang (loc. cit.). 

These results, which definitely prove that the acid of m. p. 213° from chloroergostane 
is not 3-chloroadlonorcholanic acid, admit of only two possible interpretations. Either a 
cis-trans isomeric change has occurred during the chlorination of one or other of the 
sterols, or alternatively the hydroxyl group in ergosterol is attached to a different carbon 
atom from that in cholesterol. Of these two possibilities we regard the former as the less 
probable, for it is difficult to believe that phosphoryl chloride should exhibit selective 
action with two such closely related secondary alcohols. 

With the object of eliminating the possibility of stereoisomeric change it is our inten- 
tion to degrade both methoxyergostane and methoxycholestane to their corresponding 
allonorcholanic acids. Further, we are also engaged in the attempted preparation of 
other chloroadlonorcholanic acids in order to compare these compounds with the acid 
derived from chloroergostane. 

EXPERIMENTAL. 


Chloroergostane.—Dried ergostanol was triturated with phosphoryl chloride according to the 
method of Reindel and Walter (Annalen, 1928, 460, 212). After the reaction had ceased, the 
mass was thoroughly digested with hot water for 14 hours, taken up in ether, washed with 
dilute sodium carbonate solution, dried, and evaporated. Crystallisation of the slightly 
coloured residue first from ether—alcohol and then from benzene-alcohol yielded chloroergostane 
in flattened needles having a constant m. p. 117—119° (Reindel gives m. p. 119—-121°). Yield 
50%. 

?-Chloroallonorcholanic Acid.—A solution of the above chloride (6 g.) in glacial acetic acid 
(240 c.c.) was treated at 95° during 3} hours with a solution of chromic anhydride (18 g.) in 
water (9 c.c.) and glacial acetic acid (36 c.c.). The whole was then maintained at the same 
temperature with mechanical stirring for a further 5} hours, The cooled solution was diluted 
slightly with water, reduced with sulphur dioxide, concentrated under reduced pressure to a 
thick syrup to remove acetic acid, taken up in water, and thoroughly extracted with ether. 
The extract was first washed with water and then with 10% potassium hydroxide solution, 
when an infilterable precipitate of the potassium salt separated at the interface. This was 
drawn off with the alkaline layer and removed by centrifuging. The crude salt was purified 
by repeated centrifuging with water and finally by digestion with ether. The free acid was 
obtained by shaking a suspension of the salt in ether with dilute hydrochloric acid; the 





1412 Studies in the Sterol Group. Part XVIII. 


ethereal solution was washed, dried, and evaporated, yielding an oil which separated in solid 
form from acetic acid or aqueous acetone. As it was found impossible to purify further the 
acid at this stage by direct crystallisation, it was reconverted into its potassium salt, which 
was further purified by centrifuging, etc. The acid regenerated as before was twice crystallised 
from ether-light petroleum (m. p. 205—208°) and then twice from glacial acetic acid, from 
which it separated in long glistening needles, m. p. 213—-214°. The acid is easily soluble in 
ether, acetone, and hot acetic acid and very sparingly soluble in light petroleum; it forms an 
unstable ammonium salt. The yield of pure acid was extremely -small (0-1 g. from 18 g. of 
chloroergostane) (Found: C, 72-7; H, 10-0; Cl, 9-7. C,,;H;,0,Cl requires C, 72-5; H, 9-7; 
Cl, 93%). From the neutral portion of the oxidation product, 3—4 g. of unchanged chloro- 
ergostane were recovered. Acidification of the centrifuged alkaline liquors yielded an oily 
acid which has not yet been investigated. 

The above procedure must be strictly adhered to in order to obtain reproducible results. 
In one experiment, in which the conditions of purification were slightly altered, the only pro- 
duct obtained was a minute quantity of a chlorine-free acid, m. p. 219—221° (methyl ester, 
m, p. 81°). Analysis of this showed it to be a dicarboxylic acid, probably identical with the 
acid (m. p. 217—219°; methyl ester, m. p. 81—83°) obtained by Reindel by oxidation of 
ergostanol (Found: acid, C, 75-3; H, 10-4; ester, C, 76-0; H, 10-8. C,,H,,O, requires C, 
75-0; H, 10-7%. CggH;,0, requires C, 75-7; H, 10-9%). It would thus appear that ring 
scission between the >CHCI-CH,-group occurs to some extent during the oxidation. 

Methyl ?-chloroallonorcholanate, obtained by treatment of the acid with ethereal diazo- 
methane, crystallised from either chloroform—methyl alcohol or aqueous ethyl alcohol in long 
needles, m. p. 158—159° (Found: C, 73-3, 73-3; H, 9-5, 10-0; Cl, 9-1; OMe, 7-7. C.gH 3,0,Cl 
requires C, 73-0; H, 9-9; Cl, 9-0; OMe, 7-9%). 

Cholesteryl Chioride.—The following procedure was found to be satisfactory for the prepar- 
ation of this compound in bulk. Recrystallised cholesterol (320 g. of m. p. 147°) was treated 
in 20 g. portions with thionyl chloride (13—14 c.c.) and left for 1l hours. The reaction product 
was taken up in methyl alcohol (50 c.c. per portion), and the cold solid filtered off, washed once 
with methyl alcohol, and well pressed. After two recrystallisations of the whole from acetone 
(2000 c.c.) the pure chloride was obtained in stout prisms, m. p. 95° (yield, 80%). 

3-Chloroallocholanic Acid.—For the oxidation of chlorocholestane it was found con- 
venient to work with the quantities given below (compare Windaus and Hossfeld, /oc. 
cit.). A solution of chlorocholestane (m. p. 112—113°) in quantities of 10 g. in glacial acetic 
acid (250 c.c.) was oxidised with chromic anhydride (30 g. in 40 c.c. of water) added during 
3 hours, heating being then continued for a further 4 hours (stirring and temperature of 95° 
throughout). The solution was worked up as described in the oxidation of chloroergostane, 
and the pure acid obtained in needles, m. p. 175—176° after two or three crystallisations from 
acetic acid (95%). The yield of pure acid was only about 2% of the weight of chlorocholestane 
taken, but about 25% of the latter was always recovered unchanged. 

Methyl 3-Chloroallocholanate.—Windaus and Hossfeld record m. p. 128° for this compound. 
We now find that esterification (diazomethane) of the pure acid yields an ester having m. p. 
133—134°. If, however, the reaction were carried out with a rather impure specimen of the 
acid, the m. p. of the ester could not be raised above 128—130°. Hydrolysis of this material, 
however, with alcoholic potassium hydroxide gave an acid which could now be obtained in 
pure form, and on re-esterification gave the pure ester, m. p. 133—134° (Found for ester, m. p. 
133—134°: C, 73-6; H, 10-1; Cl, 8-8. Calc. for C,;H,,O,Cl: C, 73-4; H, 10-0; Cl, 8-7%). 

3-Chloroallonorcholanic Acid.—Methyl 3-chloroa/locholanate (0-5 g.) in ether (16 c.c.) was 
added to a Grignard solution prepared from magnesium turnings (0-1 g.) and bromobenzene 
(0-7 g.) in ether (4 c.c.), and the mixture refluxed for 3 hours; the ether was then driven off, 
and the product heated at 100° for 3 hours, decomposed under ether with dilute sulphuric 
acid, washed, evaporated, and steam-distilled. The non-volatile diphenylcarbinol was dis- 
solved in ether, dried, and after removal of solvent obtained as a yellow gum which could 
not be crystallised; it was insoluble in methyl alcohol, moderately soluble in acetic acid, and 
dissolved readily in ether, ethyl acetate and light petroleum. 

The diphenylcarbinol was therefore oxidised directly in glacial acetic acid solution (8 c.c.) 
at 87° with chromic anhydride (1 g.) in water (1 c.c.) and glacial acetic acid (4 c.c.) added 
during 14 hours with frequent shaking. After a further 1} hours at the same temperature 
the solution was cooled and worked up in the manner already described. The Grignard reaction 
and oxidation were repeated several times with different quantities of ester (reagents in pro- 
portion) and gave the same results. 3-Chloroallonorcholanic acid was obtained after two 
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crystallisations from acetic acid (in which it was less soluble than the acid, m. p. 213—214°) 
in glistening prismatic needles, m. p. 232—234°. A satisfactory analysis could not be directly 
obtained, since the acid held firmly some acetic acid of crystallisation, but after regeneration 
from its.methyl ester and crystallisation from ethyl acetate it had m. p. 238° and was solvent- 
free (Found: C, 72-4; H, 10-0; Cl, 9-3. C,3H,;,0,Cl requires C, 72-5; H, 9-7; Cl, 9-3%). 

Methyl 3-chloroallonorcholanate, obtained from the acid by means of ethereal diazomethane, 
crystallised from chloroform—methyl alcohol in long needles, m. p. 176° (Found: C, 72-8; 
H, 98; Cl, 9-2. C,,H3,0,Cl requires C, 73-0; H, 9-9; Cl, 90%). A mixture of this ester 
with the isomeride from chloroergostane had m. p. 135—140°. 

alloNorcholanic Acid.—(1) From 3-chloroallonorcholanic acid. The methyl ester of this acid 
(45 mg., m. p. 176°) was refluxed in -propyl alcohol (50 c.c.) at 105—115°. Sodium (5 g.) 
was added in small pieces during 14 hours, and heating was continued for a further 14 hours. 
The propyl alcohol was removed in steam after dilution, and the solid residue was filtered off, 
acidified with dilute sulphuric acid, extracted with ether, and washed with water. The 
ethereal solution was then shaken with 10% potassium hydroxide solution, whereby a pre- 
cipitate of potassium a//onorcholanate was produced. This was removed, acidified with dilute 
sulphuric acid, and the acid taken up in ether. Evaporation of the washed and dried extract 
yielded a crystalline residue. which after two crystallisations from acetone had a constant 
m. p. 170—170-5° and formed glistening plates. Chuang (/oc. cit.) records m. p. 170° for 
allonorcholanic acid. " 

(2) From ?-chloroallonorcholanic acid (from chloroergostane). The ester, m. p. 158—159° 
(13 mg.), was reduced in a similar manner, The product after one crystallisation from acetone 
formed glistening plates, m. p. 168—169°, and a mixture of it with the product from (1) melted 


at 169—170°. ‘ 


We desire to express our thanks to the Department of Scientific and Industrial Research 
for a grant to one of us (J. C. E. S.) and also to Mr. W. F. Boston, who carried out the micro-— 


analyses. 
THE UNIVERSITY, LIVERPOOL. [Received, September 9th, 1933.] 





330. Partial Vapour Pressures and Refractivities of Mixtures of Benzene 
with Nitrobenzene, Phenol, Benzyl Alcohol, or p-Dichlorobenzene. 


By A. R. Martin and C. M. GEorcE. 


Tue work of Martin and Collie (J., 1932, 2658) on mixtures of benzene with some of its polar 
derivatives has been extended to two hydroxylic compounds, a substance of large dipole 
moment, and one whose moment is zero owing to the opposition of two equal moments. 


The method was the same as that of Martin and Collie (/oc. cit.). The partial vapour pressures 
of the polar compounds investigated form a very small fraction of the total pressure, and con- 
sequently the chief source of error lies in the analyses of the distillates, which were carried out 
by means of density measurements. In order to obtain accurate data for dilute solutions, the 
density of the pure benzene used as solvent in each run must be checked. The analysis of 
mixjures so rich in phenol and p-dichlorobenzene that solid separated on cooling was carried out 
by first diluting a known weight with a known weight of benzene, sufficient to bring the solid 
into solution. In the experiments with benzyl alcohol the air in the apparatus was replaced by 
carbon dioxide in order to minimise oxidation. The vapour pressures of pure nitrobenzene and 
benzyl alcohol, which were inclined to superheat, were verified by a static method. 

Purification of Materials.—Benzene and phenol, These were purified as described by Martin 
and Collie (/oc. cit.). 

Benzyl alcohol. The B.D.H. product was thoroughly shaken with aqueous potassium 
hydroxide and extracted with ether which had been freed from peroxides by silver nitrate and 
sodium hydroxide. After being washed, the extract was treated with saturated sodium 
hydrogen sulphite, filtered, washed, and dried over potassium carbonate. After removal of 
ether, the alcohol was distilled under reduced pressure and the middle fraction dried over lime 
which had been burnt in an atmosphere of nitrogen. Before use, it was again distilled in a 
vacuum. All the above operations were carried out in an atmosphere of nitrogen. Schiff’s 
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reagent indicated a barely detectable quantity of benzaldehyde, and this quantity was not 
increased during the vapour-pressure experiments with the material. 

Nitrobenzene. Benzene, purified by Richards and Shipley’s method (J. Amer. Chem. Soc., 
1919, 41, 2007), was nitrated, the temperature not being allowed to rise above 50°. After 
thorough washing, the nitrobenzene was dried first over potassium carbonate and calcium 
chloride and then over phosphoric oxide. Finally it was distilled twice under reduced pressure, 
the middle fractions being collected. 

p-Dichlorobenzene. B.D.H. “ purified ’’ material was recrystallised four times from aqueous 
alcohol and dried by passing pure dry air under reduced pressure through a column of the 
powdered substance packed in a wide glass tube. Finally, it was fractionated through a four- 
pear column and the fraction boiling over a range of 0-02° collected; m. p. 53-2°. 

Results.—The densities (d%"), refractive indices (n°), and the refractivities [PR.z]¢553 of mix- 
tures containing a molar fraction c of the polar component are recorded in Table I. The 


TABLE I. 
ax. am, [Releses- A. c. aq, nn, [Rrleses- A. 


Nitrobenzene—Benzene Mixtures. 
0°02844 0°88360 1:49476 26°170 +0°004 0°48464 1°04414 1°51950 29°050 
0°06856 0°89843 1°49705 26°418 +0-°013 0°54639 1°06312 1°52270 29°477 
0°14298 0°92609 1°50140 26°894 +0°012 0°65311 1:09687 1°52780 30°151 
0°24861 0°96388 150714 27°554 +0°027 0°82758 1°14910 1°53609 31°285 
0°33572 0°99399 1°51183 28:114 +0°025 1:00000 1°19849 1°54348 32°388 
0°34552 0O°99786 1°51225 28°157 +0-044 


Benzyl Alcohol-Benzene Mixtures. 
0°05162 0°88372 1°49561 26°292 +-0°020 0°41644 0°95182 1°51250 
009838 0°89231 1°49825 26615 —0°008 0°54908 0°97451 1°52001 
0711056 0°89502 1°49833 26670 +0°012 0°67562 0°99489 1°52296 
0713298 0°89923 1°49889 26°837 —0°015 0°86285 1°02230 1°52935 
0°25792 0°92306 1°50557 27:569 +0°133 100000 1°04127 1°53359 
0°27048 0°92481 1°50631 27°694 —0°033 


p-Dichlorobenzene—Benzene Mixtures. 
0°02907 0°88824 149451 26260 +0-00 021853 0°98100 1°50520 28159 +000 
0°05184 0°90102 1°49574 26°450 +0°04 0°31960 1°02655 1°51012 29°158 +40°00 
0:09951 0°92379 1°49855 26°965 +0-00 0°35521 1°04152 1°51164 29°519 +0°00 
0°12285 0°93483 1°49968 27°:156 +0°03 0°49095 1:09917 1°51819 30°851 +0°00 
0714462 0°94541 1°:50088 27°418 -+0°00 


refractivities are calculated for a molecular weight cM, + (1 — c)M,, where M, is the molecular 
weight of the polar component and M, that of benzene. The differences, A, are equal to Regio. — 
Robs., Where Regio, = Ryc + R,(1 — c), R, being the refractivity of the pure polar component 
and R, that of benzene. For p-dichlorobenzene, R,,),, was read off the best straight line through 
the observed points. The data for phenol mixtures have already been recorded (Martin and 
Collie, Joc. cit.). 

TABLE II. 


Csoln.- Caist.- P. p. Csoln.- Caist.- P. p. Csoln.- Caist.+ P, p. 
Nitrobenzene—Benzene Mixtures. Phenol-Benzene Mixtures. Benzyl Alcohol—Benzene Mixtures. 


00316 0°00057 528°7 0O- 0°0298 0°00174 530°0 0°92 0°03486 0°00079 525°1 0°42 
0°0510 0°00056 5617°6 0- 00322 0°:00207 530°1 1:10 0°06339 0°00153 516°4 0°79 
00653 0°00120 510°5 0: 0°0670 0°00347 511°9 1°78 0°07083 0°00138 513°9 
071280 0°00179 483°6 0O- 0°0812 0°0040 508°4 2°03 0°1129 0°00213 499°3 
02001 0°00365 444°8 1: 0°1136 0°0057 495°9 2°81 0°2464 0°00365 458°6 
0°2390 0°00421 423-7 1: 0°1291 0°00522 487°7 2°54 0°3903 0°00404 409°4 
0°4577 + 0°00971 3081 2: 0°1425 0°00630 482°2 3°04 0°4600 0°00455 389°1 
0°6138 0°0157 223°5 3: 0°2215 0:0077 459°8 3°54 0°4899 0°00444 370°1 
0°6732 0°0218 181°4 3-96 0°4033 0°01164 405°8 4°74 0°6195 0°00760 300-7 
0°8134 0°0480 99°6 4: 0°4231 0°0120 392°2 4°71 0°8272 0°0118 147°8 
0°8381 0°0587 773 4: 0°5885 0°01905 319°5 6°08 10000 — 2-1 
1-0000 — 51 5 0°7300 0°0304 236°0 7:18 
1-0000 — 84 84 
p-Dichiorobenzene—Benzene Mixtures. 
0°01710 0°-00096 0°51 02123 0°01255 425-4 5°34 


004834 0°00243 1:25 0°2306 0°01365 415°6 5°66 
O'1119 0°00599 2°88 0°3608 0°02718 3392 920 
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Table II gives the partial vapour pressures of the polar components (/) and the total pressures 
(P) (in mm. of mercury at 0°), and the compositions of the solutions (Cgojy,) and distillates (cgist.) 
in molar fractions of the polar components, all at 70°. 


DISCUSSION. 


The values of the differences A in Table I show that the only approach to a systematic 
departure of the partial molal refractivities from constancy occurs in the case of nitro- 
benzene mixtures. In the work of Martin and Collie (loc. cit.) similar behaviour was 
observed only with benzonitrile. Of all the substances investigated, these two have the 
largest dipole moments, and therefore are the two in which mutual deformation of the 
molecules is most likely to occur at higher concentrations. 

Intermolecular forces in liquids may be of three kinds: (1) van der Waals cohesive 
forces of wave-mechanical origin, (2) inter-dipole (or more generally inter-multipole) forces, 
and (3) co-ordinate links between donor and acceptor atoms in different molecules. It 
appears likely that in order to account for the thermodynamic properties of liquid mixtures 
both (1) and (2), and perhaps in some cases (3), must be considered. 

The van der Waals forces, which are responsible for the cohesion of such liquids as 
benzene and hexane, have been interpreted on a basis of wave mechanics by London (Z. 
Physik, 1930, 68, 245; Z. physikal. Chem., 1930, 11, B, 222). In substances of similar 
structure under similar conditions their contribution to the free energy of a molecule 
increases additively as groups are added to the molecule. This additivity is probably the 
cause of the success of Langmuir’s principle of independent surface action in describing the 
properties of liquid mixtures in cases where dipolar forces are either absent or roughly 
the same in both liquids (Smyth and Engel, J. Amer. Chem. Soc., 1929, 51, 2646, 2660 ; 
Butler, Thomson, and Maclennan, this vol., p. 674). 

That dipolar forces are of the order of magnitude required to account for the properties - 
of mixtures of a polar and a non-polar, but otherwise similar, liquid, appears probable 
from the present work and that of Martin and Collie (loc. cit.). The standard state adopted 
for the polar substance is that in extremely dilute solution in the non-polar solvent. Con- 
sequently, ideal partial vapour pressures are represented by the tangent to the partial vapour 
pressure—-concentration curve of the polar liquid in the limit of zero concentration. The 
work of transferring the polar molecule from a medium of dielectric constant equal to that 
of the mixture (or pure liquid) considered to one of dielectric constant equal to that of the 
non-polar liquid is put equal to the work of transferring the molecule from the real to an 
ideal solution. The radius of the molecule required to give the correct result depends on the 
exact nature of the model adopted, but both the model of Martin (Phil. Mag., 1929, 8, 550) 
and that of Bell (Tvans. Faraday Soc., 1931, 27, 799) give values of the correct order of 
magnitude (a and a’ respectively in Table III). 


TABLE III. 

Substance. px 10%, D P| pi. a (A.U.). a’ (A.U.). 
Nitrobenzene€ — ....cceccccccseees 3°85 27°5 0°654 4°71 3°98 
ITE cntmishinncnanenansusienaeat 1-56 8 0°309 1-70 1°41 
Benzyl alcohol ..............+0+5 1°68 9-2 0°178 1-60 1-28 
p-Dichlorobenzene ............ 0-00 2°86 0°859 — —_ 
CRISTODCRSBMCS coceiccccsccsccece 1-57 5:2 0°849 3°04 2°37 


In Table III, u is the dipole moment, D the dielectric constant, and f/f; the ratio of the 
observed to the ideal vapour pressure. The data for chlorobenzene are those of Martin and 
Collie (loc. cit.) and the value of 8 for the dielectric constant of phenol at 70° has been 
assumed. Dielectric-constant data are not yet available for performing the calculation 
for any of the mixtures. 

Benzyl alcohol and phenol show a much bigger deviation from the ideal (i.e., are more 
associated) than nitrobenzene, although they both have smaller dipole moments and 
dielectric constants. Consequently, the values of a and a’ required for the first two sub- 
stances are much smaller than would be expected. According to Sidgwick (‘‘ The 
Electronic Theory of Valency,”’ 1927, p. 134) association in hydroxylic compounds takes 
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place by the formation of co-ordinate links between oxygen and hydrogen atoms in 
different molecules. Whilst this affords a qualitative explanation of the behaviour of 
benzyl alcohol and phenol, it is incapable of quantitative expression. The screening effect 
of neutral groups on a dipole is recognised as an important factor, and an alternative 
explanation is provided by the somewhat isolated position of the O-H dipole due to the 
smallness of the group and the angle of about 90° between the valencies of oxygen. This 
view is supported by the trend of a and a’ for the hydroxylic compounds towards the value 
for a hydroxyl group. 

Since the dipole moment of #-dichlorobenzene is zero, it should, according to the simplest 
form of the dipole theory, form ideal mixtures with benzene. The small deviation observed 
may be due to van der Waals forces. However, these cannot be entirely responsible for 
the deviations of both #-dichlorobenzene and chlorobenzene, for if so the deviation of the 

Cl former should, according to the additivity principle (p. 1415), be distinctly 

greater than that of chlorobenzene. Since the deviations are about the same, 

the dipolar forces in chlorobenzene compensate for the van der Waals forces 

being smaller, and therefore the former are, in chlorobenzene at least, com- 

Cl parable in importance with the latter. Complex orientation of the type 

shown in the inset may to a certain extent be responsible for the association of 

ac Yel p-dichlorobenzene. If so, the réle assigned to dipolar forces in chlorobenzene 
must be increased, not diminished. 


SUMMARY. 


1, Partial vapour pressures (at 70°) and refractivities (at 25°) of mixtures of benzene 
with nitrobenzene, phenol, benzyl alcohol, or #-dichlorobenzene have been measured. 

2. The hydroxylic compounds are much more associated than the others, and #-di- 
chlorobenzene is slightly associated. 

3. The results are discussed from the point of view of dipolar and van der Waals forces. 


The apparatus had been previously purchased with a grant from the Carnegie Trust. One 
of us (C. M. G.) thanks the University of Aberdeen for a Robbie Scholarship. 


UNIVERSITY OF ABERDEEN. [Received, August 30th, 1933.] 





331. The Ternary System Mercurous Oxide—Nitrogen Pentoxide—Water. 
By Henry G. DENHAM and CLIFFORD V. FIFE. 


Much confusion exists in the literature concerning the salts of mercurous oxide and nitric 
acid, more than thirty different compounds having been described, most of them of a 
basic nature (Mellor, ‘‘ Treatise on Inorganic and Theoretical Chemistry,’’ Vol. IV, p. 988). 
Of the methods recorded, that used by Cox (Z. anorg. Chem., 1904, 40, 146) is alone likely 
to have led to the isolation of anything in the nature of a definite chemical compound, 
and even his procedure can scarcely be relied upon to give incontrovertible evidence of 
the chemical identity of the basic salt obtained. A study of the above system at 25° 
was therefore undertaken by the Schreinemakers “‘ residue method ”’ (Z. physikal. Chem., 
1893, 11, 76). 


In the case of the normal salt, mixtures of the required amounts of nitric acid, water, and 
finely ground mercurous nitrate were shaken in sealed glass bottles until equilibrium was 
established. For the preparation of basic salts two methods were used: (1) the nitrate was 
shaken with the necessary amount of water, (2) mercurous oxide was shaken with nitric acid. 
The mercurous oxide was prepared, as required, by the action of aqueous sodium hydroxide on a 
solution of mercurous nitrate containing excess of nitric acid. The precipitation and washing 
were done at 0° and all operations were carried out in a dark room. Every endeavour was 
thus made to prevent auto-oxidation of the oxide prior to use. Rapid formation of a precipitate 
of uniform appearance took place, but the mixtures were always shaken for 4 or more days 
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before analysis, considerably longer than experiments showed to be actually necessary. After 
filtration the solution and the wet solid were separately analysed. 

Analysis of the Solution.—A convenient fraction was treated with dilute nitric acid and 
electrolysed at 50° with a current density of 1 amp. per sq. cm., flag electrodes being used. 
For the estimation of the nitrate a modification of the Devarda method (Z. anal. Chem., 1894, 
33, 113) was rendered necessary through the formation of mercury—-ammonia compounds. It 
was found advisable to remove the mercury by adding an excess of concentrated sodium 
hydroxide solution, the precipitated oxide after thorough washing being rejected. The method 
was checked by the analysis of a solution of sodium nitrate shaken with mercurous oxide, and 
proved accurate. 

Analysis of the Solid.—The wet solid was stirred, first in the weighing-bottle and then in a 
beaker, with concentrated sodium hydroxide solution, the oxide removed, and the nitrate 
estimated in an aliquot part of the filtrate. The residue of mercurous oxide was dissolved in 
nitric acid, and an aliquot fraction taken for analysis : to compensate for the small but definite 
solubility of mercurous oxide, there was added to this solution of mercurous nitrate an equal 
fraction of the solution used for the nitrate estimation, and the mercury content was deter- 
mined. 

The results are in Table I. The percentage of water was obtained by difference. 


TABLE I. 
Solution. Wet solid. Solution. Wet solid. 
ranasnaitinDaplampearinn, ——— . Solid ———— catia. Solid 
D. Hg,O. N,O;. Hg,O. N,O;. phase. D. Hg,O. N,O;. Hg,O. N,O;. phase. 
1-039 3°03 1-00 61-1 7°80 1570 31°40 12°12 68°20 18°37, 








1058 4°64 1-40 52°40 7°20 1557 31°00 12°10 67°60 18°14 

1-058 4°71 1-43 61°80 8°35 1447 26°88 12°27 67°60 18°36 

1-060 4°85 1-50 52°95 7°00 >A 1:436 24:93 12°67 66°13 18°00 D 

1-082 655 2°30 64°10 8°25 1396 22°30 12°87 65°40 18°37 (* 

1-095 7°57 2°44 67°48 8°80 1394 22°13 13°00 66°65 18°50 

1-113 8°66 3°01 71°20 9°65 1-382 21°21 13°30 66°30 18°39) 

1-117 9710 3°20 68°00 10°08 AB 1368 20°16 13°30 65°25 18°27 

1-117 914 3°24 65°13 9-95} ‘ 1359 19°25 14:00 64°83 18°50 a-and p-D 
1139 10°46 3°61 69°90 10°90 1364 19°51 14°35 


ae rae 
1366 19°63 14°53 65°80 18°53 
1374 19°93 14°63 66°83 18°68 
1455 22°97 15°84 65°80 18°82\a-D 
1:464 23°30 16°20 66°86 18°80 {metastable 
1563 27°65 17°20 65°35 18°75 
1-638 30°80 18°00 62°10 18°80 
1-781 34°88 19°35 64:20 19°30/ 
1-485 26°38 13°29 —_ ) 
1-468 25°38 13°30 68:12 18°60 
1442 24:22 13°55 66°00 18°35 
1372 20°18 13°81 — _ 
1405 22°12 13°82 67°60 18°62 
1365 19°84 13°87 — _— 
1364 19°62 13°90 — — 
1359 19°25 14:00 64°85 188 , 
-D 


o 


1200 15°10 5°44 66°25 Ill: 
1-227 15°90 5°68 66°10 
1-275 18°42 6°60 67°50 11°40 
1328 21-10 7°70 61°80 11°45 
1366 23°53 8°22 68°90 11°98 
1-450 27°28 9°61 70°53 = 12°47 
1:465 27°87 9°80 64:90 12-07 
1-502 29°30 10°40 68°20 13°55 
1503 29°33 10°47 69°55 12°61 
1510 29°70 10°50 71:52 14°82 
1517 29°86 10°69 65°95 14:20 
1527 30°18 10°75 69°15 14:20 
1565 31°76 11°20 68°70 14-64 
1608 32°98 11°78 69°47 16°68 
1608 33°01 11°80 68°10 15°63 
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1358 18°17 16°30 65°58 18°82 
1-426 20°66 17:70 66°50 18°70 


In Table I and Fig. 1, A represents 2Hg,O,N,0;,H,O, B is 5Hg,0,3N,0;,3H,O, C is 
4Hg,0,3N,0,,H,O, and D is Hg,(NO ),,2H,O, which exists in an «- and a B- form (see p. 1418). 
A number of the basic solid phases prepared from mercurous oxide were somewhat grey in 
appearance—a point also noted by Cox—probably owing to the presence of mercury resulting 
from slight decomposition of this unstable oxide. 

In view of the restricted area in which each basic salt exists, it was deemed advisable to 
confirm the degree of hydration of the basic nitrate as interpreted from the graph by preparing 
the dry solid in a reasonable state of purity. This was done by placing a thin layer of the wet 
solid on a porous plate, and a crucible containing some of the equilibrium solution, in a desiccator 
at 25°; after 48 hours the plate was removed and the solid analysed. In Table II the two 
samples of each basic salt analysed were taken from different complexes. The water content 
of the hydrated normal nitrate could be estimated accurately from the tie-lines, but a single 
porous-plate sample was prepared and analysed for comparison. 

These results confirm those indicated by the graphical method of triangular co-ordinates. 
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TABLE II. 


%, cale. %, found. 


Phase, .  N,O, Hg,O. N,0,. 
2Hg,0,N,0,,H,O 11-25 . 86°31 11°86 
11-25 86°40 11°78 

13°15 . 84-42 13-29 

U ‘ 13-15 84-42 13°37 
4Hg,0,3N,0,,H,O 16°10 83-20 15-98 








”” ”” 16°10 4 82°81 16°24 
Hg,(NO,),,2H,O 19°24 : 74:15 19°35 


Fic. 1. 























The monohydrated mercurous monoxynitrate, Hg,O,Hg,(NO,),,H,O, already described by 
Cane (Trans. Irish Acad., 1838, 19, 1), is probably the same salt as that described by Lefort 
(J. Pharm. Chim., 1845, 8, 5), who attributes to it two molecules of water. The trihydrated 
mercurous dioxytrinitrate, 2Hg,0,3Hg,(NO;),,3H,O, is new, and the monohydrated monoxytri- 
oo Hg,O0,3Hg,(NO,),,H,O, has been described by de Marignac (Ann. Chim. Phys., 1849, 
, 332). 
Fig. 1 indicates the existence of two forms of the hydrated normal nitrate, Hg,(NO,),,2H,O 
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(compare Cox, Joc. cit., for HgNO;,H,O), but no confirmation of the numerous hydrates postu- 
lated by Reuss (‘‘ Beitrage zur Kenntnis der salpetersauren Quecksilber-oxydulsalze,” Freiburg, 
Dissertation, 1886) was obtained. Both the a- and the $-modification belong to the ortho- 
thombic system and are tabular in the plane of the latera] axes. In the $-form the only faces 
developed in addition to the basal planes are prism faces and macropinacoids. The «-form is 
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characterised by the presence of brachydomes, brachypinacoids, and pyramid faces in addition. 
The @-crystals also show a tendency to crystallise in half-forms, possibly hemimorphic. The 
solubility curves of each form can be followed into the metastable region. Confirmation of the 
conclusions concerning these two modifications arrived at from Fig. 1 is afforded by Fig. 2, 
wherein the density (D) of the solution is plotted against the percentage of ‘‘ total N,O,; ”’ in 
the solution. 


CANTERBURY UNIVERSITY COLLEGE, 
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332. Synthesis of d- and of 1-Ascorbic Acid and of Analogous 
Substances. 


By R. G. Autt, D. K. Barrp, H. C. Carrincton, W. N. Hawortu, R. HERBERT, 
E. L. Hirst, E. G. V. PeErctvaAt, F. Smitu, and M. STACEY. 


THE co-operation of the Birmingham Chemical Laboratories with Professor Szent Gyérgyi 
of the University of Szeged, Hungary, has resulted in the publication of the detailed proof 
of the constitution of ascorbic acid by Herbert, Hirst, Percival, Reynolds, and Smith (this 
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vol., p. 1270) and we are greatly indebted to Professor Szent Gyérgyi and his collaborators 
for the facilities provided in the way of materials. The constitutional formula which is 
now generally accepted was first proposed by E. L. Hirst (J. Soc. Chem. Ind., 1933, 52, 
221; March 10th). The analytical work of Hirst and his co-workers had revealed the 
groups associated with each carbon atom, and in the latter communication the new lactone 
ring structure was advanced for the first time. We then embarked upon a series of experi- 
ments directed to the synthetic preparation of both d- and /-ascorbic acid from d- and /- 
xylosone. A preliminary account of these syntheses has already been communicated 
(Haworth and Hirst, J. Soc. Chem. Ind., 1933, 52, 645; Aug. 4th): the complete account, 
including also the synthesis of an analogue of ascorbic acid from glucosone, is now submitted 
(compare Reichstein, Griissner, and Oppenauer, Naiure, 1933, Aug. 19th, p. 280). 

The provision of the initial materials, namely, the d- and /-forms of xylosone, in sufficient 
quantity for the projected syntheses has involved the labour of a team of workers over many 
months. The chief losses in the yield of the final product occurred during these stages 
leading to the preparation of the xylosone. Thereafter, by the methods herein described, 
it has been found possible to isolate the d- and /-ascorbic acid in a yield of upwards of 70% 
of the theoretical. We have found that the best conditions to attain this end are to ascend 
the series from xylosone (I) to the 8-keto-nitrile (II) by placing xylosone in contact with 
potassium cyanide and calcium chloride. The reaction involving the addition of hydrogen 
cyanide proceeds to completion in the course of a few minutes with the almost simultaneous 
hydrolysis to the @-keto-acid (III) and the instantaneous elimination of ammonia. The 
product (III) can exist in many forms, both enolic and keto, and is also capable of lactonis- 
ation. This intermediate product (III), although capable of reducing acid iodine solution, 
does not possess the properties of ascorbic acid and we have for reasons indicated below 
designated it y-ascorbic acid. It exhibits a different absorption spectrum from that of 
ascorbic acid, and gives rise to a different osazone. Its conversion into ascorbic acid 
proceeds quantitatively in the presence of 8% aqueous hydrochloric acid at 40—50°. 
The isolation of the d- and /-forms of ascorbic acid from the preparation in which either 
enantiomorph of xylosone has been employed is effected by the removal of such mineral 
salts as are formed in the process and the product in either case is isolated in good yield and 
with considerable ease as a highly pure crystalline specimen. 


CH,(OH): eae CH(OH)-CO-CHO —-» CH,(OH)-CH(OH)-CH(OH)-CO-CH(OH)-CN 
(I.) (II.) 


CH,OH CH,-OH ag HO-H,C-(OH)HC 
CH(OH)CH-OH_ CO,H__. — (OH): O Sa (OH)-CH ob, 
>C— SC=C¢ SC=C¢ 
HO H HO’ ~SOH HO’~ ~\OH 
(III.) (IV.) (V.) 





O 
(VI.) CH,(OH)-CH-CH(OH)-CO-CH-CO,H 


The formulation of natural ascorbic acid (which is the /-variety) by the constitutional 
formula (IV) (Hirst and co-workers, loc. cit.) receives strong experimental support from the 
synthesis which is now communicated. 

By an analogous procedure glucosone has given rise to a crystalline product having 
properties which are almost identical with those of ascorbic acid. Its constitution is 
represented by (V) on the analogy of the structure which has been determined for ascorbic 
acid. It may provisionally be claimed to be 3-keto-glucoheptonofuranolacione. This 
structure is dependent upon the similarity in properties to ascorbic acid and the similar 
procedure involved in its synthesis. 

All these synthetic products are being submitted to physiological tests. 

A constitutional formula (VI) which we had earlier considered and rejected was at one 
time advanced by Micheel (Nature, 1933, 131, 274). He has since abandoned this formula 
in favour of that proposed by Hirst and his co-workers (loc. cit.). But in the interim a 
communication by Reichstein, Griissner, and Oppenauer (Helv. Chim. Acta, 1933, 16, 
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561) appeared to give support to this formulation. As was pointed out by one of us 
(Haworth, J. Soc. Chem. Ind., 1933, 52, 482), an erroneous interpretation was given to the 
mechanism of the reaction involved in the synthesis of the d-enantiomorph of acetone 
ascorbic acid, and the Swiss authors have now accepted the interpretation which supports 
the constitution (IV) for ascorbic acid (private communication from Dr. Reichstein). 


EXPERIMENTAL. 


Preparation of d- and |-Xylosone.—As these preparations have not been described in the 
literature, the following directions are given (compare Fischer, Ber., 1889, 22, 87). 

Finely-powdered dry d- or /-xylosazone (10 g.) was mixed with 90 c.c. of concentrated 
hydrochloric acid at 15°, and warmed quickly to 40° (vigorous shaking) until a clear dark red 
solution was obtained. This was immediately cooled to 25°, kept at this temperature for 10 
minutes, and then cooled in a freezing mixture (ice and salt) for 15 minutes. The crystalline 
phenylhydrazine hydrochloride which separated was removed by filtration through glass wool 
and washed with a little concentrated hydrochloric acid. The filtrate was diluted with water 
(1 1.), neutralised with lead carbonate, and filtered. The pale yellow filtrate was cooled to 0° 
and made just alkaline with barium hydroxide. The lead hydroxide complex of xylosone which 
was precipitated as a pale yellow compound was washed twice by decantation and collected on 
a centrifuge. The lead compound was stirred into 60 c.c. of water containing 2-5 g. of sul- 
phuric acid. The excess of acid was neutralised with barium carbonate, charcoal added, and 
the liquid filtered. The amount of xylosone in solution (estimated as xylosazone) was 0-35 g. 

Synthesis of d- and \--Ascorbic Acid.—Xylosone (2 g.) in water (350 c.c.) was mixed with 
an aqueous solution containing calcium chloride (1-6 g.) and potassium cyanide (1-2 g.). A 
gentle stream of oxygen-free nitrogen was passed continuously through the liquid. There 
was an immediate evolution of ammonia and the course of the reaction was followed by titration 
of test samples with N/50-iodine in acid solution. The reaction was complete in 20 minutes. 
The calcium was precipitated with the equivalent of oxalic acid. A few drops of acetic acid were 
added to ensure that the filtrate was acid. The solution was concentrated at 35° under dimin- 
ished pressure in an atmosphere of carbon dioxide to a thick syrup containing, as estimated by 
iodine titration, 1-8 g. of y-ascorbic acid. The syrup was extracted with ethyl alcohol, and 
inorganic material removed by filtration. 

The absorption spectrum of the neutral syrup in aqueous solution showed a band at 275 mp 
which did not change on acidification (contrast with ascorbic acid). y-Ascorbic acid was con- 
siderably less stable than ascorbic acid, but was convertible into the latter as indicated below. 

A portion of the syrup (0-1 g.) was oxidised with iodine in acid solution, neutralised, then 
made acid again with acetic acid, and treated at 100° with phenylhydrazine. A yellow crystal- 
line osazone (0-1 g.) was formed, m.p. 210°. X-Ray crystallographic examination by Mr. E. G. 
Cox revealed that it was not identical with the corresponding osazone from ascorbic acid. 

Synthesis of d- and |-Ascorbic Acid.—The syrupy y-ascorbic acid (containing 1-8 g. of active 
material as estimated by the iodine titration) was dissolved in 20 c.c. of 8% hydrochloric acid. 
This solution was digested for 26 hours at 45—50° in an atmosphere of carbon dioxide. Its 
absorption spectrum then showed a band at 245 my in aqueous acid solution, moving to 265 mu 
on formation of the sodium salt. The intensity of the band indicated a concentration of ascorbic 
acid identical with that estimated by a titration with acid iodine (compare Herbert, Hirst, 
Percival, Reynolds, and Smith, /oc. cit.). 

The solution was diluted with oxygen-free water, and most, but not quite all, of the hydro- 
chloric acid removed by the addition of lead acetate (not basic). It is essential that the solution 
should remain acid at this stage. The lead was collected as sulphide, and the pale yellow solution 
concentrated to a thick syrup under diminished pressure at 35°. The syrup was extracted with 
dry ethyl alcohol and on the careful addition of dry ether to the alcoholic solution a considerable 
amount of inorganic material was precipitated. This operation was twice repeated. Evapor- 
ation of the solvents yielded a syrup which still contained inorganic impurity, although the whole 
was completely soluble in a little acetone. Addition of a large excess of dry acetone precipitated 
more of the mineral impurity. Ether was now added to the acetone solution until a permanent 
turbidity was observed and the solution was kept at 0° for 3 hours; a little syrup then separated. 
The decanted solution was concentrated at 30° in an atmosphere of carbon dioxide and gave a 
colourless crystalline mass of ascorbic acid (1-2 g.), which was pure after being washed with 
acetone. M.p. 190°. Its absorption spectra in aqueous acid and in neutral solution (c, 0-002) 
42z* 
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were identical with those of natural ascorbic acid (bands at 245 and at 265 my respectively; 
e, 7500). 

The above process represents the experiments carried out both for the synthesis of the d- 
and the /-form of ascorbic acid. The physical properties and analytical data shown by each 
enantiomorph are as follows : 

d-A scorbic acid (synthetic) (Found: C, 40-8; H, 4-9. Calc. for CsH,O,: C, 40-9; H, 46%). 
M.p. 190°. [a]}§° —48°. [a]}§,, —50° (in methyl alcohol; c, 0-75), []}fo —24° (in water; c, 1). 

l-Ascorbic acid (natural) (Found: C, 41-0; H, 47%). M. p. 190°. [a] +49°. [a],,., 
+650° (in methyl alcohol; c, 1-0), [a]5.59 +24° (in water; c, 1). 

l-Ascorbic acid (synthetic), m. p. 190° alone or when mixed with natural /-ascorbic acid, 
was in respect of all its properties indistinguishable from the natural product; its X-ray diagram 
was identical with that of the natural substance, and it had the same crystalline habit and 
highly characteristic refractive indices (E. G. Cox). 

Synthesis of an Analogue of Ascorbic Acid (from Glucosone). 3-Keto-d-glucoheptonofurano- 
lactone.—A solution of glucosone (3-5 g.) in 300 c.c. of water was mixed with a solution of calcium 
chloride (3-2 g.) and potassium cyanide (2-4 g.) in 50c.c. of boiled-out water. A stream of nitro- 
gen (oxygen-free) was passed through the liquid with the immediate evolution of ammonia. 
Test samples of the product were titrated with N /50-acid iodine, and the reaction was complete 
in about 10 minutes. By iodine titration the amount of ¥-3-keto-d-glucoheptonofuronolactone 
was estimated to be 3-0 g. An equivalent amount of oxalic acid was now added to remove the 
calcium, a few drops of acetic acid being added to the filtrate to maintain acidity. This was then 
concentrated to 20 c.c. in a current of carbon dioxide. A considerable volume of alcohol was 
now added and after keeping over-night a cream-coloured crystalline powder separated. 
This consisted chiefly of the ammonium and potassium salts of the y-acid, showing an absorption 
band at 275 my which did not change in acid solution. After acidification of this salt and 
oxidation with iodine it gave rise to a yellow osazone, m. p. 215°, which will be described later. 
The isolation of 3-keto-d-glucoheptonofuranolactone from the salt of the y-compound was carried 
out as follows: The crystalline salt was dissolved in 40 c.c. of 8% hydrochloric acid and 
digested at 50° for 24 hours. The solution now showed absorption bands at 245 my in acid and 
265 my in neutral solution. The hydrochloric acid was removed by the addition of lead acetate 
(not basic) and the lead in solution was precipitated as the sulphide, the pale yellow filtrate being 
concentrated under diminished pressure at 30°. At this stage also ammonium chloride was 
collected. Much of the inorganic matter was eliminated by alcohol-ether precipitation and the 
product was finally purified by trituration of the syrup with a large volume of dry acetone. 
Removal of the acetone yielded a crystalline mass, which was recrystallised by solution in 
acetone containing a few drops of ethyl alcohol and light petroleum. The crystals were larger 
than those of ascorbic acid and consisted of clusters of rods with pointed ends, m. p. 191° (Found : 
C, 41-0; H, 4:7. C,H, 0, requires C, 40-8; H, 4-85%). The yield was 2-5 g. [a]}8,, + 14° (in 
water; c, 1), + 22° (in methyl alcohol; c, 1). Iodine titration: 0-052 g. required 5-2 c.c. 
N /10-iodine. 

Preparation of 1-Xylosephenylosazone.—The initial material for this preparation was d- 
galacturonic acid. This is obtainable either by the method already described in the literature 
from citrus pectic acid (Link and Nedden, J. Biol. Chem., 1931, 94, 307) or from the diacetone 
galacturonic acid prepared by Ohle and Berend (Ber., 1925, 58, 2585). The following series of 
transformations is then required for the conversion of d-galacturonic acid into /-galactonic acid, 
lactone, /-galactonamide, /-lyxose, /-xylosephenylosazone. 

Reduction of potassium galacturonate to |-galactonic acid. The potassium salt (11 g.) of 
d-galacturonic acid in 250 c.c. of water was vigorously stirred at 15° with 480 g. of freshly pre- 
pared sodium amalgam (2-5%), the latter being added in 50 g. lots over a period of 5—6 hours. 
The alkaline solution was carefully neutralised with 50% sulphuric acid before each fresh ad- 
dition of sodium amalgam. After keeping over-night, the solution showed no reducing action 
towards Fehling’s solution. The mercury was separated, and the solution neutralised with 50% 
sulphuric acid and then filtered (charcoal). It was concentrated under diminished pressure to 
a thick syrup, which was poured into 1500 c.c. of 95% alcoho] maintained at 65°. The pre- 
cipitated sodium sulphate was extracted with hot alcohol and the filtrate and extracts were 
concentrated to 50 c.c., and any slight excess of sulphuric acid neutralised with barium carbonate. 
After filtration and complete evaporation the syrup was heated for 2 hours at 70° to complete 
the lactonisation. A portion of the lactone was crystallised for the purpose of identification, 
but the remainder was utilised as syrup, dissolved in dry methyl alcohol, and converted into /- 
galactonamide as follows : 
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Conversion of galactonolactone into |-galactonamide. When the methyl-alcoholic solution 
of the lactone was saturated at 0° with dry ammonia, there was an immediate precipitation of 
the amide. This was kept for several hours, collected, and recrystallised from ethyl alcohol- 
water, forming fine rods with pointed ends, m. p. 170°, [a]!§3 — 28° (in water; c, 1-0). 

Conversion of 1-galactonamide into |-lyxose. The method was that already described for the 
d-series by Weerman (Rec. trav. chim., 1917, 36, 16; compare Haworth and Hirst, J., 1928, 
1221). The lyxose was not isolated but was converted immediately by contact with phenyl- 
hydrazine into /-xylosephenylosazone, m.p. 158— 160°. Yield from 10 g. of /-galactonamide, 
4g. This was purified by repeated crystallisation, the losses being about 50%. 


The authors express thanks to the Government Grant Committee of the Royal Society for 
grants in aid of materials, and to Mr. E. Gordon Cox for his X-ray crystallographic examinations. 
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561) appeared to give support to this formulation. As was pointed out by one of us 
(Haworth, J. Soc. Chem. Ind., 1933, 52, 482), an erroneous interpretation was given to the 
mechanism of the reaction involved in the synthesis of the d-enantiomorph of acetone 
ascorbic acid, and the Swiss authors have now accepted the interpretation which supports 
the constitution (IV) for ascorbic acid (private communication from Dr. Reichstein). 


EXPERIMENTAL. 


Preparation of d- and |-Xylosone.—As these preparations have not been described in the 
literature, the following directions are given (compare Fischer, Ber., 1889, 22, 87). 

Finely-powdered dry d- or /-xylosazone (10 g.) was mixed with 90 c.c. of concentrated 
hydrochloric acid at 15°, and warmed quickly to 40° (vigorous shaking) until a clear dark red 
solution was obtained. This was immediately cooled to 25°, kept at this temperature for 10 
minutes, and then cooled in a freezing mixture (ice and salt) for 15 minutes. The crystalline 
phenylhydrazine hydrochloride which separated was removed by filtration through glass wool 
and washed with a little concentrated hydrochloric acid. The filtrate was diluted with water 
(1 1.), neutralised with lead carbonate, and filtered. The pale yellow filtrate was cooled to 0° 
and made just alkaline with barium hydroxide. The lead hydroxide complex of xylosone which 
was precipitated as a pale yellow compound was washed twice by decantation and collected on 
a centrifuge. The lead compound was stirred into 60 c.c. of water containing 2-5 g. of sul- 
phuric acid. The excess of acid was neutralised with barium carbonate, charcoal added, and 
the liquid filtered. The amount of xylosone in solution (estimated as xylosazone) was 0-35 g. 

Synthesis of d- and 1-4-Ascorbic Acid.—Xylosone (2 g.) in water (350 c.c.) was mixed with 
an aqueous solution containing calcium chloride (1-6 g.) and potassium cyanide (1-2 g.). A 

gentle stream of oxygen-free nitrogen was passed continuously through the liquid. There 
was an immediate evolution of ammonia and the course of the reaction was followed by titration 
of test samples with N/50-iodine in acid solution. The reaction was complete in 20 minutes. 
The calcium was precipitated with the equivalent of oxalic acid. A few drops of acetic acid were 
added to ensure that the filtrate was acid. The solution was concentrated at 35° under dimin- 
ished pressure in an atmosphere of carbon dioxide to a thick syrup containing, as estimated by 
iodine titration, 1-8 g. of y-ascorbic acid. The syrup was extracted with ethyl alcohol, and 
inorganic material removed by filtration. 

The absorption spectrum of the neutral syrup in aqueous solution showed a band at 275 mz 
which did not change on acidification (contrast with ascorbic acid). y-Ascorbic acid was con- 
siderably less stable than ascorbic acid, but was convertible into the latter as indicated below. 

A portion of the syrup (0-1 g.) was oxidised with iodine in acid solution, neutralised, then 
made acid again“with acetic acid, and treated at 100° with phenylhydrazine. A yellow crystal- 
line osazone (0-1 g.) was formed, m.p. 210°. X-Ray crystallographic examination by Mr. E. G. 
Cox revealed that it was not identical with the corresponding osazone from ascorbic acid. 

Synthesis of d- and |-Ascorbic Acid.—The syrupy y-ascorbic acid (containing 1-8 g. of active 
material as estimated by the iodine titration) was dissolved in 20 c.c. of 8% hydrochloric acid. 
This solution was digested for 26 hours at 45—50° in an atmosphere of carbon dioxide. Its 
absorption spectrum then showed a band at 245 my. in aqueous acid solution, moving to 265 my 
on formation of the sodium salt. The intensity of the band indicated a concentration of ascorbic 
acid identical with that estimated by a titration with acid iodine (compare Herbert, Hirst, 
Percival, Reynolds, and Smith, Joc. cit.). 

The solution was diluted with oxygen-free water, and most, but not quite all, of the hydro- 
chloric acid removed by the addition of lead acetate (not basic). It is essential that the solution 
should remain acid at this stage. The lead was collected as sulphide, and the pale yellow solution 
concentrated to a thick syrup under diminished pressure at 35°. The syrup was extracted with 
dry ethyl alcohol and on the careful addition of dry ether to the alcoholic solution a considerable 
amount of inorganic material was precipitated. This operation was twice repeated. Evapor- 
ation of the solvents yielded a syrup which still contained inorganic impurity, although the whole 
was completely soluble in a little acetone. Addition of a large excess of dry acetone precipitated 
more of the mineralimpurity. Ether was now added to the acetone solution until a permanent 
turbidity was observed and the solution was kept at 0° for 3 hours; a little syrup then separated. 
The decanted solution was concentrated at 30° in an atmosphere of carbon dioxide and gave a 
colourless crystalline mass of ascorbic acid (1-2 g.), which was pure after being washed with 
acetone. M.p. 190°. Its absorption spectra in aqueous acid and in neutral solution (c, 0-002) 
4Z 
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were identical with those of natural ascorbic acid (bands at 245 and at 265 my respectively ; 
e, 7500). 

The above process represents the experiments carried out for the synthesis of both the d- 
and the /-form of ascorbic acid. The physical properties and analytical data shown by each 
enantiomorph are as follows : 

d-A scorbic acid (synthetic) (Found: C, 40-8; H, 4-9. Calc. for C,H,O,: C, 40-9; H, 46%). 
M.p. 190°. [a]j° —48°. [a]!®,, —50° (in methyl alcohol; c, 0-75), {a]}§,, —24° (in water; c, 1). 

1-Ascorbic acid (natural) (Found: C, 41-0; H, 4:7%). M. p. 190° [a] +49°. [asc 
+50° (in methyl alcohol; c, 1-0), [0] 5:49 +24° (in water; c, 1). 

1-Ascorbic acid (synthetic), m. p. 190° alone or when mixed with natural /-ascorbic acid, 
was in respect of all its properties indistinguishable from the natural product; its X-ray diagram 
was identical with that of the natural substance, and it had the same crystalline habit and 
highly characteristic refractive indices (E. G. Cox). 

Synthesis of an Analogue of Ascorbic (from Acid Glucosone). 3-Keto-d-glucoheptonofurano- 
lactone.—A solution of glucosone (3-5 g.) in 300 c.c. of water was mixed with a solution of calcium 
chloride (3-2 g.) and potassium cyanide (2-4 g.) in 50c.c. of boiled-out water. A stream of nitro- 
gen (oxygen-free) was passed through the liquid with the immediate evolution of ammonia. 
Test samples of the product were titrated with N /50-acid iodine, and the reaction was complete 
in about 10 minutes. By iodine titration the amount of ¥-3-keto-d-glucoheptonofuranolactone 
was estimated to be 3-0 g. An equivalent amount of oxalic acid was now added to remove the 
calcium, a few drops of acetic acid being added to the filtrate to maintain acidity. This was then 
concentrated to 20 c.c. in a current of carbon dioxide. A considerable volume of alcohol was 
now added and after keeping over-night a cream-coloured crystalline powder separated. 
This consisted chiefly of the ammonium and potassium salts of the y-acid, showing an absorption 
band at 275 my which did not change in acid solution. After acidification of this salt and 
oxidation with iodine it gave rise to a yellow osazone, m. p. 215°, which will be described later. 
The isolation of 3-keto-d-glucoheptonofuranolactone from the salt of the y-compound was carried 
out as follows: The crystalline salt was dissolved in 40 c.c. of 8% hydrochloric acid and 
digested at 50° for 24 hours. The solution now showed absorption bands at 245 my in acid and 
265 my in neutral solution. The hydrochloric acid was removed by the addition of lead acetate 
(not basic) and the lead in solution was precipitated as the sulphide, the pale yellow filtrate being 
concentrated under diminished pressure at 30°. At this stage also ammonium chloride was 
collected. Much of the inorganic matter was eliminated by alcohol-ether precipitation and the 
product was finally purified by trituration of the syrup with a large volume of dry acetone. 
Removal of the acetone yielded a crystalline mass, which was recrystallised by solution in 
acetone containing a few drops of ethyl alcohol and light petroleum. The crystals were larger 
than those of ascorbic acid and consisted of clusters of rods with pointed ends, m.p. 191° (Found : 
C, 41-0; H, 4:7. C,H, O, requires C, 40-8; H, 485%). The yield was 2-5 g. [a]}§, + 14° (in 
water; c, 1), + 22° (in methyl alcohol; c, 1). Iodine titration: 0-052 g. required 5-2 c.c. 
N /10-iodine. 

Preparation of 1-Xylosephenylosazone.—The initial material for this preparation was d- 
galacturonic acid. This is obtainable either by the method already described in the literature 
from citrus pectic acid (Link and Nedden, /. Biol. Chem., 1931, 94, 307) or from the diacetone 
galacturonic acid prepared by Ohle and Berend (Ber., 1925, 58, 2585). The following series of 
transformations is then required for the conversion of d-galacturonic acid into /-galactonic acid, 
lactone, /-galactonamide, /-lyxose, /-xylosephenylosazone. 

Reduction of potassium galacturonate to |-galactonic acid. The potassium salt (11 g.) of 
d-galacturonic acid in 250 c.c. of water was vigorously stirred at 15° with 480 g. of freshly pre- 
pared sodium amalgam (2-5%), the latter being added in 50 g. lots over a period of 5—6 hours. 
The alkaline solution was carefully neutralised with 50% sulphuric acid before each fresh ad- 
dition of sodium amalgam. After keeping over-night, the solution showed no reducing action 
towards Fehling’s solution. The mercury was separated, and the solution neutralised with 50% 
sulphuric acid and then filtered (charcoal). It was concentrated under diminished pressure to 
a thick syrup, which was poured into 1500 c.c. of 95% alcoho] maintained at 65°. The pre- 
cipitated sodium sulphate was extracted with hot alcohol and the filtrate and extracts were 
concentrated to 50 c.c., and any slight excess of sulphuric acid neutralised with barium carbonate. 
After filtration and complete evaporation the syrup was heated for 2 hours at 70° to complete 
the lactonisation. A portion of the lactone was crystallised for the purpose of identification, 
but the remainder was utilised as syrup, dissolved in dry methyl alcohol, and converted into /- 
galactonamide as follows : 
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y Conversion of galactonolactone into |-galactonamide. When the methyl-alcoholic solution 
P’ of the lactone was saturated at 0° with dry ammonia, there was an immediate precipitation of 
the amide. This was kept for several hours, collected, and recrystallised from ethyl alcohol— 








I . . 
- water, forming fine rods with pointed ends, m. p. 170°, [a] ifs. — 28° (in water; c, 1-0). 
) Conversion of 1-galactonamide into |-lyxose. The method was that already described for the 
) ; d-series by Weerman (Rec. trav. chim., 1917, 36, 16; compare Haworth and Hirst, J., 1928, 
4 1221). The lyxose was not isolated but was converted immediately by contact with phenyl- 
- hydrazine into /-xylosephenylosazone, m.p. 158—160°. Yield from 10 g. of /-galactonamide, 
1, 4g. This was purified by repeated crystallisation, the losses being about 50%. 
rn The authors express thanks to the Government Grant Committee of the Royal Society for 
| grants in aid of materials, and to Mr. E. Gordon Cox for his X-ray crystallographic examinations. 
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. By Henry Bassett and JoHN T. LEMON. 
THE sodium silver thiosulphates are of interest in connexion with the photographic fixing 


process, but there is a difficulty in obtaining them pure. A discussion of the results of 
earlier work is given by Baines (J., 1929, 2763). Most investigators agree in reporting 
two double salts: (a) Na,Ag,(S,O3)3,2H,O, readily soluble and crystallising in clusters of 
lustrous platelets; (6) NaAgS,O,,H,O, sparingly soluble and crystallising in small hard 
pointed crystals. Baines, in common with other recent investigators, corrected the first 
to Na;Ag,(S,O5),,2H,O, and also definitely established the existence of NaAgS,O,,H,O, 

for which he gave crystallographic data. . 

Results of the Present Investigation.—The following four salts have been found capable 
of stable existence in contact with solutions of suitable composition at 25°: (1) 
Na,Ag(S,03).,2H,O or 3Na,S,0;,Ag,S,0,,4H,O, readily soluble in water, microscopic 
platelets of rhombs often with the acute angles truncated; (2) Na,;Ag,(S,O,),,2H,O or 
5Na,S.03,3Ag,5,03,4H,O, readily soluble, microscopic needles; (3) NaAg(S,O5),H,O or 
Na,S,03,Ag,5,03,2H,O, sparingly soluble, pointed granular crystals, readily observed by 
the naked eye; (4) NaAg,(S,O3).,H,O or Na,S,03,3Ag,S,03,2H,O, very slightly soluble, 
microscopic square or rectangular platelets which often have two opposite corners truncated. 

The apparent absence of any phenomena of metastability in this system, and the 
behaviour noted during the microscopic observation of the action of water on the salt 
(4) render it unlikely that any salts, other than those described, can exist in stable or 
metastable equilibrium at 25°. 

All the salts are colourless, non-congruent, and are comparatively stable in contact 
with mother-liquor with the exception of (4). 

Discussion of Results —Of the above four double salts, the first three have previously 
been reported by earlier investigators. 

(1) Nas,Ag(S,O5).,2H,O was obtained by Spacu and Murgulescu (Z. anorg. Chem., 1932, 
208, 157), who also reported the formation of Na,Ag,(S,O5)3,2H,O, anhydrous NaAgS,O,, 
and Na,Ag,(S,O3)3,4H,O, for none of which we could obtain any evidence. From 
its description as lustrous platelets, leaflets, etc., it seems not unlikely that the salt 
Na,Ag,(S,O3)3,2H,O reported by many earlier investigators consisted of Na,Ag(S,O3).,2H,O 
contaminated with some Na;Ag,(S,03),,2H,O. 

(2) Na;Ags(S,O3)4,2H,O had been definitely established by Baines (loc. cit.) and has 
been reported by Rosenheim and Trewendt as a trihydrate (Ber., 1928, 61, 1731). 

(3) NaAg(S,O,),H,O is the most definitely established, and was obtained by nearly 
all earlier workers. Its degree of hydration has been settled by Baines (loc. cit.) and 
confirmed in the present work. 

(4) Sodium trisilver thiosulphate monohydrate has not previously been reported. It 
has an extremely small range of existence, for it-is only formed within 1% of the H,O 
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point of the triangular diagram. It is the only one of the sodium silver thiosulphates to 
have an Ag/Na atomic ratio greater than 1/1; it is produced by the action of water, or 
more particularly of dilute (N/10) silver nitrate, on NaAgS,O;,H,O. 

Increasing insolubility and decomposition rendered it impossible to continue the 
solubility curve beyond the point for NaAg,(S,O).,H,O. 

Silver thiosulphate, Ag,S,O,, has only been obtained in the form of an unstable, insoluble, 
amorphous, white precipitate, and, probably owing to its instability, its analysis has never 
been reported. In contact with solution it gradually decomposes, the decomposition 
being greatly accelerated by the presence of excess of silver ions (Herschel, Edin. Phil. 
J., 1819, 1, 8, 396; 1820, 2, 154; Fogh, Compt. rend., 1890, 110, 709; Miiller, Z. anorg. 
Chem., 1924, 134, 202). 

Reported Isomerism of Sodium Silver Thiosulphates—Colourless and yellow sodium 
silver thiosulphates were reported by Meyer and Eggeling (Ber., 1907, 40, 1351). They 
were supposed to be isomerides, silver being attached to oxygen in the one case, and to 
sulphur in the other. Nothing of the kind was observed in the present investigation, and 
Jonsson (Ber., 1921, 54, 2556) found that the case was probably not one of isomerism since 
reaction with ethyl iodide indicated that the silver atom was attached to sulphur in both 
cases. The confusion is probably due to decomposition, since conversion of the colourless 
salt into the yellow isomeride was commonly effected by cautiously warming it with water. 

Colourless and yellow sodium cuprous thiosulphates undoubtedly exist, but are not 
isomeric. 

Nature of the Complex Salts.—It would appear that the complex ammonium, potassium, 
rubidium, or cesium silver thiosulphates are nearly all anhydrous (Rosenheim and Stein- 
hauser, Z. anorg. Chem., 1900, 25, 72; Meyer and Eggeling; Jonsson; Rosenheim and 
Trewendt, Jocc. cit.). This makes it probable that the water molecules in the sodium 
analogues are attached to this ion—probably as [Na,(H,O),] (Bassett and Sanderson, 
J., 1932, 1861). 

There can be no doubt from the general behaviour of the compounds that the thio- 


sulphate is present as a complex anion. The evidence for [Ag(S,O,),|’"’ seems fairly con- 
vincing (Bodlander, Ber., 1903, 36, 3933; Slator, J., 1905, 87, 489). This may be 
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with 4-co-ordinated silver, though it is perhaps more likely that the silver is 2-co-ordinated 
and linked only to the two sulphur atoms. The fact that complex thiosulphates decom- 
pose to give trithionate in addition to heavy-metal sulphide (Bassett and Durrant, J., 
1927, 1418) is strong evidence for such a structure for the complex anion, and the co- 
ordination number of the silver is of minor importance. 

The complex formation must be attributed to the extra sulphur atoms of the thio- 
sulphate ions, for sulphate ions have little tendency to form complexes—complex sulphates, 
as distinct from double sulphates, being very rare. For the latter reason it is unlikely 
that further linkages through oxygen atoms would occur to form chain anions containing 
more than one silver atom. It seems to follow from this that most of the compounds 
contain a portion of the silver in the kationic condition. The following constitutions appear 
to be the most likely for the four double salts dealt with in this paper. 

(1) Na‘[Nag(H,0),]"{(S,0,)Ag(S,0,)]"” 

(2) Nag*[Na,(H,O).]“Ag"[(S,03)Ag(S,03) ].”” 

(3) [Na,(H,0),)]"*Ag*[(S,03)Ag(S,O3) ]’” 

(4) [Na(H,O),]""Agy'[(S.03)Ag(S.05) a” 

This constitutes a series of compounds containing the same complex anion but an in- 
creasing proportion of silver kations. On this basis the most probable constitution for 
silver thiosulphate itself would be Ag;’[(S,03)Ag(S,O,)]’’’. The presence of free silver 
ion will cause instability in all cases, since it tends to settle on one of the sulphur atoms 
already attached to silver and so give rise to silver sulphide. Such action cannot readily 
occur with the dry solids, nor is it very liable to do so with compounds (1), (2), or (3) in 
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contact with their equilibrium solutions. These contain sufficient excess of thiosulphate 
ions to immobilise most of the silver ions escaping from the solid by converting them into 
[(S,0,)Ag(S,O0,)]’” ions. Solutions from which compound (4) or silver thiosulphate can 
separate contain so few thiosulphate ions that this protective effect is hardly noticeable 


and rapid decomposition occurs. 
EXPERIMENTAL. 


Preparation of Starting Materials.—The salt NaAg(S,O,;),H,O was used as starting material 
in all the experiments, and was prepared substantially according to Baines (/oc. cit., p. 2767). 
This author remarks that the reaction effected by sulphur dioxide is obscure. It seems probable 
that saturation of the solution with the gas brings about precipitation of NaAg(S,O,),H,O by 
destroying the excess of sodium thiosulphate which maintains it in solution, this salt being 
gradually converted into tri- or tetra-thionate (Bassett and Durrant, Joc. cit., p. 1440). 

Suitable mixtures, about 10 g. in all, were prepared, by weighing,. from Na,S,O;,5H,O, 
NaAg(S,O;),H,O, and water. These were placed in hard-glass solubility bottles closed by 
waxed corks, and were shaken in a thermostat maintained at 25° + 0-05° for 12 hours. A 
shorter time (minimum about } hour) had to be employed with the mixtures poor in sodium 
thiosulphate (see below). 

The contents of the bottles were filtered through a jacketed filter tube, and solution and moist 
solid were then analysed. Total thiosulphate was estimated by titration with N/10-iodine. 
To determine silver, the material was treated with 50—100 c.c. of water and 5 c.c. of con- 
centrated nitric acid, and the mixture simmered until it had become clear. Any sulphur re- 
maining undissolved was liable to contain a little silver sulphide, and was filtered off, washed, 
and ignited, and the residue dissolved in a little nitric acid and added to the main solution. 
The silver was then titrated with standard potassium thiocyanate. 

The percentages of sodium thiosulphate and silver thiosulphate were calculated from the 
results so obtained, and are recorded in the table and shown graphically in the Fig. 





Moist solid. 


a eenenenen Tt ere 
Na,S,03, AgeS,0,, NagS,03, Ag,S.0,, 


Satd. soln. 





Satd. soln. 
'N a,S,0,, Ag,S:05, 


Moist solid. 
‘NagS,0,, AgsS,0,, 











Nature of solid phase. 








Nature of solid phase. 





%- %: %: %: %: %: %: %- 

*43-15 0 63°70 0 a-Na,$,0;,5H,O 27°79 21°87 39:16 47°58 Na,Ag,(S,0,),,2H,O 
42°92 166 61°34 0-21 a 27°56 21-91 34:06 5629 Mixture point 
43:06 5°50 60°84 0°84 ‘ 27:24 21:64 29°72 61:09 NaAg(S,O,),H,O 
42:99 7:07 5814 1°89 20°04 17°42 30°02 60°51 os 
43°31 7:30 55°10 13°93 Mixture point 12°54 10°98 29°39 61°24 a 

42:27 813 50°93 29°76 NajAg(S,0,).,.2H,O 5°28 5°46 29°10 60°99 . 

41-48 8:90 51:22 30-98 a 1:82 2-46 29°60 60°66 

38-28 12°52 51:64 32-48 . 063 1:04 28-03 60°27 * 

36-49 15°81 50°38 32-96 Ms 061 1:04 28°75 64:88 Mixture point 
36°13 17°75 49°51 37:47 Mixture point 053 0-91 20°12 75:37 o 

35°98 17°76 48°96 36°86 vs 0°51 0:88 1638 80°65 in 

33°90 1862 40°43 42-48 Na,Ag,(S, 0) 2H O 0:43 0°75 13-91 8210 NaAg,(S,0,).,H,O 
32°40 19°36 38:08 37:28 029 0:55 1411 82°89 nt 


* Young and asthe, J. Amer. Chem. Soc., 1904, 26, 1417. 


Calculated compositions of double salts. 


Double salt. Na,S,0,, %. Ag,S,03, %. H,O, %. 
Ma AatS Oda BHD ccccccesecseesteccssosessee 54:26 37°50 8°24 
Ma Ade BED occcccccccccosevecssenes 42°83 53°28 3°89 
SETI a cinnpicresonvecsincesivinninne 30-29 62-79 6-92 
REMEE  sccdccavcenscedenspectaanee 83°50 3°08 





Difficulties due to Decomposition —The major portion of the diagram presented no experi- 
mental difficulties, but when it no longer became necessary to add additional sodium thiosul- 
phate to the NaAg(S,O,),H,O used in making up the solubility mixtures, decomposition manifested 
itself. The solubility mixtures lost their clean appearance after a few minutes, and became a 
dirty yellow-brown, owing to formation of colloidal silver sulphide. 

The increasing insolubility and decomposition ultimately necessitated a number of special 
precautions in order that trustworthy results might be obtained. It was necessary to increase 
the volume of the solubility mixture to 200 c.c. and to decrease the time of shaking to } hour, 
the amount of NaAg(S,O,),H,O added being finally reduced to 2 g. As it was desirable, on 
account of decomposition, that the latter salt should dissolve and reach equilibrium as rapidly 
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as possible, it was very finely ground in an agate mortar while the water, in the solubility bottle, 
was preheated to 25°. Sifting of the finely ground salt was unnecessary. 

The mixture was vigorously and repeatedly shaken and placed in the thermostat at intervals 
during 20 minutes and finally shaken in the thermostat for 10 minutes. 

The customary filtration apparatus could not be used, as the large volume of mixture and 
the presence of microscopic crystals and some colloidal silver sulphide rendered the filtration 
much too slow. The use of an ordinary Buchner funnel (previously heated a few degrees above 
the working temperature of 25°) with a hardened filter-paper supported on an ordinary one 
enabled filtration to be accomplished in about 6 minutes. The solid was rapidly dried by wash- 
ing 3 times with a little absolute alcohol, followed by 3 washings with a little diisopropyl ether, 
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and then dried at the pump for a few minutes while a portion of the filtrate was iodometrically 
analysed for thiosulphate as rapidly as possible on account of decomposition. The dry, finely 
divided solid could then be scraped off the hardened filter paper and analysed. 

It was thus possible by rapid drying to prevent further decomposition of the solid, and to 
ascertain by analysis the composition of the dry solid phase NaAg,(S,0,),,H,O. The solubility 
curve of this compound is so short that the tie-lines are practically coincident, and it is impossible 
to determine the composition of the dry solid phase from their common point of intersection. 

Washing with alcohol and ether did not alter the percentage composition of the dry solid. 

The amount of solid available for each analysis was small, a minimum of 0-05 g., so that it 
was necessary to use N/100-solutions for these analyses. On this account the best analytical 
results for the solid NaAg,(S,O;),,H,O were liable to an error of about 1%. 

When decomposition of the solubility mixture was more extensive, as indicated by the 
deeper colour, the iodometric titrations of the solid for total thiosulphate appeared to be too 
high. This was traced to the oxidation by iodine of a little colloidal silver sulphide filtered 
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off along with the solid NaAg;(S,O,),,H,O, and when the duration of the experiment was reduced 
to a minimum so as to avoid this decomposition as far as possible, this disturbing factor dis- 
appeared within the limits of the experimental error. 

Experiments with freshly prepared silver sulphide, thoroughly washed to ensure complete 
removal of hydrogen sulphide, indicated that it is oxidised by N/100-iodine to silver iodide and 
sulphur, but no sulphate could be detected. The reaction is fairly rapid until the small amount 
of colloidal and finely divided particles of sulphide has been oxidised; the coarser particles, 
after suffering superficial attack, then react slowly. 

When the changes 

NaAg(S,0;),H,0 —-> NaAg,(S,O3),,H,0 —-> Ag,S,0; —-> Ag,S 
cryst. cryst. white black 
gelatinous gelatinous 
produced by water acting upon finely ground NaAg(S,O,),H,O are observed under the micro- 
scope, it is seen that the ground rounded lumps of NaAg(S,O,),H,O commence to dissolve and 
diffuse into the surrounding water, producing concentric regions of increasing dilution. In 
the region of less dilution surrounding the central quantity of salt, very small square platelets 
of NaAg;(S,O03).,H,O are rapidly deposited, and increase in number and size. In the more 
dilute regions, minute transparent gelatinous flecks, probably of insoluble silver thiosulphate, 
are produced, gradually increase in number and size, and darken to dirty yellow-brown and 
brown, as the silver thiosulphate decomposes to brownish-black silver sulphide. As diffusion 
proceeds the compounds richer in silver gradually encroach upon the areas occupied by the others 
until finally the only solid phase left consists of silver sulphide. These changes are much more 
rapid and marked in N/10-silver nitrate solution than in water. No sharp transition from the 
gelatinous insoluble silver thiosulphate to silver sulphide can be observed, nor does there appear 
to be any sodium silver thiosulphate richer in silver than NaAg,(S,O;),,H,O. This was further 
tested by preparing dry NaAg,(S,O;),,H,O, and treating it with water under the microscope, 
as above, but no formation of any other crystalline double salt could be observed. 


One of us (J. T. L.) is indebted to the Department of Scientific and Industrial Research for 
a grant. 


THE UNIVERSITY, READING. [Received, July 7th, 1933.] 





334. The Electronic Structure of Hexafluorides. 
By Tuomas G. PEARSON and Percy L. RosBInson. 


In the theory of valency, the electronic configuration of the hexafluoride molecules is of 
considerable importance (Sidgwick, ‘“‘ The Electronic Theory of Valency,’’ Oxford, 1927, 
p. 62). For sulphur hexafluoride, a typical case, no less than five structures (I—V) may be 
postulated (Sugden, “ Parachor and Valency,”’ London, 1930, p. 136). Of these, the polar 
formula (IV) is at once excluded on account of the properties of the compound, but chemical 
methods are not available for discriminating between the remaining alternatives. This 
may, however, be done through the parachor, which not only distinguishes between those 
structures containing singlet links (II, III, and V), but would also identify the duodecet in 
the covalent structure (I). 
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Professor Whytlaw-Gray, learning of our interest in the problem, kindly furnished us 
with about two litres of his very pure sulphur hexafluoride, the surface tension and liquid 
density of which we have measured. The parachor deduced therefrom, 143-3, is in 
reasonable agreement with that computed from the accepted atomic and structural con- 
stants for the configuration (V), vzz., 148-6. 

Although the liquid densities of the hexafluorides of selenium and tellurium have been 
measured, values for their surface tensions are not available, and in the absence of supplies 
of these materials, we have had recourse to a formula proposed by Walden (Z. physikal. 
Chem., 1909, 65, 224), viz., yp». = [Tpp. X 2°15 log T,,.]/MV».»,, wherefrom the surface 
tension may be calculated from the boiling point together with the liquid density at that 
temperature. We have tested this relationship for a large number of simple inorganic 
compounds by means of data mainly collected in this laboratory, and have found it to be 
trustworthy within + 2% for unassociated liquids, and, where association is slight, to an 
accuracy sufficient for parachor purposes. Fortunately, the hexafluorides, as judged by 
Trouton’s constant (Table I), are normal liquids, and, with the aid of the Walden formula, 
we have calculated from the density determinations of Klemm and Henckel (Z. anorg. 
Chem., 1932, 207, 73) the molecular parachors. These are collected in Table I, and in Table 
II are compared with those computed from the accepted atomic and structural data 
(S = 48-2, Se = 62-5, Te = 81-0, singlet = — 11-6, semipolar singlet = —12-4, polar bond = 
— 1-6, 4-membered ring = + 11-6, 12-electron shell = + 11-6 approx.). It is seen that, 


TABLE I. 
Trouton’s B. p., Duy. dep, y, dynes 
Compound. constant. Abs. g. per c.c. g. per c.c. per cm. Parachor. 
Me. Sisuccssscesedsess 22 205°0° 1°975 0°009 13°78 143°1 
Ee Satvsiessricesinns 19 224-0 2°34 0-011 13°71 159°5 
WO twssscnnetnceas 19 234°7 2°67 0°013 13°23 173°4 
TABLE II. 
Parachor, 
found from 
Parachor, calc. for structure surface 
Compound. (I). (II). (III). (IV). (V). b. p. tension. 
Tg, vecersenenecessvesessece 204°8 123°8 128°6 196-0 148°6 143°] 143°3 
BNET A Henccncssnnceosenssniees 219°1 138°1 132-9 210°3 162-9 159°5 — 
COE Matiwinwiitenieem 237°6 156°6 1514 228°8 181°4 173°4 —_ 


as with the sulphur compound (the values for which, calculated by aid of the Walden 
relationship, are included for comparison), the parachors agree most closely with those 
anticipated for the type of structure of which (V) is an example, 7.e., one in which two 
fluorine atoms are covalent, and the rest united to the sulphur atom by semipolar singlet 
linkages. The alternative interpretation of the value for the parachors which would 
reconcile these results with the covalent formula (I) was discussed in the case of the penta- 
chlorides by Sugden (0. cit., p. 133) and shown to involve the assumption that the sharing 
of an electron causes a contraction of 11-6 units, but was rejected by him on account of 
data for mercury and thallium compounds (:did., p. 111) and of the difficulty with non- 
polar and triple bonds. On the basis of Sugden’s argument, the covalent formula (1) 
must be rejected. 
EXPERIMENTAL. 


The sulphur hexafluoride had been made from its elements and purified by passage through 
aqueous potassium hydroxide, soda—lime, and phosphoric oxide, followed by two fractionations, 
and a subsequent treatment with sodium—potassium alloy; it was received by us in a 2-litre 
bottle closed by a mercury-sealed tap. This vessel was connected to a train which was sub- 
sequently evacuated, and the material was transferred through a tube freshly charged with 
phosphoric oxide to a vessel cooled in liquid air. A manometer incorporated in the system 
showed that the whole of the gas was condensed under these conditions. Without further 
purification, appropriate quantities of the sulphur hexafluoride were sealed off in the density 
bulb and the surface tension vessel following the usual procedure employed in this laboratory. 
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Measurements were made of the density and the surface tension, and the results are recorded in 
Table IIT. 


TABLE III. 
Temp. D,g.perc.c. hf, mm. y, dynes percm.  Parachor. 
— 50° 1878 2°20 11°63 143°0 
— 20 1-722 1°68 8°02 143°7 


¥, = 0°27165 mm., 7, = 0°49920 mm., g = 981°45. 
Temp. coefficient of surface tension 0°1204 dynes/cm./degree. 


The liquid densities are in fair agreement with the recent determinations of Klemm and 
Henkel (/oc. cit.), but somewhat lower than those of Prideaux (J., 1906, 89, 376). The coefficient 
of expansion, 303 x 10°, is comparable with that (290 x 10-5) obtained by the former workers, 
especially when it is considered that their measurements extended over a range of but 6°. The 
Ramsay-Shields constant, d{[(Mv)*'*y] /dt, is 1-8, and, like Trouton’s constant, 22, almost normal. 


SUMMARY. 


(1) The density and the surface tension of suphur hexafluoride have been measured 
over a range of temperature, and the parachor calculated therefrom indicates that the 
octet valency rule is maintained in this compound, two fluorine atoms being attached to 
the sulphur atom by covalent linkages and the remaining four by semipolar singlet links. 

(2) The parachors of selenium and tellurium hexafluorides, calculated from their 
respective liquid densities and boiling points, reveal a structure identical with that found 
experimentally for sulphur hexafluoride. 


Grateful acknowledgment is made to Professor R. Whytlaw-Gray, F.R.S., for his generous 
gift of the sulphur hexafluoride used, to Capt. F. P. Mills, of the Northumberland and Durham 
Rescue Brigade, for supplies of liquid air, and to the Research Committee of this College for’ 
certain apparatus. 


UNIVERSITY OF DURHAM, ARMSTRONG COLLEGE, 
NEWCASTLE-UPON-TYNE, [Received, September Ist, 1933.] 





335. LElectrometric Studies of the Precipitation of Hydroxides. Part XII. 
The Reaction of Sodium Hydroxide on Platinic Chloride in Solution, 
and a Note on the Reaction of Potassium Cyanide on Platinic 


Chloride. 
By H. T. S. Britton and Eric N. Dopp. 


KoHLRAUSCH (Wied. Ann., 1897, 63, 433) attributed the acidity and high conductivity of 
platinic chloride solutions to the existence of the complex acid, H,PtCl,(OH),, and Miolati 
(Z. anorg. Chem., 1900, 22, 445) considered that he had confirmed this suggestion by con- 
ductometric titration with alkali. Actually, his curves indicate a rapid fall in conductivity 
to a minimum with approximately one equivalent of alkali; thereafter the conductivity 
increased but the increase became more pronounced when two equivalents had reacted. 
Moreover, the specific conductivity of the platinic chloride solution at the beginning of one 
titration was much higher than at the beginning of another, although the concentrations 
were identical. The present work shows that platinic chloride on dissolving in water 
continues to hydrolyse, giving free hydrochloric acid for some hours, and this, as revealed 
by conductometric and glass-electrode titrations, is accompanied by the formation of an 
increasingly basic complex in the solution. 


The following table gives the variation at 25° in specific conductivity with time of 0-001377M- 
platinic chloride solution. 


Time (hours) .........s:s0000000 } } 1 1} 23 4} 20 24 
« X 108 (mhos) ..........00000008 1092 1117) 11661242) s327) 398) 14891515 
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It being assumed that the gradual increase in conductivity was caused by the hydrolytic 
reaction PtCl, + *H,O —>» Pt(OH),Cl,_, + *HCl, and that the basic chloride is of negligible 
conductivity, calculation shows that, immediately the solution was prepared by diluting 2 c.c. 
of 0-0413M-platinic chloride to 60 c.c., x was equal to approximately 2, and became equal to 3 
after 24 hours. This interpretation is borne out by the conductometric curves, I, II, and 
III, in the Fig. They refer to titrations of 60 c.c. of 0-001377M. -platinic chloride with 0-02N- 
sodium hydroxide at 25°, I being that of an immediate titration, II that of a solution which 
had stood at 25° for 4 hours before titration, and III the curve given by a solution after it had 
previously stood for 24 hours. Curve IV refers to a series of solutions corresponding to various 
stages of the titrations, but which had been kept in the thermostat at 25° for some days until 
constant results were given. The initial slopes of I, II, and III are very nearly those which 
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would have been given by the hydrochloric acid liberated by the hydrolysis in the solutions. 
The higher specific conductivities represented by IV suggest that, on the removal of some acid 
by neutralisation with the alkali, the basic portion, in consequence, underwent a little further 
hydrolysis. No precipitation occurred during these titrations. 

A glass-electrode titration of the solution that had stood for 24 hours showed an initial py 
of 2-45. Hence, if this were due to hydrochloric acid, it would indicate that x = 2-9 instead 
of 3 (above). The titration curve was typical of the neutralisation of a strong acid by a strong 
base and was sharply inflected with 2-8 equivalents of alkali. Solutions that had not stood 
so long gave somewhat higher pg values and earlier end-points. The py values of the alkaline 
solutions produced thereafter were such as would have been caused if the basic platinic chloride 
underwent no further decomposition, and that this was the case is also borne out by the slopes 
acquired by the final sections of the conductometric curves. 

In the Fig. the conductivity due to the sodium chloride that was formed is given by the line 
marked NaCl. It will be seen that the minima in curves I, II, III, and IV fall below this line, 
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from which it would appear that, not only had the basic salt, then present, no conductivity, but 
in all probability it had combined with sodium chloride to form a substance having a small 
conductivity. Miolati (/oc. cit.) has shown that platinum migrates to the anode during the 
electrolysis of solutions of platinic chloride. It is likely, therefore, that the basic portion is 
negatively charged and that the platinic chloride solutions may be represented thus : 


PtCl, + *H,O => xHCl + Pt(OH),Cly2) == (x — y)HCl + yH’ + Pt(OH),Cl% oy), 


so that on neutralisation with sodium hydroxide some sodium chloride is formed together with 
a pseudo-salt containing the basic platinic chloride in the negative part. 

Although platinocyanides are well-defined salts, no stable platinicyanides appear to exist. 
The possibility of the formation of the potassium salt by the action of potassium cyanide on 
platinic chloride solution has been investigated electrometrically. Curve A is that of a direct 
titration of 60 c.c. of 0-001377M-platinic chloride with 0-025M-potassium cyanide, and B 
represents the conductivities obtained on a series of similar platinic chloride solutions, containing 
varying amounts of potassium cyanide, after sufficient time had been allowed for the attainment 
of equilibrium. The line marked KCl gives the conductivity set up by the potassium chloride 
formed. The minimum was given in the immediate titration with between 2 and 3 mols. of 
potassium cyanide, whereas the aged solutions gave a minimum at 3 mols. From the position 
of the point of intersection of the KCl line, it follows that the initial reaction consisted 
of the conversion of the hydrolysed hydrochloric acid (ca. 3 mols.) into potassium chloride, 
with the liberation of free hydrogen cyanide which had no effect on the conductivity of the 
solution. This was proved by means of the glass electrode. Thus, after ageing, an inflexion in 
the titration curve of the solution was given with exactly 3 mols. of potassium cyanide, and the 
curve afterwards obtained showed that the hydrogen-ion concentration was buffered by equilibria 
between the free hydrogen cyanide and cyanide ions. In the conductometric curves A and B, 
the final. branches corresponded closely with the potassium chloride first formed and the excess 
of potassium cyanide added. A glass electro-titration in the reverse manner, 7.e., of potassium 
cyanide with platinic chloride, led to the same conclusions. The first section was buffered in 
the region of Pxycy = 9-32 and the inflexion occurred when the ratio of the potassium cyanide 
to the platinic chloride added was slightly smaller than 3:1. There is thus no evidence of the 
formation of a platinic cyanide, either simple or complex. 


Thanks are due to the Chemical Society for a research grant, and to the Department of 
Scientific and Industrial Research for a maintenance grant to E. N. D. 


UNIVERSITY COLLEGE, EXETER. [Received, September 18th, 1933.] 





336. Equilibrium Constants in Terms of Activities from Cryoscopic Data. 
Part II. The Dissociation of Pyridine o-Chlorophenoxide in p- 
Dichlorobenzene. 


By H. M. Grass and W. M. Mapein. 


It has been shown (this vol., p. 193) that an equilibrium constant, Ka, involving activities 
instead of concentrations, can be calculated for pyridine o-chlorophenoxide in benzene, 
but the necessary cryoscopic data only refer to a short temperature range near the freezing 
point of benzene, 5-5°. Ifa value for Ka could be found for a widely different temperature, 
it should then be possible to apply the van ’t Hoff isochore and calculate the heat of form- 
ation of pyridine o-chlorophenoxide. We have therefore made a cryoscopic study of this 
compound in p-dichlorobenzene (freezing point 52-9°), since there are the following reasons 
for considering that this solvent and benzene have almost the same solvent influence on 
the dissolved substance. First, both solvents have practically the same dielectric constant 
(see Int. Crit. Tables) and the dipole moment of each substance is zero (Smyth, Morgan, 
and Boyce, J. Amer. Chem. Soc., 1928, 50, 1536); secondly, Mortimer (zbid., 1923, 45, 
633) has shown from solubility measurements that these two solvents have equal relative 
internal pressures. 

The difference (ca. 50°) between the freezing points of benzene and #-dichlorobenzene 
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is sufficiently great to cause the variation in the dissociation of pyridine o-chlorophenoxide, 
between these two temperature limits, to preponderate considerably over any specific 
solvent effects due to either of these solvents. 

We find that #-dichlorobenzene forms a eutectic system with both pyridine and 
o-chlorophenol and may therefore be regarded as an inert solvent resembling benzene. 
The data for these two eutectic systems will be given with others in a later communication. 

Evidence is given below that the heat of formation of pyridine o-chlorophenoxide is 
practically constant over the temperature range considered here. There is thus some 
justification for the present application of the isochore. 

The activities of pyridine o-chlorophenoxide and its dissociation products, pyridine 
and o-chlorophenol, in #-dichlorobenzene have been calculated in the manner previously 
described (loc. cit.), and the equations therein discussed have been appropriately altered 
to give the following for p-dichlorobenzene, m and M being mol. ratios : 


loge aim = —]" 7. d loge m — j + 0-00009354["0/m . a0 . i ou cal 
0 


M M 
loge y = — [jd loge M — j + 0-00009854)"0.. d0/oM >) + 


The constant 0°00009354 has been calculated from the calorimetric data of Narbutt 
(Z. Elektrochem., 1918, 24, 339), and, in 7 = 1 — 6/vaAM, 1/4 = 0-02056. 
The equilibrium constant 


» a (M — m)y 
Ke= —¥ =" www wwe. (3 
aay (My)? 3) 
is also of the same form as previously used and involves 


aa, = (My)? =yaypm®. . . we ee Cd 


EXPERIMENTAL. 


“ Purified ” p-dichlorobenzene was recrystallised twice from ethyl alcohol and thoroughly 
dried over calcium chloride; m. p. 52-9°. Pyridine and o-chlorophenol were as before (loc. 
cit.). 

The freezing-point depressions for p-dichlorobenzene solutions of pyridine and o-chloro- 
phenol, separately gnd mixed together in equimolar proportion, were determined with a suit- 
ably modified Beckmann apparatus, and temperatures were read to 0-001°. The outer bath 
of the apparatus was a 1-litre tall Pyrex beaker heated with a winding of resistance wire and 
containing high-boiling liquid paraffin. This was shielded by immersion in a larger beaker 
lagged with asbestos. 

The central tube, containing an experimental solution, was separated from the paraffin 
oil by the usual annular air space, and the mouth of this tube was specially enlarged to accom- 
modate a rubber stopper which carried the thermometer, a mercury sealed stirrer, a guard tube 
containing phosphoric oxide, and two glass tubes to allow a current of dry air to pass. Dry 
air was passed through the central tube for 4 hour while solid was being fused, and a dry 
atmosphere was retained during each freezing-point determination. Preliminary tests showed 
that p-dichlorobenzene lost 0-2% of its weight by evaporation to this current of dry air, and a 
correction was applied on this basis to all solutions. 

The outer oil-bath was mechanically stirred, and the temperature observed with a thermo- 
meter reading to 0-1°; it was maintained at 1-0° below the freezing point of each solution 
during investigation. 

The solutes used were liquids in all cases, and these were weighed out in small sealed glass 
bulbs which were subsequently broken under the surface of the molten solvent. When mixed 
solutes were being used, an equimolecular mixture of the two components was first accurately 
made up, and suitable portions of this weighed off. 

All freezing points here recorded have been corrected for the exposed stem of the thermo- 
meter. -Dichlorobenzene does not exhibit supercooling to any marked extent: we found 
an average of 0-15°. An appropriate correction has been applied. 

Activity Coefficients—The activity coefficients (y, and ys, Table I) for the single com- 
ponents, pyridine and o-chlorophenol, in separate p-dichlorobenzene solutions have been 
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calculated from (1), the freezing point results in Table I being used. Many of the y, and yz 
values are greater than unity (see Fig.), and thus the activity (a) exceeds the concentration 
(m). The molecular weight of the solute, calculated from K = 0-002T?/L, is therefore lower 
than the normal value. 

In the results previously reported (/oc. cit.), o-chlorophenol was found to behave similarly 
in benzene, but the activity coefficient of pyridine was continually less than unity. The 
abnormally high values for the activity coefficients in p-dichlorobenzene accord with com- 
parable experimental results of other workers with this solvent (see Bruni and Gorni, Gazzetta, 
1900, 30, 127; Gomberg and Sullivan, J. Amer. Chem. Soc., 1922, 44, 1810). At high con- 
centrations the activity coefficients become less than unity (cf. Mortimer, Joc. cit.). 

The mean activity coefficient y, from (2), is used in (4) to find corresponding values for 
Yar YB and m. From these, 4,3 values are found as before (/oc. cit.), and Kg is now calculated. 
Table II summarises these results. The average value is K, = 34-78 for an average temper- 
ature of 51-8°, and, in benzene, it was found that the average value was K, = 216 for an 
average temperature of 3-9°. 
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1, Pyridine (ya) » II 0-chlovophenol (yg) ; I11, pyridine and o-chlorophenol together in solution (y) ; 
IV, pyridine o-chlorophenoxide, undissociated (yap). 


Heat of Formation of Pyridine o-Chlorophenoxide.—The two average values of K, have been 
applied in the isochore 2-3 log K,/K, = Q(T, — T,)/RT,T,, where K, = 216, K, = 34-78, 
T, = 276-9°, and 7, = 324-8°; whence 0 = — 6800 cals., and the reaction is exothermal. 
An approximation of the variation of Q with temperature has been obtained by applying 
Kirchoff’s equation to Bramley’s specific-heat data (J., 1916, 109, 496). From the average 
specific heats at the mean temperature 30°, Q varies by 100 cals. (1-5% of Q) for the entire 
temperature range 7, — 7, = 48°. In using these specific heats, we have considered pyridine 
o-chlorophenoxide to be 13-5% dissociated at 30°, since it was shown (loc. cit.) to be 9-5% 
dissociated at T, and has now been found to be 17% dissociated at T,. Evidently Q may be 
regarded as constant in the preceding application of the isochore. 


DISCUSSION OF RESULTS. 


The present results include a set of 27 values for Ka, and the extreme values differ 
from the average by only 2-5%. Since this is within the limits of experimental error, one 
is justified in using the average value in calculations. 
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From Ka = 34-78, it is found that pyridine o-chlorophenoxide is dissociated to the 
extent of 50—95% in p-dichlorobenzene, the latter figure being from more dilute solutions 
than previously used. 

The heat of formation (Q = — 6800 cals.) has been calculated for complete compound 
formation from g.-mol. quantities of pyridine and o-chlorophenol in the condition (associ- 
ation, etc.) in which they exist in dilute benzene or #-dichlorobenzene solutions. Bramley 
(loc. cit.) obtained — 4519 cals. for a g.-mol. mixture of the two pure components (no solvent) 
and this would include heat effects due to preliminary dissociation and other dilution 
phenomena. On the other hand, the present value (9 = — 6800 cals.), being for complete 
compound formation from diluted components, probably represents the energy change 
involved in the formation of the co-ordination link present in pyridine o-chlorophenoxide. 


TABLE I. 


Activity coefficients for separate solutes. 
(M = Molar ratio; AT = depression of freezing point.) 


Series 1. Pyridine. Series 2. o-Chlorophenol. 

M x 10%. AT. yas MX10*. AT. Ya- M x 10%. AT. ys. MX 10%. AT. ys. 
1951 0°096° 1:°027 13°51 0°666° 1-070 1148 0°056° 1:007 19°10 0°934° 1-038 
2-792 07138 1:°036 1532 0-751 = 1:066 2605 0-127 1:009 21°00 1°025 = 1:035 
3°624 O-179 1°041 17°66 0°858 1-°058 3°514 O172 1017 23°70 1150-1031 


4467 0-222 1:052 18°90 0-918 1:057 4573 0224 1:020 27°59 £1:330 = 1:°024 
5138 0256 1:057 20°72 1:003 1°054 5348 0263 1025 31°39 1°502 1-016 
5630 0-280 1:058 23:29 1°121 1-047 6972 0343 1:030 33°84 1°608 1-°008 
6933 0346 1:068 2638 1:263 = 1:041 8233 0405 1°032 35°58 1°689 1-006 
7463 0372 1068 =%30°94 1°474 1:034 9723 0479 1:036 40711 1°886 0°994 
8021 0-401 1:°073 3443 1°633 1-028 12°05 0593 1:°040 42°96 2°005 0°985 
9316 0466 1:077 38°86 1°832 1:019 13°58 0°668 1:040 47°58 2°204 0°974 
10°79 0°539 «#1078 44:57 2-097 1-011 15°03 0°738 1:°039 50°60 2°326 0°965 
11°18 0°557 1:°078 52°31 2°439 0 17°05 0°835 1:°038 56°33 2°554 0°947 
12°28 0638 1:074 61:20 2-821 98 











TABLE II. 


Equilibrium constants and activity coefficients for p-dichlorobenzene solutions of pyridine 
o-chlorophenoxide at molar ratio = M. 


Activity coefficients.* Activity coefficients.* 








Mx 10°. AT. Kg. yY Ya ys» yap. 4x 10%. AT. Kg. y: Ya: YB. =‘ YAB- 
O°811 0°078° 34:27 0°980 1°010 1:005 0°985 11°01 0°925° 35°44 0°759 1:072 1:033 0°803 
1644 0°157 34°70 0°962 1°027 1-009 0-965 12°67 1:053 34°69 0°737 1°075 1°035 0-791 
27116 0°200 34:09 0°949 1°028 1:010 0°955 14°62 1:192 34°69 0°710 1:076 1°037 0:°779 
2°687 0°252 34°55 0°932 1:031 1:012 0°927 16°28 1:310 34°61 0°690 1:077 1:038 0°771 
3°180 0°296 34°89 0°919 1°035 1°013 0°914 19°07 1:504 34°76 0°660 1:075 1:039 0°766 
3°518 0°324 35°70 0°908 1°039 1-015 0°892 20°54 = 1°604 34°57 0°646 1°074 1:040 0°759 
4123 0377 35°63 0°894 1°044 1:017 0°886 22°43 1°729 34°44 0°628 1:071 1:040 0°751 
4692 0°427 35°08 0°882 1:048 1:018 0°882 24°89 1°887 34°55 0°606 1:069 1°040 0°744 
5344 0°480 35°48 0°865 1°052 1:020 0°859 27°55 = 2°059 34:34 0°586 1:065 1:040 0°735 
6°085 0°542 35°38 0°850 1°055 1°023 0°857 29°97 2°215 34°02 0°570 1:063 1:039 0°725 
6°679 0°591 35°26 0°838 1:057 1:025 0-849 32°60 2°372 34:17 0°552 1:060 1:038 0°718 
7°809 0°682 34°93 0°817 1°061 1°028 0°835 35°12 2°523 34:22 0°537 1°058 1°038 0-710 
8541 0°738 35°28 0°802 1°064 1:030 0°826 36°79 2°623 34°00 0°528 1°056 1°038 0°703 
9°754 0°830 35°42 0°779 1:068 1°030 0°814 

Average value: K, = 34°78. 


* ya, YB, YaB = activity coefficient of pyridine, o-chlorophenol, and undissociated pyridine o-chloro- 
phenoxide, respectively. 


SUMMARY. 


The true equilibrium constant, Ka = a,p/a,4g, has been calculated for the dissociation 
of pyridine o-chlorophenoxide in ~-dichlorobenzene by the method previously described 
(loc. cit.) for benzene solutions. The present results, in conjunction with those reported 
for benzene, give two series of values of Ka for different temperatures, viz., the freezing 
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points of the solvents, and therefore the van ’t Hoff isochore has been applied to calculate 
the heat of formation (Q) of pyridine o-chlorophenoxide. Since Q@ = — 6800 cals., the 
compound is formed exothermally. 


ARMSTRONG COLLEGE (UNIVERSITY OF DURHAM), 
NEWCASTLE-UPON-TYNE. [Received, August 24th, 1933.] 





337. The Activity of Ammonia in Ammonium Chloride Solutions. 
By H. E. MAtrHews and C. W. Davies. 


THE effect of added salts upon the behaviour of a non-electrolyte in solution can be 
studied by vapour-pressure measurements, if the non-electrolyte is sufficiently volatile, 
or by solubility measurements if its solubility is conveniently small. Both methods are 
of limited application, and suffer from the disadvantage that the concentration of the 
non-electrolyte must be fairly high, from practical considerations, in the first method, 
and is fixed by its solubility in the second. We have used distribution measurements to 
study the effect of ammonium chloride on the activity of ammonia in aqueous solution, 
and by varying the concentration of ammonia over a wide range it has been possible to 
study the effect of the salt on the base in infinitely dilute aqueous solution as well as at 
finite concentrations. The results show that the more common methods of studying 
such systems, owing to the limitations already mentioned, lead to a picture which is 
incomplete and may sometimes be misleading. 


EXPERIMENTAL. 


The experimental procedure was designed to prevent any contamination of the solutions 
by atmospheric impurities. The water used throughout was of conductivity less than 0-5 , 
gemmho, and the air stream needed for manipulating the solutions was purified by passage 
through two towers containing pumice stone moistened respectively with fresh caustic soda 
and Nessler’s solution, and through a spray trap consisting of glass wool followed by a filter- 
paper diaphragm. The distribution bulbs were of the Brown and Bury type (J., 1923, 123, 
2430), but the sample of the upper layer was withdrawn through a separate outlet tube that 
passed through the rubber bung closing the neck of the bulb. The distribution bulbs were 
supported in a thermostat adjusted to 25° + 0-02°. 

The chloroform consisted of B.P. samples that had been shaken with 0-01N-sodium hydroxide, 
washed with conductivity water, separated, and fractionally distilled in a current of pure air. 
It was collected and stored in a yellow bottle fitted with syphon and guard tubes, and was 
periodically tested for acidity. The stock solution of ammonia was prepared by distilling A.R. 
solution (d 0-88) to which a little baryta solution had been added, and was collected in a waxed 
bottle containing conductivity water. 

For each experiment, the bulb was washed out with conductivity water and pure air, and 
suitable amounts of chloroform, ammonia, and water syphoned in under pressure of pure air. 
The bulb was left in the thermostat for several hours with frequent vigorous shakings, and 
was then left undisturbed for 18 hours, after which separation into two clear layers was always 
complete. It is essential that samples of the two layers should be taken without withdrawing 
the bulb from the thermostat, and this was done by forcing them through the appropriate 
syphon tubes into weighed flasks containing indicator, the first few c.c. being always rejected. 
After the solution had been weighed, a slight excess of standard acid was weighed in, and the 
solution back-titrated with dilute alkali. Further samples were treated in the same way after 
the distribution bulb had remained for several hours longer in the thermostat. 

Four standard solutions were used in the work, approx. 0-7N-sulphuric acid and 0-02N- 
sodium hydroxide for analysing the aqueous layer, and 0-03N-acid and 0-002N-alkali for the 
chloroform layer. These were prepared as nearly as possible carbon dioxide-free, and the 
alkaline solutions were stored in wax vessels. The four were frequently intercompared, and 
as ultimate standard sodium carbonate was used, prepared in the usual way from A.R. sodium 
hydrogen carbonate. All titrations were by weight. Moore and Winmill (J., 1912, 101, 
1635) encountered difficulties in using methyl-red as indicator owing to its solubility in chloro- 
form. We avoided this by using bromocresol-purple in all distribution measurements (and 
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acid—alkali intercomparisons) ; this indicator is not extracted by the solvent and is sufficiently 
sensitive for use with very dilute alkali. 

In the experiments with ammonium chloride, salt of A.R. quality was used, and the same 
precautions as before were taken against ingress of carbon dioxide in the making up and 
handling of solutions. 

DIscUSSION OF RESULTs. 


The distribution of ammonia between chloroform and water is shown in Table I. 
Col. 1 gives the molality (g.-mol./1000 g. of solvent) of ammonia in the aqueous layer and 
col. 2 that in the chloroform layer; col. 3 shows the ratio of the two. These results 
require correction for the dissociation of the ammonia in the aqueous layer, and col. 4 
shows the degree of dissociation, calculated from Goldschmidt’s conductivities (Z. anorg. 
Chem., 1901, 28, 97) by the formula « = Ay/Az, where » is the relative viscosity of the 
solution, and Az is the sum of the mobilities of the ammonium and the hydroxy] ion at 
the ionic concentration considered, as given by Onsager’s equation. The partition co- 
efficient of the undissociated ammonia is shown in col. 5. Each of the values given is 
the result of at least two determinations; the average deviation between duplicate deter- 
minations was 0-14%. When the partition coefficient is plotted against the concen- 
tration in the chloroform layer, a smooth curve is obtained which becomes approximately 
linear in the most dilute solutions, and is fitted by the equation P = 35-637 — 36-5M’, 
where M’ is the molality in the chloroform solution. The deviations of the three most 


TABLE I. 

M. M’. M/M’. a. P. NHS Fxuy &*Ptl. SE q, cale. 
0°12890 0°003587 35°934 0°01186 35°509 1-0059 1-0022 10018 
0°49757 001408 35°333 0°005936 35°123 10225 1:0077 1-0072 
0°77957 002229 34981 0°00470 34°819 10351 10113 10113 
0°95192 0°02735 34-802 000418 34°655 1:0427 10141 1:0140 
1:0264 0°02957 34°707 0°00399 34°567 1:0459 1-0146 1:0150 
1:2129 0°03513 34°523 000363 34:399 1:0540 10172 1:0179 
2°2678 0°06762 33°538 0°00235 33°460 (11020) — 1-0345 
3°0349 0°09233 32°868 0°00191 32°806 (1°1375) — 1:0471 


dilute solutions from the requirements of this equation are — 0-003, + 0-000, and + 0-004, 
so the value 35-637 can be accepted as the hypothetical distribution coefficient of undis- 
sociated ammonia at infinite dilution. The result agrees satisfactorily with earlier deter- 
minations. Most of these are expressed in terms of concentrations in g.-mols. per litre, 
and on this basis our result becomes Py = 23-94. Previous values (corrected where 
necessary for the ionisation of the ammonia) are: 24-0 (Moore and Winmill, Joc. cit.) ; 
24-0 (Dietrich, J. Physical Chem., 1929, 38, 95); 23-85 (Occleshaw, J., 1931, 1436). 

The partial vapour pressure of ammonia in dilute aqueous solution at 25° has been 
measured by de Wijs (Rec. ivav. chim., 1925, 44, 655), and is given, up to C = 1-60, by the 
equation: ~# (mm.) = 12-9C(1 + 0-046C), where C is the concentration in g.-mols. per 
litre. From this the activity in aqueous solution has been calculated; on the assumption 
that it is proportional to the partial pressure and equal to unity at infinite dilution, then 
Xu, the activity coefficient of ammonia in aqueous solution, is given by 1 + 0-046C. 
In terms of molalities, using the density data given in Int. Crit. Tables, 3, 59, this becomes 

Nu, = 1 + 0-045M, and the activity coefficients (up to C = 1-6) obtained from this are 
shown in col. 6 of Table I. The activity coefficients of ammonia in moist chloroform are 
now calculated on the assumption that the activity ratio is constant; this leads to the 
relation fKy, = /€u,- P/Po, where Py is the partition coefficient at zero concentration. 
The values found are given in col. 7. The variations in these values (extending to 0-035 
molal) are proportional to the molality, and it seems plausible to suppose that the pro- 
portionality will extend to the highest molality studied (0-092). On this basis, fq, can be 
calculated for concentrations above those for which vapour-pressure measurements are 
available, and the values so obtained are included in parentheses in Table I. Col. 8 of 
the table shows the values of /{,, calculated from the equation fKy, = 1 + 0-510M’. 
The close approximation to a linear relationship of the activity coefficients in chloroform 
as well as in water is rather striking in view of the marked curvature of the P—M’ graph 
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from which they were derived. Another point of interest lies in the much more rapid 
rise of activity coefficient in chloroform than in water. In considering this it must be 
remembered that the mutual solubility of the two solvents may be affected by the addition 
of ammonia. The effect is mainly due, however, to the much greater molecular weight 
of chloroform; if solutions containing equal molar fractions of ammonia are compared, 
the deviation of the activity coefficient from unity in chloroform is only 1-7 times, instead 
of being more than 10 times, that in water. 

Resulis in Ammonium Chloride Solutions.—These are in Table II. Cols. 1 and 2 show 
the molalities in the aqueous and the chloroform layer, respectively. Col. 3 shows the 
approximate degree of dissociation in the ammonium chloride solution, calculated from 
the dissociation constant K = 1-80 x 10~, and col. 4 gives the corrected partition coefficient. 
Col. 5 gives the activity coefficient in the aqueous layer, calculated on the same basis as 
before, with the assumption that the chloroform layer is unaffected by the ammonium 
chloride, 7.e., from the equation /¥%,, = (1 + 0-510M’)P,/P. Col. 6 gives the value of 
/¥q, calculated from the equation shown at the head of the section, M here referring to 
the molality of ammonia in the aqueous layer. 


Ammonia in Ammonium Chloride Solutions. 


TABLE II. 
M. M’. a. P. Ruts: Xu, calc. 
Solvent : 0°02N-NH,Cl. fXu, = 0°9976 + 0°0435M. 
0°47363 001343 0-00088 35°235 10182 10182 
0°52575 0-01493 0-00088 35182 10205 10205 
1-2506 0-03620 0-00085 34°516 10514 1-0520 
2-6100 0-07820 0-00081 33-349 1-1113 11112 
Solvent : 0°05N-NH,Cl. 
2-4921 0-07419 0:00034 33-580 1-1015 — 
Solvent : 0-2N-NH,Cl. Xu, = 1:0063 + 0-0398M. 
0°58555 0:01678 0-00009 34901 1-0296 10296 
1*2537 0:03641 0-00009 34°428 10543 1-0562 
2-4973 0-07463 0-00009 33-462 1:1057 1:1057 
Solvent : 1‘°0N-NH,Cl. 
2-6810 0:07633 0-00002 35°124 1-0545 — 


For two series the results can be extrapolated to infinite dilution of ammonia. A 
comparison may also be made at a constant concentration of ammonia of 2-681M; for 
this purpose the results for 0-02N- and 0-2N-ammonium chloride were extrapolated accord- 
ing to the equations given, and, by analogy with these, the short extrapolation for the 
measurement in 0-05N-salt was made according to the equation f = fy + 0-042M. The 
results are shown in Table III, in which the last figure given has been calculated from 
some distribution measurements of Bell and Field (J. Amer. Chem. Soc., 1911, 38, 940), 
using 3N-ammonium chloride. 

TABLE III. 


Activity coefficients of ammonia in ammonium chloride solution. 


Zero concentration of ammonia. 
Concn. of NH,Cl _ ......ccccceees 0 0-02 0°2 
P * cecanienes pean arekcabentenenetonieD 1-0000 0°9976 1-0063 
Concn. of ammonia: 2°681 g.-mol. per 1000 g. water. 


Conen. of NH,Cl .......seeee 0 0-02 0-05 0-2 1-0 3 
<ivsadedinahabiannadowenieehdlainaeain 11204 =-11142,)ss11095-—sd1130—s«210545 Ss: 144 


In both series the activity coefficient goes through a marked minimum in the neigh- 
bourhood of 0-1N-ammenium chloride. The results at high concentrations of ammonia 
seem curious, since this minimum is followed by a maximum, after which the activity 
coefficient must fall rapidly ; at some concentration above 1-0N a second minimum occurs, 
and at still higher concentrations the ammonium chloride exerts a markedly positive 
5A 
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salting-out effect. These results find their explanation in the figures given in Table II. 
The activity coefficient of ammonia in aqueous solution increases with its concentration, 
but does so the more slowly the more ammonium chloride is present. The effect is illus- 
trated in the figure. The numbers by the curves refer to the concentration of ammonium 
chloride. The curves cross, and the result of this is to produce a second minimum which 
lies at a higher ammonia concentration the more ammonium chloride is present. The 
true slopes of the broken lines in the figure are quite unknown, and may be negative. 

Our results therefore suggest the presence of at least three effects: (1) ammonium 
chloride tends to reduce the activity coefficient of ammonia in aqueous solution, and the 
fall in activity coefficient depends on some fractional power of the salt concentration. 
This effect governs the results at low salt concentrations. (2) At higher concentrations 
of ammonium chloride an effect in the opposite direction predominates, the increase in 
the activity coefficient of the ammonia being roughly proportional to the concentration 
of added salt. Measurements by Abegg and Riesenfeld (Z. physikal. Chem., 1902, 40, 84) 

and by de Wijs (loc. cit.) of the vapour pressure 

of ammonia over salt solutions show this effect, 

but do not extend over a wide enough con- 

centration range to show our other two effects. 

(3) The increase in the activity coefficient of 

ammonia with increase in its concentration is 

the less the more ammonium chloride is present. 

Of these, the second is the normal salting- 

out effect, which is common to all non- 

electrolyte—salt mixtures, and has had adequate 

attention. An effect similar to the first has been 

reported by Rerdam (‘Studies on Activity,” 

Copenhagen, 1925) for phenylthiourea in various 

salt solutions. He also finds the effect in 

solubility measurements with some weak acids, 

but here the evidence is more doubtful, since 

allowance was not made for the presence of the 

hydrogen sulphate ion and other possible pro- 

ducts of interaction between the weak acid and 

the added salt. Rerdam attributes the effect 

to the electric moment of the non-electrolyte 

and proposes the use of the equation log f= — 

et 2 —3 aC*+0C for both ions and non-electrolytes, 

Concentration of ammonia. where a, for most of the latter, will have a 

value far smaller than the Debye—Hiickel value for a univalent ion, but is zero only for 

non-polar molecules, while } includes the ordinary salting-out ratio. On the other hand, 

Butler and Thomson (Proc. Roy. Soc., 1933, A, 141, 86) have derived equations which 

show how the activity of either constituent of a binary mixture is lowered on the addition 

of a salt. When allowance is made in this derivation for the change in the activity 

coefficient of the salt with its concentration (Butler, privately communicated), the result- 

ing expression predicts an effect similar to that which we have found, in that the activity 

coefficient of the non-electrolyte will be depressed by the salt to an extent which is rela- 

tively the greater the lower the concentration of the salt. The depressions we have 

observed seem many times too great to be wholly accounted for in this way, but it will 

be evident that much more work is needed at small salt concentrations before an inter- 
pretation of these low activity coefficients can safely be undertaken. 

The third effect is probably a general one; it is shown in Shaw and Butler’s measure- 
ments with lithium chloride in alcohol-water mixtures (Proc. Roy. Soc., 1930, A, 129, 
519), but by workers in dilute aqueous solutions its existence and consequences have 
been generally overlooked. It suggests that in studies of this kind conditions should 
be chosen such that the concentration of the non-electrolyte as well as that of salt can 
be varied. The effect shews that the salting-out ratios ordinarily determined, and 
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possibly the salting-out order of ions, are dependent on the concentration of non-electrolyte, 
and that comparisons are only valid where extrapolation to zero concentration of the 
non-electrolyte is possible. In recent studies on the activity of benzoic acid, Larsson 
(Z. physikal. Chem., 1931, 158, 466) has determined the salting-out ratio for sodium 
benzoate at 0° as well as at 18°. In view of our results it seems possible that a large 
part of the “temperature effect ’’ recorded may be attributed to the change in concen- 
tration, since benzoic acid is almost twice as soluble at 18° as at the lower temperature. 


SUMMARY. 


Precise distribution measurements are used to study the effect of ammonium chloride 
on the activity of ammonia in aqueous solution. Three separate effects exerted by the 
salt on the non-electrolyte are distinguishable, and the possible bearing of this on other 
work is discussed. 


BATTERSEA POLYTECHNIC, LoNnpDon, S.W. 11. [Received, September 7th, 1933.] 





338. The Homogeneous Catalysis of Stereoisomeric Change in Oximes. 
By Tuomas W. J. TAyLor and D. C. V. RoBeErts. 


Ir has been long recognised that, in general, one isomeride of a pair of geometrically 
isomeric oximes is more stable than the other, and that the normal direction of isomeric 
change is for the less stable to pass into the more stable form, or in some cases, perhaps, 
into an equilibrium mixture in which the latter form predominates. In certain cases the 
change can be brought about in the reverse direction, the more stable form being converted 
into the less stable or one of its derivatives. Examples are the well-known action of . 
hydrogen chloride on aromatic aldoximes and that of ultra-violet light on both aldoximes 
and ketoximes (Ciamician and Silber, Ber., 1903, 36, 4268; Stoermer, Ber., 1911, 44, 667; 
Brady and McHugh, J., 1924, 125, 547). These two different types of stereoisomeric 
change will be referred to as the normal and the abnormal change. 

The normal change is clearly the simpler, since it is accompanied by a lowering of the 
free energy of the system; it has been discussed by E. Huckel (Z. Physik, 1930, 60, 455). 
The rate of change varies greatly in different cases, and can be catalysed to a marked 
extent by various reagents (for an admirable summary of the present state of knowledge, 
see Meisenheimer and Theilacker, “‘ Stereochemie,”’ ed. Freudenberg, Leipzig, 1933, pp. 984, 
1031, 1065). As to the mechanism of this catalysis nothing is known, nor can it be inves- 
tigated until a method is devised whereby the rate of change can be measured with 
reasonable accuracy. In the present work a method of volumetric analysis for alcoholic 
solutions of mixtures of the two benzilmonoximes has been found; the rate of the normal 
change of the less stable «-oxime into the more stable $-isomeride with hydrogen chloride 
and other reagents as catalysts has been measured, and some light is thrown upon the 
mechanism of the catalysis. 

EXPERIMENTAL. 


Analytical Method {with P. JuLirr and (Miss) M. S. Marxs].—It has been shown earlier 
(Taylor and Ewbank, J., 1926, 2818; Taylor, J., 1931, 2782) that when the two stereoisomeric 
forms of the monoxime of an «-diketone are known, the «-oxime (configuration I) will give rapidly 
in alcoholic solution with copper acetate a complex of structure (III), while the §-isomeride 
(configuration II) does not react immediately but only after long standing gives a copper complex 
which is identical with that obtained from the a-oxime. This distinction in reactivity with 
copper can be utilised for the quantitative analysis of alcoholic solutions of mixtures of the 
benzilmonoximes (R = R’ = Ph). 
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In the absence of soluble chlorides, the best conditions for obtaining rapid and quantitative 
precipitation of the insoluble copper complex of the «-oxime are as follows. 10C.c. of a neutral 
alcoholic solution which is approximately 0-05M in a-benzilmonoxime are mixed with 25 c.c. 
of 0-1M-aqueous copper acetate; 250 c.c. of water are added, and the whole kept at room 
temperature for $ hour with occasional shaking. The precipitated green complex is filtered off 
and washed, first with alcohol and then with hot water (approx. 1000 c.c.), until free from soluble 
copper. The complex is then dissolved on the filter in the minimum of cold glacial acetic acid 
(approx. 10 c.c.), the filter paper washed free of copper with hot dilute acetic acid, and the 
copper in the united acetic acid filtrate and washings estimated iodometrically after dilution to 
250 c.c. Addition of an aqueous suspension of cuprous iodide before the final titration makes 
the end-point noticeably sharper. Under these conditions the presence of 6-benzilmonoxime, 
even in very large excess, has no effect; for instance, in one series of experiments, 10 c.c. of a 
solution of the «-oxime were found to be equivalent to 4-95 c.c. of the thiosulphate used (calc., 
5-04 c.c.); to another 10 c.c. 0-2 g. of 8-benzilmonoxime was added and the thiosulphate titre 
was 5-0 c.c. The method is somewhat tedious, but the complete precipitation of the complex 
cannot be accelerated; addition of ammonia or precipitation in hot solution leads to the 
formation of the complex by the B-oxime. The presence of soluble chlorides hinders or entirely 
prevents the formation of the complex by the «-oxime. The most satisfactory, though lengthy, 
way of overcoming this difficulty is to dilute the alcoholic solution containing the mixed oximes 
and the chloride (e.g., lithium chloride) largely with water, extract the oximes thoroughly with 
pure ether and remove the ether at room temperature under reduced pressure. The solid 
remaining can then be dissolved in pure alcohol and the analysis performed as above. Three 
samples of a solution which was 0-057M with regard to the a-oxime and 2-06M to lithium chloride 
gave thiosulphate titres of 8-05, 8-0, 8-05 c.c. (calc., 8-04 c.c.). 

Method of Measuring the Rate of Change: a-Benzilmonoxime —-> 8-Benzilmonoxime.—All 
materials used had been purified by the usual methods. The ethyl alcohol referred to as 
“96% ”’ is the constant-boiling mixture obtained by the use of a long fractionating column: 
that called “‘ absolute ” had been refluxed over selected lime; it was protected from atmospheric 
moisture and its density showed that it contained 99-95% (vol.) EtOH. ‘‘ Absolute ” methyl 
alcohol had been dried in a similar way. The pure benzilmonoximes were obtained by the 
methods of Taylor and Marks (J., 1930, 2305). 

The majority of the measurements were made at 55°. Preliminary experiments showed 
that at this temperature the rate of stereoisomeric change in the absence of catalysts is small 
enough to be neglected (after 22} hours a solution originally 0-0450M in «-oxime was found to 
be 0-0443M), and also that with 96% ethyl alcohol as solvent in the presence of 4M-hydrogen 
chloride there was no detectable hydrolysis to benzil and hydroxylamine in a period of 16 hours. 
For the velocity measurements with hydrogen chloride as catalyst, the reaction mixtures were 
made up in the thermostat and samples of known volume withdrawn at measured intervals. 
The sample was run intu a quantity of concentrated alcoholic potash almost sufficient to neutralise 
the hydrogen chloride, and the neutralisation (methyl-red) completed with a more dilute 
solution. The whole was then cooled in ice for $ hour, and the potassium chloride which 
separated was removed on a fine filter-paper and thoroughly washed with alcohol. The amount 
of oxime in the combined filtrate and washings was then estimated by the method given 
above. 

When other chlorides were used as catalysts, the samples removed from the reaction vessel 
were run into 250 c.c. of water cooled in ice, the oximes immediately extracted with pure ether, 
and the estimation carried out as described above. The results from an experiment were 
plotted, and the best smooth curve drawn through the points obtained. The velocity coefficients 
were calculated from values taken from these curves. 


Results. 


The rate of reaction was found to be unimolecular with respect to the «-oxime; for instance, 
in 96% ethyl alcohol at 55° with 2-0M-hydrogen chloride as catalyst, the unimolecular velocity 
coefficient was found to be 3-5 x 10° with an initial «-oxime concentration of 0-0923M, and 
3-6 x 10° when that concentration was 0-0462M. Attempts to ascertain the effect of the 
addition of neutral salts gave the unexpected result that neutral chlorides soluble in alcohol 
(e.g., lithium and tetramethylammonium chlorides) are themselves active catalysts. This 
property is not, however, possessed by all salts; e.g., 2-4M-potassium acetate in 96% ethyl 
alcohol had no effect whatever in a period of 15 hours at 55°. 
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The results obtained are given in the table, and the majority of those at 55° are plotted in 
the figure. In all cases the initial concentration of the «-oxime was between 0-040M and 
0-:054M. 


Unimolecular velocity coefficients (min. ; logy9) for the change «a- —-> 8-benzilmonoxime. 
Values of k x 10° at 55°. 
Catalyst and concentration. 


Solvent. HCl, HCl, HCl, HCl, HCl, HCl, LiCl, LiCl, LiCl, NMe,Cl, KCl, 
05M. 10M. 15M. 20M. 25M. 30M. 05M. 15M. 20M. 05M. 05M. 

56% EtOH eae -_ _ _ -_ -_ _ 85°3 
96% EtOH 137 — 924 364 824 1960 672 220 640 412 ini 
Abs. EtCOH 182 631 1270 — we — _ — — —~ — 


Values of k x 10? at 48°. 
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From these results the following main generalisations appear: (i) With hydrogen 
chloride as catalyst, the rate is not even approximately proportional to the concentration 
of the acid; it is inappreciable when the catalyst concentration is less than 1M, and above 
that value increases very rapidly. (ii) The addition of water to the system diminishes 
the rate markedly; thus, with 1-5M-acid as catalyst in absolute alcohol, the rate is de- 
creased nearly 14 times by the addition of 4% of water. (iii) Lithium chloride and tetra- 
methylammonium chloride are more efficient as catalysts than hydrogen chloride at an 
equivalent concentration. 

It is immediately clear from these generalisations that the effective catalytic agent 
cannot be the hydrogen ion. Further, the change of the nitrogen atom of the oxime group 
from the tervalent to the quadricovalent state, such as must take place with hydrogen 
chloride when the oxime becomes a kation, or may take place with lithium chloride by 
co-ordination between the nitrogen and lithium atoms, cannot be an essential factor in 
the stereoisomeric change, since tetramethylammonium chloride is a very active catalyst, 
and with this compound there seems no possibility of co-ordination with the nitrogen 
atom of the oxime group. From the results, especially those in 96% ethyl alcohol, it can 
be seen that the species which is active catalytically is one whose concentration becomes 
appreciable only in concentrated solutions of the electrolyte, and thus it would seem that 
the most probable species is the undissociated molecule of the electrolyte (or the associated 
ion-pair). 

This view could be tested directly if the vapour pressure of hydrogen chloride above its 
solutions in ethyl alcohol were known at 55°, since the partial pressure could be taken, 
as a first approximation, as proportional to the concentration of the undissociated mole- 
cules. Unfortunately, the only measurements recorded are at 25° (Jones, Lapworth, 
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and Linford, J., 1913, 103, 252), but it is interesting to notice that these workers found 
that addition of water lowered the partial pressure markedly. This observation is in 
agreement with the effect of the addition of water on the rate of change, catalysed by 
hydrogen chloride, if the catalysis is interpreted as one by undissociated molecules. 

Electrolytic conductivity measurements give, of course, information about the tendency 
of an electrolyte in solution to ionic association (the formation of undissociated molecules). 
It is impossible to obtain any quantitative correlation between the results of such measure- 
ments and the reaction velocities recorded here, because at the high concentrations of 
electrolyte at which alone the velocities can be observed the conductivity results cease 
to have any simple meaning. If, however, the deviation of the conductivity—concentration 
curve of an electrolyte from the theoretical Onsager slope at high dilutions is taken as a 
qualitative measure of its tendency to form ion-pairs at all concentrations, there is good 
agreement with its activity as a catalyst for the stereoisomeric change; greater deviation 
as observed from the conductivity measurements goes with greater catalytic power as 
observed in our experiments. Thus, Murray-Rust, Gatty, Macfarlane, and Hartley (Amn. 
Reports, 1930, 27, 342) state that “in alcohols the tetrasubstituted ammonium salts show 
the maximum deviation from the theoretical slope,’’ while we find that tetramethylam- 
monium chloride has by far the greatest catalytic activity of the substances examined. 
Again, they say, “for hydrochloric acid there is more ionic association in ethyl alcohol 
than in methyl alcohol ”’; the results in the table show that, at the same temperature and 
at equal concentration, hydrogen chloride is 1-65 times as efficient a catalyst in ethyl 
alcohol as it is in methyl alcohol. Finally, they state that ‘‘in alcohols the tendency to 
associate in any series of salts with the same anion increases with the atomic number of 
the kation”’; the chlorides of the alkali metals above lithium are too insoluble in the 
alcohols to be used as catalysts, but we find that potassium chloride (0-5M) in 56% ethyl 
alcohol is 1-27 times as efficient a catalyst as is lithium chloride in 96% alcohol at the same 
temperature, so there is little doubt that in 96% alcohol its activity would be much greater 
than that of lithium chloride, and thus that this third conductivity generalisation finds an 
example in our velocity measurements. 


Further support for our view is afforded by experiments with benzene and ether as solvents. 
Mr. O. L. Hughes has informed us that he finds that hydrogen chloride in dry benzene shows no 
electrolytic conductivity whatever, and is thus presumably entirely in the form of undissociated 
molecules; in each solution it should thus be a very powerful catalytic agent for the conversion 
of a- into -benzilmonoxime. When the a-oxime was added to a solution of hydrogen chloride 
(0-45M) in dry benzene at room temperature, it dissolved; on shaking, a thick white precipitate 
was rapidly formed, which, after being collected and dried, melted over the range 70—100° 
(6-benzilmonoxime + 4$C,H, has a non-congruent m. p. 62°), and, after one recrystallisation 
from carbon disulphide, at 112°. Determination of mixed m. p. and tests with alcoholic copper 
acetate show that it is pure 8-benzilmonoxime. The same result was obtained in ether, both 
at room temperature and at — 20°; conversion into the B-oxime seems complete in less than 
two minutes. 


If it is conceded that in these cases of catalysis of normal stereoisomeric change in 
oximes the active agent is the undissociated molecule of electrolyte, the question remains 
as to the actual mechanism of the catalysis. This question is complicated by the fact 
that catalytic power in concentrated solution is not possessed by all uni-univalent salts. 
The choice of salts is very much restricted by the sparing solubility of the majority in 
solvents in which the benzilmonoximes are soluble, but experiment showed that potassium 
acetate (22M) in ethyl alcohol at 55° had no effect whatever in 15 hours and potassium 
ethyl sulphate (0-205M) none in 24 hours. The reality of this result is confirmed by our 
experiments with the benzaldoximes. Of these, the «-oxime (m. p. 35°, IV) is the stable 
form. The normal direction of stereoisomeric change is thus for the -oxime (m. p. 127°, V) 
to pass into the «-oxime, and this change takes place readily on heating (Beckmann, Ber., 
1887, 20, 2767). 
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Since no method has been devised for the analysis of mixtures of these two oximes, 
the experiments were qualitative. It was found that the pure $-oxime (recrystallised 
from ether and light petroleum) could be left in 96% alcoholic solution for 14 hours at 
room temperature and then recovered by diluting largely with water, extracting with ether, 
and removing the ether at room temperature without bringing about any change into the 
a-oxime. If, however, the $-oxime is dissolved in a 2M-alcoholic solution of lithium 
chloride, the oxime recovered after 14 hours by the same procedure is shown by its m. p. 
to be the pure «-oxime. When the lithium chloride is replaced by potassium acetate, the 
8-oxime is recovered unchanged, and no stereoisomeric conversion has taken place. There 
is thus the same specificity in the action of the electrolytes as with the benzilmonoximes. 

A clear distinction should be drawn between the kind of catalysis discussed here and 
attributed to undissociated molecules of certain electrolytes and cases such as that of 
Comstock (Amer. Chem. J., 1897, 19, 485), who found that «-benzaldoxime in toluene 
solution will react with cuprous chloride to give a copper complex containing only 
8-benzaldoxime, or the case of the prolonged action of alcoholic copper acetate on 6-benzil- 
monoxime (Taylor, J., 1931, 2782) in which a copper complex of «-benzilmonoxime is 
formed. In these two cases the change is in the abnormal direction, the more stable form 
giving a complex containing the less stable, and the essence of such abnormal changes 
must be the actual chemical interaction of the oxime grouping with the copper atom. 
In the cases investigated here, the intermediate formation of compounds between oxime 
and catalyst seems unlikely to be the cause of the phenomenon; no such complexes could 
be obtained from lithium chloride and any of the benzilmonoximes or benzaldoximes. 
Further, it is difficult to see how tetramethylammonium chloride, which is a powerful 
catalyst, could unite to form a covalently linked complex with the oxime group. 

The essence of the catalysis of the normal stereoisomeric change must be that the ~ 
torsional rigidity of the double bond between carbon and nitrogen, which in the absence © 
of the catalyst is sufficient to prevent the less stable oxime going over readily into the more 
stable isomeride, is decreased in the presence of the catalyst. There is the comparable 
case of geometrical isomerides in the carbon series, where free atoms, such as sodium or 
bromine, and paramagnetic molecules, such as nitrogen peroxide, act as catalysts for the 
normal direction of stereoisomeric change. For these cases R. Kuhn (Solvay Report, 
“ Molecules organiques,” 1931, p. 361 e¢ seq.) has already suggested that the catalysis has 
its origin in the odd-electron structure of such atoms and molecules; he supposes that 
such structures are capable of interacting with the electronic system of the carbon-carbon 
double bond and causing profound alteration in its properties. He has further suggested 
that the hydrogen ion and other kations might have a similar effect. 

The most probable cause of the catalytic effects observed in the present work would 
seem to be a somewhat similar interaction between the undissociated electrolyte and the 
carbon-nitrogen double bond. It is possible that the close approach of the electric fields 
of the ion-pair and the oxime grouping may give rise to an interaction which brings about 
a decrease in the torsional rigidity of the double bond, so that normal stereoisomeric change 
takes place at a temperature at which the less stable form would exist unchanged in the 
absence of the catalyst. That salts such as potassium acetate have no catalytic power 
is not easy to explain. It may be due to some steric cause; such molecules may have a 
shape which prohibits the right kind of close approach to the oxime grouping. There 
are, however, other possible factors, such as solvation of the ion-pair, which may be playing 
a part; too little is known of the nature and properties of the ion-pair for an adequate 
discussion of the point. 

It is to be noticed that the effect suggested by Kuhn, viz., that the hydrogen ion and 
other kations may have sufficient polarising action on the double bond to facilitate stereo- 
isomeric change, does not seem to be present to any noticeable extent in the oximes which 
we have studied. 

Finally, attention may be directed to the striking difference between the action of 
hydrogen chloride and lithium chloride on the benzilmonoximes and the benzaldoximes. 
In the former case, both substances act as catalysts for the normal change of the «- into 
the 8-oxime; in the latter, lithium chloride has no effect on the more stable «-benzaldoxime 
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and acts normally in catalysing the change of the 8- into the «-oxime, while hydrogen 
chloride is entirely different and is the classical reagent for the abnormal conversion of the 
a- into the B-oxime. This difference arises from the fact, demonstrated by Luxmoore 
(J., 1896, 69, 179) and by Brady and Dunn (J., 1916, 109, 679), that with the aldoximes an 
entirely new factor not present in the ketoximes comes into play, 7.e., the stabilities of the 
aldoxime hydrochlorides are the reverse of those of the free aldoximes ; «-benzaldoxime is 
more stable than its $-isomeride, but the «-hydrochloride is less stable than the 6-hydro- 
chloride, and passes spontaneously into it even at a low temperature. 


SUMMARY. 


1. A method is described for the volumetric analysis of mixtures of «- and 8-benzil- 
monoximes in alcoholic solution. 

2. The rate of stereoisomeric change of «-benzilmonoxime into its $-isomeride with 
various electrolytes as catalysts and in various solvents has been measured. 

3. The results indicate that the undissociated molecules of the electrolyte (or ion-pairs) 
are responsible for the catalytic effect. 

4, The mechanism of the catalysis is discussed; it seems probable that, in essence, it 
is an interaction between the electronic systems of the ion-pair and the carbon-nitrogen 
double bond. 


THE Dyson PERRINS LABORATORY, OXFORD. [Received, September 18th, 1933.] 





339. The Rotatory Dispersive Power of Organic Compounds. 
Part XXIV. Ascorbic Acid. 


By T. M. Lowry and S. A. PEARMAN. 


THROUGH the kindness of Professor Szent-Gyérgyi, we have been enabled to study the 
rotatory power and related properties of ascorbic acid, on similar lines to the investig- 
ations described in preceding papers of this series. 

1. Mutarotation.—Preliminary observations suggested that measurements of rotatory 
dispersion would be complicated by the occurrence of mutarotation, in the same way as 
in aqueous solutions of the sugars or sugar-lactones (compare Lowry and Krieble, Z. 
physikal. Chem., Bodenstein Festband, 1931, 881), since the specific rotatory power of a 
dilute aqueous solution fell from [«]54g, = 30-2° to 24-7° in 7 days; but observations on a 
more concentrated solution, in which the mutarotation of a sugar would have been im- 
mediately obvious, showed that, when air was excluded as far as possible, mutarotation 
was arrested completely over a period of 3 days, and only set in when access of oxygen was 
permitted. This result is in harmony with the statement of Cox, Hirst, and Reynolds 
(Nature, 1932, 130, 888) that “its solutions do not display mutarotation,” although a rapid 
diminution in the intensity of the absorption band at 2600 A.U. had previously been 
recorded by Herbert and Hirst (¢bid., p. 205). 

2. Rotetory Dispersion.—The rotatory dispersion of an aqueous solution of ascorbic 
acid containing 10 g./100 c.c. is shown in Table I, and is plotted in Fig. 1. The dispersion 
is anomalous, since the specific rotatory power rises to a maximum [«] = + 27-65° at or 
near the violet mercury line Hg 4358. The observed rotations obviously include a fositive 
term of high characteristic frequency and a negative term of lower frequency. The low- 
frequency term can be identified with the optical activity of the well-known band at 
2650 A.U. (Bowden and Snow, Nature, 1932, 129, 720; Herbert and Hirst, loc. cit.). It 
would therefore have been our normal procedure to follow the rotatory dispersion into the 
region covered by this absorption band, as has recently been done in the case of three 
aldehydic sugars (Hudson, Wolfrom, and Lowry, this vol., p. 1179). Unfortunately, as 
in the case of nicotine, the absorption is too intense for this to be practicable, since adequate 
transmission of light would only be possible at dilutions at which the rotatory power would 
be too small to be detected. The form of the curve can, however, be expressed by means 
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of a Drude equation, containing two terms of opposite sign. Since our data were not 
extensive enough to enable us to calculate four independent constants, a three-constant 
equation was used, in which the high-frequency dispersion constant was ignored, as in 
Drude’s equation for quartz. An empirical equation of this type, 
[x] = —8-464/(a2 — 0-05412) + 17-142/22, 
expresses the data in a satisfactory way, as can be seen from the smallness of the errors 
tabulated in col. 4 of Table I. 
The rotatory dispersion of a more dilute solution, containing only 0-615 g./100 c.c. of 
ascorbic acid, is shown as a broken line in Fig. 1. The rotations are uniformly higher, and 
show a maximum at a rather longer wave-length. The readings were carried a little further 








Fic. 1. 
Rotatory dispersion of ascorbic acid : (1) 10 G. per 100 c.c. (full curve) ; (2) 0-615 g. per 100 c.c. (broken 
curve). 
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into the ultra-violet, but the observed rotations were too small to provide accurate data 
for a mathematical analysis of the curve. 


TABLE I. 


Rotatory Dispersion of Ascorbic Acid in Water. 
(c = 10 g./100 c.c.; = 2dm.; ¢= 20°.) 





Ton 8-464 17:142 
[a]ea. = 5a = — ye — 905419 + 
Diff. Diff. 
obs. Gear. (O—C). [alors Qubs, Gear. (O—C).  [alubs. 

Li 6708 +3°31° +3°34° —0°03° +16°55° Hg 4358 +5°53° +5°59° —0°06° +27°65° 
Li 6104 +3°87 +3°87 + + 19°35 Fe 4085* +552 +550 +0°02 +27°60 
Hg 5780 +422 4422 + +21:10 Fe 4022* +542 +547 —0°05 +27°10 
Hg 5461 +458 +456 +0°02 +22-°90 Fe 3928* +5°31 +532 —0-°01 +26°55 
Cu 5105 +505 +494 4011 +425°25 Fe 3860* +5°20 +517 +003 +2600 
Zn 4811 +537 +527 +0710 +26°85 Fe 3847* +509 +513 —0°04 +25°45 
Li 4602 +546 +545 +0°01 +27°30 


* Photographic values, using iron arc. 





3. Influence of Dilution.—The broken curve of Fig. 1 shows that an increase of rotatory 
power on dilution takes place throughout the whole of the spectral range covered by the 
observations. Fuller data for the influence of dilution on the rotatory power of ascorbic 
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acid for five different wave-lengths over a range of concentrations from 10 to 0-6 g./100 c.c. 
are set out in Table II, and are plotted in Fig. 2. In the range from 10 to 5% the changes 
of specific rotatory power are not important, but a rapid increase is shown in the range 
from 2 to 0-6%. This increase may perhaps be attributed to a reversible hydration (cf. 
many compounds of the sugar series), but a proof of this cannot yet be offered. 


TABLE II. 


Influence of Concentration on the Specific Rotation of Ascorbic Acid. 
Solution. / (dm.). ¢ (g./100 c.c.). [a] e708: [a);780- [a] sa61- [a}esi1- [a]ssse- 
A 10°00 +16°55° +21-10° +22-90° +26°85° +27°65° 
4°47 +16-°80 +21°73 +23°40 +27°90 +30°80 
2°23 +17°05 +22°66 +24°22 +30°27 +33°85 
1°43 +17°72 +23°48 +25°43 +32°08 +36°13 
0°61 +19°23 +25°47 +27°92 +34°67 +37°13 


4. Influence of Alkali.—(a) Mutarotation. Addition of alkali produces a large increase 
in the optical rotatory power of ascorbic acid (Cox, Hirst, and Reynolds, Nature, 1932, 130, 


Fic. 2. 
Influence of dilution on the specific rotatory power of ascorbic acid at five wave-lengths. 
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888) and facilitates its oxidation so much that the compound is relatively unstable in 
alkaline solutions (Szent-Gyérgyi, Biochem. J., 1928, 22, 1387). The abrupt and very 
large increase of rotatory power which results from the addition of alkali to ascorbic acid 
is shown in a striking way in Fig. 3. Since oxygen was not rigidly excluded from the system, 
this increase was followed by a progressive decrease of rotatory power, due to oxidation, 
which led to a reversal of sign in 28 days and to a negative rotation [«]5%,, = — 21-5° at 
the end of 51 days. Hirst (Chem. and Ind., March 10, 1933, 221) records a similar negative 
rotation [«]» — — 6° in a solution which had been oxidised with sodium hypochlorite 
and then allowed to undergo mutarotation. 

Although our preliminary measurements thus showed a rapid mutarotation in presence 
of alkali, no immediate mutarotation was observed when an aqueous solution, containing 
1-44 equiv. of sodium hydroxide, was kept in an atmosphere of nitrogen, since a complete 
curve of rotatory dispersion was plotted without any correction for mutarotation being 
necessary. Under the conditions of our experiment it would, however, have been im- 
possible to detect either the ordinary mutarotation of a reducing sugar, which would be 
excessively rapid in presence of so large a proportion of free alkali, or a transformation of 
the Lobry de Bruyn type, which would have given rise to an excessively slow mutarotation. 

(b) Rotatory dispersion. In order to measure the rotatory dispersion of ascorbic acid 
in presence of an excess of alkali two series of observations were made with unoxidised 
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solutions, the optical rotatory power of which was checked repeatedly for three mercury 
lines as a control on the stability of the solutions. The concordant observations obtained 
in this way are set out in Table III, and are plotted in Fig.4. The broken curve in Fig. 4 


Fic. 3. 
Change in rotatory power in an alkaline solution of ascorbic acid. 
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Rotatory dispersion of ascorbic acid in an alkaline solution : (1) No oxidation (full curve) ; (2) partial 
oxidation (broken curve). 
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shows the decrease of rotatory power, throughout the whole spectral range of the observations, 


which resulted from partial oxidation of one of the solutions. 
The anomalous rotatory dispersion of ascorbic acid disappears completely in the alkaline 
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solutions, the dispersion of which is not only normal but apparently simple.* This is seen 
clearly in Table III, where the differences tabulated in col. 5 show the deviation of the 
observed values from those calculated by means of the equation [«] = 33-81/(a? — 0-06589). 


TABLE III. 


Rotatory Dispersion of Ascorbic Acid in Alkaline Solution. 
(1°44 equivalents of NaOH.) 
Solution (a) c = 0°6154 g./100 c.c.; = 6dm.; t= 20°. 
(b) c = 0°5964 g./100 c.c.; /= 4dm.; t= 20°. 
[a]eatee = 33°81/(A2 — 0°06589), 
Diff. Diff. 
A. Soln. abs, = eaic. {(O — C).  [a}urs. A. Gods. Geate. (O —C). [alobs. 
Li 6708 3°16° 3:14° +0°02° 886° Hg 5461 3°52°  3°47° =—+0°05° 147°5° 
Zn 6362 3°67 3°56 +0°12 102-9 Cu 5219 5°79 5°84 —0°05 162°4 
Li 6104 3°92 3°93 —0O01 109°9 Cu 5153 6-01 604 —003 1685 
Cu 5782 4°50 449 +0°01 126-2 Cu 5105 6°23 619 +004 174-7 
Hg 5780 4°54 4°50 +0°04 1273 Zn 4811 7°28 729 —0O01l 2041 
Hg 5780 3°04 3°01 +0°03 127°5 Cd 4800 7°31 7°35 —0°04 204°9 
Cu 5700 4°65 4°66 —0O°01 130°4 Hg 4358 6°62 6°50 +0°12 277°5 
Hg 5461 522 519 +003 1464 
(c) Progressive neutralisation. Birch and Harris (Biochem. J., 1933, 27, 595) by a 
micro-electrometric titration have established the existence of ‘ neutralisation ’’ points 
at px, = 4:17 and 11-57, the former in weakly acid and the latter in strongly alkaline 
solutions. The influence of progressive neutralisation on the rotatory power of ascorbic 
acid is shown in Fig. 5. Up to one equivalent the increase of rotatory power is roughly 
proportional to the amount of alkali added ; but the increase continues up to 1-5 equivalents, 
and even then has scarcely reached a maximum. This further increase might be due to a 
reversible neutralisation, but other factors would require careful study before such a 
conclusion could be definitely established. 


ceeeeect 


EXPERIMENTAL. 


Materials.—The two samples of ascorbic acid (designated I and II) supplied by Professor 
Szent-Gyérgyi, on micro-analysis (by Dr. A. Schoeller of Berlin), gave the following figures : 


I. C, 40-86, 40-88; H, 4-58, 4-68; residue on ignition, 0-19%. 
II. C, 40-75, 40-76; H, 4-80, 4°71; residue on ignition, 0-10%. 


Calc. for CsH,O,: C, 40-91; H, 457%. 


* [Note added, November 6th.] 

In a paper which has appeared since the present communication was made, Hirst and others have 
shown (this vol., p. 1280) that the well-known absorption band of ascorbic acid at 2650 A.U. is also 
characteristic of the sodium salt. The contrast between the anomalous rotatory dispersion of the acid 
and the apparently simple rotatory dispersion of its sodium salt is therefore not due to any marked 
change in the ultra-violet absorption of the acid on neutralisation, although profound alterations in the 
Schumann region could not be detected by the methods which are now in general use. The data now 
recorded suggest that the optically active absorption band, which is associated with the low-frequency 
negative partial rotation of ascorbic acid in aqueous solutions, becomes relatively inactive or may even 
undergo a reversal of sign in the sodium salt. 

A similar observation has already been made in the case of nicotine, where the absorption band at 
2650 A.U., which dominates the strong levorotation of the base, becomes inactive in the kation of the 
zinc chloride compound, the simple dextrorotation of which has a characteristic frequency in the Schu- 
mann region at 1480 A.U., although the ultra-violet band is actually twenty times stronger than that of 
the base. In the present instance the strong simple dextrorotation of the salt, which has a characteristic 
frequency at 2567 A.U., can probably be associated with the absorption band at 2650 A.U.; but the 
origin of the levorotatory partial rotation of the acid is still uncertain, as its absorption is too intense to 
permit of observations within the band, which are essential for a complete analysis of its complex 
rotatory dispersion. 

On the basis of these observations it now appears likely that the conversion of the complex dispersion 
of tartaric acid and its esters into a simple dispersion in certain cyclic derivatives (Brynmor Jones, this 
vol., pp. 788, 951) may be due to a change in the optical activity of the ultra-violet absorption bands 
rather than to any profound change in the absorption bands themselves. T. M.L. 
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I consisted of heavy white crystals and appeared to be almost completely pure, II was pale 
cream and the crystals were lighter than I; it appeared less pure than I, since its specific 
rotation in water under comparable conditions was definitely lower : 


I. 0-3077 g. in 50 c.c. (1 = 6) gave os4g, = 1-03°, [a]3in = 279°. 
II. 0:1568 ,, ,, 26-1 ,, (2 = 4) gave 545; = 0°62°, [o]%, = 25°8°. 


In consequence of this, all the work described in this paper was carried out on sample I. 
Methods of Measurement.—The measure- 

ments of opticalrotatory power were made by , Pia. 6. —— 

methods which have already been described. Changes of specific rotatory Pecan of carrer haya on 

Rigorous exclusion of oxygen was essential, POPES Sen ay Meee Sey 

however, especially from the alkaline solu- 

tions. The aqueous solutions were there- Lan 


fore prepared with water which had been ra 








boiled and cooled in a current of nitrogen; 
and a stream of damp nitrogen was also 
passed continuously over the surface of the 
solution in the polarimeter tube, through 
a small aperture in a rubber stopper. The 
broken curve of Fig. 4 shows the effect of 
the oxidation which took place when, owing 
to leakage at an end-plate, an alkaline 
solution was transferred to a stoppered flask 
over-night, without maintaining the current 
of nitrogen. 








SUMMARY. 





1. Aqueous solutions of ascorbic acid 
do not undergo mutarotation in the 
absence of oxygen, but they exhibit 
anomalous rotatory dispersion, with a 
maximum in the violet. 

2. Alkaline solutions also do not 
undergo mutarotation in the absence of / 





oxygen, but the rotatory power is much 
higher and the rotatory dispersion is 


apparently simple. 
3. The rotatory power of ascorbic 
acid is increased by dilution and by the 


addition of alkali, but that of alkaline 20 
solutions diminishes and then becomes 0 0-5 7-0 
negative on atmospheric oxidation. £guivalents of NaOH present. 
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340. The Measurement of Surface and Interfacial Tensions. 


By J. CLARE SPEAKMAN. 


FerRGuson and Dowson (Tvans. Faraday Soc., 1922, 17, 384) introduced an important 
modification of the capillary-rise method for measuring surface tensions, which consisted 
in determining the pressure needed to depress the meniscus down the capillary tube to a 
selected level. The method was further used by Edwards (J., 1925, 127, 744), by Ferguson 
and Hakes (Proc. Physical Soc., 1929, 441, 214), and independently by Ali (Proc. Indian 
Assoc. Cult. Sci., 1925, 9, 155) who made rather bold claims for the accuracy attainable. 
The manner of measuring interfacial tensions described by Bartell and Miller (J. Amer. 
Chem. Soc., 1928, 54, 1961), though not obviously similar, is essentially closely related. 
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The present paper shows how certain advantages additional to those listed by Ferguson 
and Dowson (loc. cit.) can be realised by using ‘wo capillary tubes of different bores and 
observing the difference between the pressures required to depress the meniscus to the 
same level in each successively; and it is further shown that interfacial tensions can be 


measured in the same way in the same apparatus. 


EXPERIMENTAL. 


Measurements were made in the apparatus T (see fig.), which could be immersed in a glass 
trough of water for purposes of temperature control. F and W are the capillary tubes, and in 
the particular instruments used these were about 22 cm. long and had internal radii of about 
0-02 and 0-06 cm. respectively. Some 5 c.c. of liquid were placed in the apparatus before it was 
connected as shown in the diagram. Suction was applied at A by means of a water aspirator 
designed so as to allow either rapid or slow action. The pressure, P,, needed to force the meniscus 
in the wider capillary (W) down to some arbitrary level was measured on the manometer (M), 
the meniscus being adjusted so that its convex edge coincided with the eye-piece marking of a 
low-powered travelling microscope and being illuminated from behind. The microscope, 
which had been levelled by use of a spirit level, was then turned on the other capillary (F) and 
the pressure, P,, needed to bring the second meniscus to the eye-piece marking also observed. 
The difference, P, — P, = AP, was a measure of the tension as will be shown. 
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It was imperative to connect both sides of the apparatus T to the manometer as shown; 
if this were not done the menisci were very unsteady, in particular being disturbed by any 
sharp sound (presumably on account of the compression in the sound wave). It was also desir- 
able to increase the capacity of the system by adding the reservoirs R, and these were water- 
jacketed. 

Absolute alcohol was originally used as manometric liquid, following the practice of many 
previous workers. It was, however, found to be highly unsuitable; it is hygroscopic and the 
absorption of water is accompanied by a serious increase of density (1 or 2% during a month, 
for instance). cycloHexane was substituted for alcohol and found to be satisfactory, the choice 
being made because this liquid is stable in this respect and has as low a density as alcohol. 

Calculation of Results—The derivation of surface or interfacial tensions from the values of 
AP permits of a high degree of precision. The contact angle must be zero (or be exactly known), 
a limitation which, however, necessarily applies to all similar methods of measuring surface 
tensions. It being assumed for the moment that the menisci in the capillaries are hemispherical, 
then if p, and #, are the pressure differences existing there on account of the curvature of the 
surfaces, and if y, and 7, are the internal radii, in W and F respectively, it follows that 


py = 2ylrandp,= 2g. 2 2 we ee DD 
Between the determinations of P, and P,, as consideration of the fig. will show, the liquid as a 
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whole moves downwards in the capillaries by an amount Ah/ and upwards in L, by an amount 
Ax. These quantities are determined by the following equations : 


Ah=(~,—?P)/pee . . « «© «© «© «© « e (9) 
from considerations of hydrostatic pressure, p being the density of the liquid, and 
ST heeds i, ee ee ee ee ee ee ee 
provided the tubes may be assumed to have uniform bores. Finally, we have 
Fy OSE 6 eS SS a a ee ee 
mr +E + OR 8 we 8 oe 


K being a constant for any single pair of observations. Subtracting (4) from (5), substituting 
from (1), (2), and (3), and simplifying, we have 
7,* a a 
P, — P, = AP = (pf, — p1)\1 + —7— 


2 
’3 


whence y = aP/a{1 + 4 *#}(7 _ 7) .« +. - * aoe 


7," ie) Y) 
1.€., y=C.AP i ec eh & 4 ek ee oe 


The constant C may be calculated from measurements of 7,, 72, and 7,;. This was done in the 
present work in order to check the results; 7, and y, were found by observations on threads of 
mercury, the uncertain ‘‘ end correction”’ being eliminated by the procedure described by 
Harkins and Brown (J. Amer. Chem. Soc., 1919, 41, 503), and 7, by use of calipers; more simply, 
C can be found by calibration with a liquid of known surface tension. 

It will be noticed that the 7, and yr, occurring in the term 1/r, — 1/7, of equation (6) are not 
strictly the same quantities as those in the other term in the denominator; the former refer to 
a particular level of the apparatus, whilst the latter are average values. Since, however, the - 
term in which the latter occur differs only slightly from unity, no appreciable error is introduced 
by assuming them to be the same [?.e., by assuming for the purpose of equation (3) that the tubes 
are uniform]. 

The above treatment refers to surface tensions. When it was desired to measure interfacial 
tensions, the experimental procedure was similar. The interface was formed either above or 
below the capillaries, as the system demanded, so that the menisci could be drawn in the direction 
of their convexity. Sufficient of the two phases needed to be present for their free surfaces to 
lie in the limbs L, and L,. If ep; and pe, are the densities (bulk) of the upper and the lower 
phase, a similar treatment to that given previously leads to the corresponding formula 

-_ (7:2 + 72") (2 + a \(* ~ ) 8 
m ap/2{t ‘ v3" (P2— Pi)J ng 4 a 
When the densities approach equality the term (p, + ¢)/(p, — p1;) becomes large and the 
method inaccurate or even inapplicable; but the same is true of all known methods of measuring 
interfacial tensions. 

So far no account has been taken of the fact that the meniscus will depart somewhat from 
the truly hemispherical form; allowance must be made for this in all but the most approximate 
work. Ferguson and Dowson (/oc. cit.) make use of Rayleigh’s formula (Proc. Roy. Soc., A, 
1916, 92, 184), but their treatment subsequently contains so many approximations as to lose 
much in precision. The results of Bashforth and Adams, which have been made generally 
available in the form of tables by Sugden (J., 1921, 119, 1483), enable a very exact computation 
to be made. If, in equations (1), and in the terms of (6) and (8) derived from (1), 7, and r, 
are replaced by b, and b,, which are defined as the radii of curvature of the surfaces at the poles 
of the menisci, then these equations become rigidly true. Sugden’s table gives the value of 
v/b when v/a * is known. So, for example, an approximate value of y may be obtained from 
equation (6) and thence one of a. From this are calculated in turn r/a, 7/b (from the table), 
and a more exact value of y, the process being repeated if need be until a constant value emerges 
though in practice one such approximation is usually enough. 

* In accordance with common practice the capillary constant is defined by the equation, a* = 
2y/(p2 — pig, pe and p, being the densities of the phases at equilibrium. Some authors, however, 
including Rayleigh and Ferguson and Dowson, use an a? which has half this value. 
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Sufficient accuracy for most purposes is maintained by using a simple empirical formula 


based on Sugden’s table, viz., 
wmC@.BF . «+ 6s ws ts ee we ee 


where ¢ is a correction factor having the value (1 — 0-3r,7,/a*) for radii of the order of those used, 
and where C is a constant as in (7). This correction factor may also be introduced into (8) for 
an interface. 

Resulis.—The method was tested by absolute determinations of the surface tensions of water 
and benzene and of the interfacial tensions of benzene—water, ether—water, and water—chloro- 
form. The water was distilled, the benzene was of ‘‘ A.R. ’’ quality, and the ether and chloro- 
form were purified by distillation. Before each set of observations, the apparatus (7) was 
steamed out and dried by drawing a current of filtered air through it. The manometer was 
read by means of an engraved mirror scale, on which it was found that pressure readings could 
be reproduced to within 0-02 cm. In each experiment a series of observations was taken at 
different levels, and the results were worked out with equation (9) or with a corresponding one 
for interfacial tensions. The slight variations in the term 1/ry, — 1/r, correspond to different 
levels of the apparatus and are due to the lack of exact uniformity in the capillary tubes, such 
exact uniformity not being required by this method. Densities when required were taken from 
the ‘‘ International Critical Tables,’”’ as also were the surface and interfacial tensions given 
below for comparison (in parentheses). The “‘ gauge factor ’’ is the quantity by which mano- 
meter readings must be multiplied in order to convert them to dynes per sq.cm. The following 
tables give representative results. 


I. Surface tension of benzene. 
Approximate radii: 7, 0°019, r, 0°059, 7, 0°50 cm. Temp. 16°. Gauge factor 767°0. ¢ 0°995. 
Pressure differences. 


es 


——- 
AP 
Manometer AP 1+ ry? + 7,* Se. Surface 
(cm.). (dynes/cm.?). Ye 1 tension, y. 
2°82 2163 2123 35°84 29°5 
2°80 2148 2108 35°74 29°3 
2°79 2140 2100 35°59 29°3 
2°80 2148 2108 35°51 29°5 
2°76 2116 2078 35°11 29°4 
Mean 29°4 (29°40) 





II. Surface tension of water. 
Approximate radii: r, 0°025, r, 0°061, 7, 0°50 cm. Temp. 19°. Gauge factor 764°3. ¢ 0°997. 


4°60 3517 3457 23°63 73°0 
4°58 3501 3442 23°61 72°7 
4°62 3533 3473 23°65 73°2 
4°61 3525 3465 23°65 73°1 
Mean 73°0 (72°90) 


III. Interfacial tension of benzene-water. 
Approximate radii: asin II. Temp. 23°. Gauge factor 760°9. ¢0°999. p, 0°878, p, 0°998. 


Pressure differences. 





AP 
Manometer AP 14 “et 72°)(P2 + Pi) >) ae Interfacial 
(cm.). (dynes/cm.’). ¥3"(p2 — P1)  —— tension, yj. 
2°67 2028 1599 23°63 33°9 
2°70 2052 1615 23°65 34°2 
Mean 34°(1) (34°23) 








IV. Interfacial tension of ether-water. 
Approximate radii: asin I. Temp. 19°. Gauge factor 764°3. ¢0°993. p,0°717. p, 0°997. 
118 902 807 35°74 11-2 
1°15 878 787 35°65 10°9 


114 871 780 35°59 10°9 
Mean 11-(0) (10-7 at 20°) 
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V. Interfacial tension of water-chloroform. 
Approximate radii: asin II. Temp. 23°. Gauge factor 760°9. ¢0°996. p,1:000. p, 1°483. 


2°19 - 1665 1530 23°65 32°4 
2°11 1605 1473 23°63 31:2 
2°22 1688 1550 23°63 32°8 
2-08 1552 1425 23°63 30°8 


Mean 32 (32°8 at 20°) 


With the surface tensions the agreement between the values found and the accepted ones is 
very close; for the interfacial tensions it is also satisfactory though not so close; this is to be 
expected in view of the greater difficulties attending the measurement of interfacial tensions, 
the susceptibility of the results to any error in the densities of the conjugate solutions, and a 
possible unreliability in the accepted data (e.g., cf. Bartell, Case, and Brown, J. Amer. Chem. Soc., 
1933, 55, 2769). Itshould be pointed out that the accuracy of this test was limited by the means 
used for reading the manometer, and if a more accurate means were adopted it seems certain 
that a corresponding increase in the accuracy of the results would follow. 

The advantages of the method over others of the “‘ capillary rise ’’ type may be summarised : 
(1) It is unnecessary to search for capillary tubing of exactly uniform bore. (2) The uncertainty 
regarding the position of the free surface of the liquid in an outer vessel is eliminated, as is also 
the question of its departure from the planar. The method is therefore open to precise mathe- 
matical treatment. (3) Surface and interfacial tensions can be measured and compared in the 
same apparatus. 

It is concluded, not only that the method as described is a reliable one, but also that it can 
be adapted with advantage over others to work of the very highest accuracy. 


SUMMARY. 


A modification of existing methods for measuring surface and interfacial tensions is 
described, consisting in observing the difference between the pressures required to force 
the menisci in two capillary tubes of different bores to the same arbitrarily selected level. 
The method is shown to have certain advantages over others. 


THE UNIVERSITY, SHEFFIELD. (Received, September 27th, 1933.] 









341. The Relationship between the Three Forms of cis-Cinnamic Acid. 
By H. V. W. Rosinson and T. CAMPBELL JAMEs. 


MEYER and PuKALL (Z. physikal. Chem., 1929, 145, 360) observed important differences in 
the rates of addition of bromine to the three cis-cinnamic acids, and concluded that these 
acids were isomeric and not merely polymorphic. 

The type of reaction studied by these authors has also been investigated in these 
laboratories, and it has been shown by Williams and James (J., 1928, 343) that the addition 
of bromine to unsaturated acids and esters in the dark in non-hydroxylic solvents is an 
autocatalytic reaction, evidence being brought forward to show that the catalyst is hydrogen 
bromide. 

Cinnamic acid has been shown to belong to a class of substance to which bromine, after 
a preliminary inhibition period, is added very slowly at first, but with an increasing velocity. 
By addition of hydrogen bromide to substances of this class, the inhibition period disappears, 
the rate of addition is considerably increased, and the reaction becomes bimolecular. Under 
the conditions of working, cinnamic acid showed an inhibition period of about 22 hours 
and cis-cinnamic acid one of about 7 hours (Hanson and Williams, J., 1930, 1062). 

The rates of addition of bromine to solutions of the various forms of cis-cinnamic acid 
have now been determined in the dark, and under strictly equivalent conditions no differ- 
ences can be detected. The three forms have been examined in pairs, each of the less 
stable forms being directly compared with the allo-cinnamic acid (m. p. 68°). 


EXPERIMENTAL. 


The three forms of cis-cinnamic acid were prepared by hydrogenating phenylpropiolic acid 
by Paal and Hartmann’s method (Ber., 1909, 42, 3930). A first preparation gave Liebermann’s 


5B 
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isocinnamic acid, m. p. 58°: subsequent preparations in the same laboratory gave the allo- 
acid, m. p. 68°. 

Erlenmeyer’s isocinnamic acid (m. p. 42°) was prepared as follows: A small portion of the 
68° acid was heated about 20° above its m. p. in a sealed capillary tube for } hour and then 
allowed to cool slowly. The contents of the tube ultimately solidified, and subsequently melted 
at 42°. A larger mass of al/o-cinnamic acid was then melted in a sealed tube, and kept at 80° 
for 3 hours. After cooling, the melt remained liquid for several weeks. The tube was then 
opened and inoculated with the contents of the capillary (m. p. 42°). Solidification took place 
immediately, and a product with m. p. 42° was obtained. The acid was stored in a sealed vessel 
in a dark cupboard; its m. p. remained constant over a period of 6 weeks, and it was then used 
for the present investigation. 

M /20-Solutions of the different forms of cis-cinnamic acid were made in pure carbon 
tetrachloride, to which a definite volume of a solution of hydrogen bromide in the same solvent 
had been added, viz., 1-00 c.c. of an approx. 0-2% hydrogen bromide solution per 100 c.c. of 
solvent. An M/20-solution of bromine in the same solvent was added in equivalent amount, 
and the mixture kept in the dark at 16°. The volume of bromine absorbed after definite in- 
tervals of time was measured by titration with standard sodium thiosulphate solution. 

The rate of addition of bromine to trans-cinnamic acid under identical conditions was deter- 
mined, and is included for purposes of comparison. 

The results are tabulated below, together with the bimolecular constant, k = 1/t. */a(a — x), 
where / is the time in hours, a is 10, and # is the amount of change expressed in c.c. 


Comparisons of (A) allo- and iso-(m. p. 58°) with trans-cinnamic acid; 

(B) allo- with iso(m. p. 42°)-cinnamic acid (more concentrated catalyst than in A). 

B. 

k x 104. a— x. k x 104, 
~ <i ~ | (an, 
tyans. . ISO. . allo. 1S0. allo. iso. ‘ iso. 
10 — — 10 10 — — 
9°26 , , , 277 264 665 6°53 5 531 
sn : . 270 279 5°60 5°48 
anes 269 276 4°79 4°73 
8°49 "2 — — — —_— 
— 4 i 269 263 4°22 4°34 
8°18 , 6 285 262 3°83 3°93 
— “9: 5° 291 265 3°49 3°54 
7°81 —_ — 3°24 








or 


or 
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SUMMARY. 
The rates of addition of bromine to the three forms of cis-cinnamic acid in solution in 
carbon tetrachloride, with hydrogen bromide as catalyst, have been determined, and are 
such as to indicate that, in solution, the three forms are identical. 


THE Epwarp Davies LABORATORIES, 
UNIVERSITY COLLEGE OF WALES, ABERYSTWYTH. (Received, September 12th, 1933.] 





342. Arsonic Acids of the Fluorenone and the Fluorenol Series. 
By GILBERT T. MorGAN and JESSIE STEWART. 


THE most promising of those derivatives which we have already recorded as having been 
prepared from 7-aminofluorenone-2-arsonic acid (I) during our investigation of the thera- 
peutic effect of introducing arsenic into the fluorenone molecule (J., 1932, 1634) are the 
7-acetamido-, 7-carbamido-, 7-hydroxy-, and 7-acetoxy-fluorenone-2-arsonic acids. 


CO CO 


H,N \7s0.H HN-CO-CH,"HN sO.H, 
bile es ro ¢O-NHR> <7 es oe 


In continuation of this work we have increased the length of the side chain of the 
carbamido-compound to give ureides of the general formula (II), but this alteration in 
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structure has been accompanied by very rapid decrease in trypanocidal activity. On the 
other hand, 7-carbamylmethoxyfluorenone-2-arsonic acid (III; R = CH,°CO-NH,) is more 
potent than is the 7-acetoxy-member (III; R = CO-CHs) of this series of 7-oxy-derivatives. 


CO CH-OH 


(111) ee wn 0 © 8 a, wi 


In accordance with our intention (J., 1931, 621) to use 2-aminofluorenol as a starting 
material in the production of substances likely to be of interest in chemotherapy we intro- 
duced arsenic into position 2 of the fluorenol molecule, but in consequence of the instability 
of the 9-hydroxy-group towards oxidising agents we abandoned the attempt to prepare 
7-aminofluorenol-2-arsonic acid by substitution at position 7 of 9-fluorenol-2-arsonic acid on 
finding that we could pass readily from the fluorenone to the fluorenol series by catalytic 
reduction of the keto-group of 7-aminofluorenone-2-arsonic acid. 

Simple derivatives of 7-aminofluorenol-2-arsonic acid of the type (IV), selected by 
analogy with those members of the fluorenone series (loc. cit.) which do exert a curative 
action when tested on experimental trypanosomiasis in mice, exhibit, with two exceptions, 
only a very slight degree of activity. 7-Acetamidofluorenol-2-arsonic acid, like the corre- 
sponding acetamidofluorenone-2-arsonic acid, is curative in doses which do not exceed 
one-half of the minimum lethal dose of the drug. 9-Fluorenol-7-glycineamide-2-arsonic 
acid is more efficacious than is the analogous fluorenone derivative. 

The chemotherapeutic reports from Professor Warrington Yorke of the Liverpool 
School of Tropical Medicine on the sodium salts of these compounds are summarised in 
the following table. 

Tr. Equi- 
Sodium Salt. perdum. M.L.D.* Trypanocidal Potency. 
L-luorenone Series. 
7-Glycineureide (II; R= H) M.C.D.* = 6 
7-Glycinemethylureide (II; R = Me) Inactive 
7-Glycinephenylureide (II; R = Ph) Slight activity in maximum doses 
7-Carbamylmethoxy (III; R = CH,*CO-NH,) d M.C.D. = 10 


Fluorenol Series. 
7-Amino (IV; R= H) 10—1 { Curative in maximum doses 


7-Acetamido (IV; R = COMe) M.C.D. = 15 
7-Glycineamide (IV; R = CH,°CO-NH,) 1—1 30—50 M.C.D. = 12°5 
7-Carbamido (IV; R = CO-NH,) 15—30 Some in maximum doses 
7-Methylcarbamido (IV; R = CO*NHMe) ... 3—-1 12°5 Slight in maximum doses 
7-Phenylcarbamido (IV; R= CO*-NHPh) ... 10—l1 12°5—20 Some in maximum doses 

* M.L.D. and M.C.D. = Minimum lethal dose and minimum curative dose, respectively, in mg. 
per 20 g. mouse. 

EXPERIMENTAL. 


Fluorenone-7-glycineureide-2-arsonic Acid (Il; R =H).—A solution of sodium amino- 
fluorenone-2-arsonate (7-8 g.) in hot water (150 c.c.) was boiled for 4 hours with chloroacetyl- 
carbamide (3-6 g.), sodium iodide (3-6 g.), 2N-sodium hydroxide (2-5 c.c.), and absolute alcohol 
(50 c.c.). A preliminary purification of the red-purple glistening precipitate (6-5 g.) was effected 
by regenerating it with N-acetic acid from its solution in N-ammonium hydroxide, and heating 
gently to coagulate the product (4-9 g.). For analysis it was precipitated from a hot aqueous 
Solution of its sodium salt by 2N-acetic acid and coagulated by the addition of absolute alcohol, 
forming red-purple filaments (Found: As, 18-2; N, 10-4. C,,H,,O,N,As requires As, 17-9; 
N, 10-0%). 

The sodium salt crystallised from hot water in minute purple needles (Found after dehydr- 
ation: As, 16-9; N, 9-5. C,gH,,;0,N,AsNa requires As, 17-0; N, 9-5%). 

Fiuorenone-7-glycinemethylureide-2-arsonic acid (11; R = Me) was isolated as red needles 
when chloroacetylcarbamide was replaced by «-chloroacetyl-f-methylcarbamide (Jacobs, 
Heidelberger, and Rolf, J. Amer. Chem. Soc., 1919, 41, 473) and the condensation was carried 
out in 50% alcohol. 

The sparingly soluble sodium salt (1H,O) separated from hot alcohol—water in red filaments, 
Its aqueous solutions showed great tendency towards gel formation (Found after dehydration : 
As, 16-6; N, 9:2. C,,H,,0,N,;AsNa requires As, 16-5; N, 9-2%). 
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Fluorenone-7-glycinephenylureide-2-arsonic acid (II; R = Ph) was isolated as bright red 
filaments when a-chloroacetyl-8-phenylcarbamide was used in the foregoing condensation 
(Found: As, 15-2. C,,H,,0O,N;As requires As, 15-2%). 

The sparingly soluble sodium salt separated from water—alcohol in bulky orange-pink fila- 
ments (Found after dehydration: As, 14-6; N, 8-3. C,,H,,O,N;AsNa requires As, 14-5; N, 
8-1%). The disodium salt (6H,O) was slightly more soluble in water to a deeper purple solution 
(Found: As, 11-6. C,,H,,O,N,AsNa,,6H,O requires As, 11-6%). 

Sodium 7-Carbamylmethoxyfluorenone-2-arsonate (II1; R = CH,*CO*-NH,).—A solution of 
7-hydroxyfluorenone-2-arsonic acid (3-2 g.) in 2N-sodium hydroxide (12-5 c.c.) and water 
(40 c.c.) was boiled for 5} hours with chloroacetamide (1-4 g.). On cooling the solution at 0° 
for 24 hours, a yellow solid was slowly precipitated ; it was washed with alcohol and recrystallised 
from hot water, separating in minute yellow plates. Only the first fraction (0-8 g.), however, 
was free from unchanged hydroxyfluorenonearsonic acid (Found after dehydration: As, 18-7. 
C,,;H,,O,NAsNa requires As, 18-8%). 

2-Amino-9-fluorenol was prepared in quantity by the reduction of an alcoholic suspension 
of 2-nitrofluorenone at 50° with hydrogen under a pressure of 60 atmospheres in the presence 
of 5—6% of platinic oxide. It was separated from the catalyst and purified by conversion into 
its readily soluble hydrochloride. 

9-Fluorenol-2-arsonic Acid.—A solution of 2-amino-9-fluorenol (8 g.) in water (90 c.c.) and 
10N-hydrochloric acid (10 c.c.) was diazotised at 0° with sodium nitrite (3-2 g.) dissolved in 
water (20 c.c.). The resulting solution of the diazonium chloride was converted by the Bart 
reaction into the corresponding arsonic acid, which separated from hot alcohol in minute needles 
(Found: As, 24:5. ©C,,;H,,O,As requires As, 24:5%). 

The sodium salt crystallised from water—alcohol in yellow needles (Found after dehydration : 
As, 22-65. C,,;H,0,AsNa requires As, 22-9%). 

Sodium 7-Aminofluorenol-2-arsonate.—A solution of sodium 7-aminofluorenone-2-arsonate 
(20 g.) in 50% alcohol (400 c.c.) was reduced at 50° with hydrogen under a pressure of 60 
atmospheres. After removal of platinum catalyst and of any unreduced material which had 
separated, the filtrate was concentrated to small bulk and the required fluorenol derivative 
was precipitated, by the addition of absolute alcohol, as an almost colourless solid, which 
tended, however, to develop a pink colour on exposure (Found after dehydration: As, 21-7. 
C,3;H,,O,NAsNa requires As, 21-99%). The corresponding acid was liberated from an aqueous 
solution of the sodium salt by the careful addition of dilute acid (Found: As, 23-2. 
C,;H,,0,NAs requires As, 23-4%). It was appreciably amphoteric and dissolved readily in 
excess of mineral acid. 

7-A cetamido-9-fluorenol-2-arsonic Acid (IV; R = COMe).—When sodium aminofluorenol- 
2-arsonate (8 g.) was shaken with acetic anhydride (16 c.c.), complete solution took place almost 
immediately and the temperature rose rapidly. The mixture was straightway cooled, poured 
into water (100 c.c.), thoroughly agitated to induce precipitation of the yellow acetyl compound, 
and the colloidal product (6-7 g.) was coagulated by vigorous stirring. Repeated digestion 
with hot alcohol separated the crude material into two portions, the one (4-4 g.) undissolved in 
alcohol, the other (1-8 g.) separating from its alcoholic solution on concentration to very small 
bulk (Found in the soluble portion: As, 20-4. C,;H,,O;NAs requires As, 20-7%). 

The pale yellow sodium salt prepared from the latter was readily soluble in water to a red- 
yellow solution (Found after dehydration: As, 19-1. C,;H,,;0;NAsNa requires As, 19-5%). 

The major portion of the acetyl derivative (Found: As, 20-0%) was converted into its 
sodium salt by warming it with the requisite amount of dilute aqueous sodium hydroxide, and 
reprecipitated from this solution with 2N-hydrochloric acid. The product (3-9 g.) was digested 
with alcohol : a small quantity (0-5 g.) remained undissolved and its analysis indicated that it 
was the diacetyl compound 1-acetamido-9-acetoxyfluorene-2-arsonic acid (Found: As, 18-9. 
C,,H,,O,NAs requires As, 18-5%) ; but the remaining portion now separated in a pure condition 
from the alcoholic concentrate (Found: As, 20-5%). 

More drastic treatment with acetic anhydride increased the proportion of 7-acetamido-9- 
acetoxyfluorene-2-arsonic acid. Sodium aminofluorenol-2-arsonate (4 g.) was boiled under 
reflux for 1 hour with acetic anhydride (l5c.c.). The deep yellow product (3-5 g.) was recrystal- 
lised from alcohol (50 c.c.) and thereby separated into the sparingly soluble diacetyl derivative 
(0-75 g.) (Found: As, 18-8%) and the more readily soluble N-acetyl compound (2 g.) (Found : 
As, 21-0%). 

9-Fluorenol-7-glycineamide-2-arsonic Acid (IV; R = CH,*CO*NH,).—A solution of sodium 
aminofluorenol-2-arsonate (7-6 g.) in water (40 c.c.) was boiled for 2 hours with chloroacetamide 
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(3-6 g.), sodium iodide (3-6 g.), and absolute alcohol (40 c.c.). Pale pink, minute needles of the 
glycineamide (3-7 g.) which separated were filtered off from the hot reaction mixture and purified 
by conversion into sodium salt and decomposition of the latter in aqueous solution with 
2N-acetic acid (Found: As, 19-8. C,;H,;0;N,As requires As, 19-85%). 

The sodium salt separated from water—alcohol in very pale pink filaments, which dissolved 
readily in water to a red solution (Found after dehydration: As, 18-5. C,;H,,O;N,AsNa 
requires As, 18-75%). 

9-O-Carbamylmethylfiuorenol-7-glycineamide-2-arsonic Acid.—When the alcohol of the 
filtrate from the deposition of 9-fluorenol-7-glycineamide-2-arsonic acid in the foregoing pre- 
paration was distilled off, there remained a concentrate which deposited a dull pink-buff powder 
(3-4 g.) (Found: As, 16-8. C,,H,,0,N,As requires As, 17-2%). Its conversion into sodium 
salt, followed by precipitation from an aqueous solution of the latter with 2N-acetic acid, 
yielded a practically colourless product (Found: As, 16-8%). Recrystallisation from alcohol— 
water proved both wasteful and destructive as an alternative method of purification. A sample 
of the crude material (7-4 g.) was digested several times with 50% alcohol until practically no 
more solid would dissolve. The now colourless residue (1-7 g.) was pure 9-O-carbamylmethyl- 
fluorenol-7-glycineamide-2-arsonic acid (Found: As, 17-2. C,,H,,0,N;As requires As, 17-2%). 
The concentrate from the alcohol—water extracts deposited a small amount of the simple glycine- 
amide in a state of purity (Found: As, 19-7%), followed by a less pure main fraction (Found : 
As, 18-9%). 

The disodium salt separated from water-—alcohol as almost colourless filaments (Found after 
dehydration : As, 15-6. C,,H,,O,N,;AsNa, requires As, 15-6%). M.L.D.20mg. Therapeutic 
action—nil. 

7-Carbamido-9-fluorenol-2-arsonic Acid (IV; R = CO*NH,).—Solutions of potassium 
cyanate (2-4 g.) in water (10 c.c.) and of sodium aminofluorenol-2-arsonate (3-8 g.) in water 
(25 c.c.) were mixed and glacial acetic acid (2-4 c.c.) was added slowly with repeated shaking 
of the mixture. The product which separated almost immediately was washed with 2N-hydro- 
chloric acid to dissolve any trace of the original amino-acid, freed from hydrochloric acid, and - 
further purified through its sodium salt. The pale yellow carbamido-compound (3 g.) was 
recrystallised from boiling water, in which it was very sparingly soluble (Found: As, 20-4. 
C,,H,,0,;N,As requires As, 20-6%). 

The yellow sodium salt (2H,O) was recrystallised from water—alcohol (Found: As, 17-8. 
C,,H,,0,N,AsNa,2H,O requires As, 17-8%). 

7-Methylcarbamido-9-fluorenol-2-arsonic Acid (IV; R= CO*sNHMe).—A dilute aqueous 
solution of sodium aminofluorenol-2-arsonate was allowed to react for 24 hours with methyl- 
carbimide at 0—3°. Traces of unchanged amino-acid were removed from the crude product 
by treatment with 2N-hydrochloric acid and the remaining methylcarbamido-derivative was 
finally purified through its sodium salt (Found: As, 19-9. C,;H,,O;N,As requires As, 19-85%). 

The colourless sodium salt dissolved readily in water (Found: As, 18-4. 

C,;H,,0;N,AsNa,}H,O 
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requires As, 18-34%). 

7-Phenylcarbamido-9-fluorenol-2-arsonic Acid (IV; R= CO*NHPh).—Sodium amino- 
fluorenol-2-arsonate (2-5 g.), dissolved in water (25 c.c.), was cooled to 10°. The gradual 
addition of phenylcarbimide (1-4 g.) to the clear solution—the temperature not being allowed 
to exceed 10°—caused almost immediate formation of a yellow precipitate. The reaction mix- 
ture was cooled at 0° over-night. The resulting pheny.carbamido-derivative was recrystallised 
from 50% alcohol, the main fraction separating as yellow filaments (1-4 g.); the small second 
fraction was contaminated with a pale pink solid. Further purification was effected by solution 
of the main fraction in dilute sodium carbonate solution to the sparingly soluble sodium salt 
(Found: As, 17-0. C,9H,,0O,;N,As requires As, 17-05%). 

The more soluble disodium salt separated from water—alcohol in pale yellow needles (Found : 
As, 14:1. CygH,,0;N,AsNa,,3H,O requires As, 13-9%). 


CHEMICAL RESEARCH LABORATORY, 
TEDDINGTON, MIDDLESEX. 
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1458 Phase Volume Theory and Homogenisation of Concentrated Emulstons. 






343. The Phase Volume Theory and the Homogenisation of Concentrated 
Emulsions. 










By JosEPH BEATTY PARKE. 


IF into a given space spheres of equal diameter are packed as closely as possible, the space 
occupied by the material of the spheres is 74-048% of the total available volume. Pickering 
(J., 1907, 91, 2001) has referred to this fact in connection with emulsions, and pointed out 
that in an emulsion containing uniform spherical globules the volume of oil would be less 
than this theoretical value, as the spheres are not in actual contact, the separating film of 
medium being of appreciable thickness. He succeeded in emulsifying 99% by volume of 
ordinary lighting oil in a 1% soap solution to give a very viscous emulsion, and stated that, 
since in an emulsion the spheres are not uniform, there is no reason why the ratio of the 
volume of the oil to the total volume of the emulsion should be of any particular magnitude. 

Pickering prepared a series of three emulsions containing varying amounts of paraffin 
oil as the disperse phase. After the emulsions had been allowed to stand for 12 weeks, the 
“cream ’’ which had risen to the surface in each case was analysed at intervals from top to 
bottom. The results were as follows : 







































Percentage of oil in original emulsion — ............seseeeeeeereees 67 50 33 
Average percentage of Oi] in Crea —.........sseeeceeeeceeeceeenees 81:0 81°9 77:7 


As will be seen, the average oil contents of the three “‘ creams,’’ which presumably contained 
the globules in close packing, did not vary very greatly. 

Ostwald (Kolloid-Z., 1910, 6, 103; 7, 46), in what is now known as the phase volume 
theory of emulsions, suggested that it should be impossible to obtain an emulsion containing 
more than 74-048 by volume of the disperse phase for the reason given above. On an 
attempt being made to increase the oil content of, say, an oil-in-water type of emulsion by 
the addition of more oil, Ostwald’s theory pictures a change of type which, it suggests, 
should be brought about by the contact and subsequent coalescence of the oil globules. 

Bancroft (J. Physical Chem., 1912, 16, 179) points out that both the assumptions under- 
lying the phase volume theory of emulsions are far from correct. First, owing to the 
properties of the enveloping film of emulsifier, deformation of shape, rather than coalescence, 
would take place when two or more globules are brought into contact, and, secondly, the 
fact that the globules of an emulsion are not of uniform diameter is sufficient to explain 
why the 74-048% limit of packing can be exceeded. 


The following experiments were carried out in order to examine this matter. 

225 C.c. of benzene containing 2-319 g. of oleic acid and 25 c.c. of water containing 0-329 g. 
of sodium hydroxide were placed together in a glass-stoppered bottle of 8-oz. capacity. The 
mixture was shaken by hand, using Briggs’s intermittent method (J. Physical Chem., 1915, 19, 
233). The rest interval adopted was one minute, and emulsification was found to be complete 
after 14 minutes. A very stable emulsion of the oil-in-water type containing 2-5 g. of sodium 
oleate as emulsifier was thus produced. Microscopic examination of this emulsion revealed 
that the globules of the disperse phase were not of uniform diameter and that smaller globules 
were packed into the interstices between the larger. Plate I shows a photomicrograph of this 
“90% emulsion.” 

The emulsion was passed through a small homogeniser and it was found that partial de- 
composition resulted. The mixture delivered by the homogeniser consisted of clots of an oil-in- 
water type of emulsion distributed throughout a considerable excess of benzene. These clots 
quickly coalesced to form a layer at the bottom of the mixture. Plate II shows an emulsion 
containing 90% of benzene (right) before homogenisation and (left) after having been passed 
through the homogeniser. 

The lower layer of emulsion was separated from the free benzene and the percentage of 
benzene in this emulsion was determined by “ breaking ’” a known quantity, generally 25 c.c., 
with dilute hydrochloric acid in a burette, and found to be 72% by volume. ‘The results obtained 
from this and three other emulsions stabilised by sodium oleate are shown in the following table : 














PLATE II. 








(To face p. 1458. 
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CHy %, CH, %, 
Vol. of Vol. of Mass of in emulsion Vol. of Vol. of Mass of in emulsion 
C,H,, c.c. H,O,c.c. oleate, g. produced. C,H,, c.c. H,O,c.c. oleate, g. produced. 
225 25 2°5 72:0 225 25 1:25 70°0 
200 50 2°5 70°5 200 50 1:25 68-0 


Potassium oleate was substituted for sodium oleate and the experiments were repeated as 
before : 


225 25 2°5 78°0 225 25 1:25 68°0 
200 50 2°5 76°5 200 50 1°25 70°0 
The experiments were then repeated with purified toluene instead of benzene : 
, C,H, %, C,Hs %, 
Vol. of Vol. of Mass of in emulsion Vol. of Vol. of Mass of in emulsion 


C,Hg,,c.c. H,O,c.c. oleate, g. produced. C,H,,c.c. H,O,c.c. oleate, g. produced. 
Emulsifier : sodium oleate. 


225 25 2°5 74:0 225 25 1°25 60°0 

200 50 2°5 65-0 200 50 1°25 58°0 
Emulsifier : potassium oleate. 

225 25 2°5 73°0 225 25 1°25 79°0 

200 50 2°5 65:0 200 50 1°25 69°5 


When the emulsions produced by homogenisation were examined under the microscope, 
they were seen to contain very small globules of practically uniform diameter. Attempts to 
obtain a photomicrograph of this type of emulsion were unsuccessful owing to extensive 
scattering of light by the tightly packed mass of small spheres. 

Emulsions containing less than 72% by volume of benzene or 70% of toluene did not show any 
tendency to decompose on being passed through the homogeniser, but instead, in every case, an 
emulsion of greatly enhanced stability was produced. 

It was observed that when an emulsion had been partially broken by homogenisation, the 
content of oil in the new emulsion could only be increased by adding the oil very slowly, about 
lc.c, at a time, and shaking after each addition. 


SUMMARY. 


(1) Attempts to homogenise an emulsion containing more than 74% by volume of 
oil (the disperse phase) resulted in the production of a new emulsion containing approxi- 
mately the volume of oil required for the globules to be in closest packing provided that they 
are of uniform diameter. 

(2) Microscopic examination of the new emulsion produced. by homogenisation 
revealed that the globules were small and of almost uniform diameter. 

(3) It was found very difficult to increase the oil content of such an emulsion. 


I wish to express my indebtedness to Professor A. W. Stewart and Dr. H. Graham for their 
interest in this work, and for the many helpful suggestions. 
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344. Synthetical Experiments in the Chromone Group. Part X. 
Coumarin and Chromone Formation. 


By Tara C. CHADHA, HARBHAJAN S. MAHAL, and KRISHNASAMI VENKATARAMAN. 


THE action of an acid anhydride and the sodium salt of an acid on a phenolic ketone may 
produce the acy! derivative of the ketone, a chromone, a 3-acylated chromone, or a cou- 
marin : the correlation of the known facts and the results of new experiments is generalised 
in the following table. 
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Anhydride. Salt. Product. 
o-Hydroxyaryl methyl ketones. 


(CH,°CO),O CH,°CO,Na 3-Acetyl-2-methylchromones 

(Ar-CO),0 Ar-CO,Na Usually flavones; sometimes 3-aroyl derivative also 
(CH,-CO),O CH,Ph-CO,Na  3-Phenyl-4-methylcoumarins 

(CH,Ph-CO),O - * in small yields 


w-Substituted o-hydroxyaryl methyl ketones. 


(CH,°CO),O CH,°CO,Na Chromones 

(Ar-CO),O Ar-CO,Na Po 

(CH,Ph:CO),0 CH,Ph°CO,Na Coumarins 

(CH,°CO),0O je (a) 2-Methylchromones or (b) 3-phenylcoumarins 

o-Hydroxybenzophenones. 

(CH,°CO),O CH,°CO,Na (a) 4-Phenylcoumarins or (b) O-acetyl derivative of the 
ketone 

(CH *CO),O CH,Ph:CO,Na 3: 4-Diphenylcoumarins 


) SIS 


— 
So 


References: (1) Resacetophenone (Tahara, Ber., 1892, 25, 1302; Nagai, zbid., p. 1297; 
Kostanecki and Rozycki, Ber., 1901, 34, 102); 2-acetyl-l-naphthol (Bhullar and Ven- 
kataraman, J., 1931, 1165; Wittig, Baugert, and Richter, Annalen, 1925, 446, 155); 
l-acetyl-2-naphthol (Menon and Venkataraman, J., 1931, 2376); 4 : 6-diacetylresorcinol 
(Gulati and Venkataraman, J., 1931, 2592); 2-hydroxy-4 : 6-dimethoxyacetophenone 
(Canter, Curd, and Robertson, J., 1931, 1247); phloracetophenone (Shinoda, J. Pharm. 
Soc. Japan, 1928, 48, 214). According to Wittig, Baugert, and Richter (loc. cit.), however, 
o-hydroxyacetophenone gives a mixture of 4-methylcoumarin and 2-methylchromone. 

(2) Robinson and Venkataraman (J., 1926, 2344; 1929, 61); Allan and Robinson 
(J., 1924, 125, 2192); Bhullar and Venkataraman (loc. cit.); Anderson (Canadian J. Res., 
1932, 7, 285). 

(3) The reactivity of the methylene group of the sodium phenylacetate is the dominating 
factor and a 3-phenyl-4-methylcoumarin is invariably formed (Bargellini, Adéi R. Accad. 
Lincei, 1925, 2, 261); phloracetophenone (present paper). 

(4) o-Hydroxyacetophenone (present paper), phloracetophenone, and 2-acetyl-l- 
naphthol. 

(5) and (6) 0-Hydroxyphenyl benzyl ketone, 1-phenylacetyl-2-naphthol (present paper) ; 
«-methoxyresacetophenone, w-methoxyphloracetophenone, respropiophenone, 2-propiony]- 
l-naphthol, 2-phenylacetyl-l-naphthol, 2-benzylacetyl-l-naphthol (J., 1929, 61; 1932, 
918, 925, 1107; J. pr. Chem., 1933, 1387, 47). The w-substituent is always an aid to chrom- 
one formation and may from the point of view of increasing yield and ease of purification 
be arranged in the order: methoxyl, methyl, benzyl, phenyl. Chromone formation takes 
place as a rule more readily in the naphthalene than in the benzene series, and is often 
quantitative from derivatives of «-naphthol. 

(7) Baker and Eastwood (J., 1929, 2906; ‘“‘ 7-hydroxy-3 : 4-dibenzylcoumarin ”’ in 
their paper should obviously be read as ‘‘ 7-hydroxy-3-phenyl-4-8-phenylethylcoumarin ”’). 

(8a) 2-Phenylacetyl-l-naphthol, 1-phenylacetyl-2-naphthol, 2-propionyl-l-naphthol, 
and w-benzylresacetophenone (present paper). (8) w-Methoxyresacetophenone and 
respropiophenone (present paper). 

(9) 2-Benzoyl-l-naphthol (Cheema and Venkataraman, J., 1932, 919); 1-benzoyl-2- 
naphthol (present paper). We were unable to confirm the observation of Dischendorfer 
and Danziger (Monatsh., 1927, 48, 325) that 4-phenyl-1 : 2-8«-naphthapyrone is formed by 
heating 1-benzoyl-2-naphthy] acetate. 

(10) Bargellini (loc. cit., p. 178); 1-benzoyl-2-naphthol (present paper). 


, 


EXPERIMENTAL, 


Reactions involving acetic anhydride were carried out by boiling a mixture of equal weights 
of the ketone and the sodium salt (acetate, propionate, phenylacetate, etc.) with about ten 
times the weight of acetic anhydride for 24—72 hours. The whole was poured into water, and 
the product isolated after 12 or more hours. 

2-Acetyl-1-naphthyl Acetate—Prepared from 2-acetyl-l-naphthol, sodium methoxyacetate, 
and acetic anhydride and repeatedly crystallised from aqueous alcohol, this formed colourless 
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needles, m. p. and mixed m. p. (with a specimen prepared by means of acetic anhydride— 
pyridine), 108°. Ullmann (Ber., 1897, 30, 1766) and Hantzsch (Ber., 1906, 39, 3096) give m. p. 
96-5° and 107-5° respectively. 

When sodium propionate was substituted for the methoxyacetate in the above reaction, 
3-acetyl-2-methyl-1 : 4-«-naphthapyrone, m. p. 145°, was obtained (compare Bhullar and 
Venkataraman, /oc. cit.). 

5 : 7-Diacetoxy-3-phenyl-4-methylcoumarin.—Prepared from phloracetophenone, acetic an- 
hydride, and sodium phenylacetate and twice crystallised from alcohol, this formed colourless 
woolly needles, m. p. 169° (Found: C, 68-0; H, 4-5. C,)9H,,O, requires C, 68-2; H, 45%). 
Hydrolysis with warm 5% alcoholic potassium hydroxide and acidification gave 5 : 7-dihydroxy- 
3-phenyl-4-methylcoumarin, colourless needles (from alcohol), m. p. 282—283° (Found: C, 
71-5; H, 4-4. C,,H,,O, requires C, 71-6; H, 4-5%). 

3-Phenyl-4-methylcoumarin.—A mixture of o-hydroxyacetophenone (4 g.), phenylacetyl 
chloride (10 g.), and sodium phenylacetate (12 g.) was heated at 180° for 6 hours. After hydro- 
lysis with 10% alcoholic potassium hydroxide, dilution, and acidification, the dark brown oil 
obtained crystallised from alcohol; m. p. 153°, not depressed by admixture with authentic 
3-phenyl-4-methylcoumarin (Mahal and Venkataraman, this vol., p. 617). No chromone was 
isolable by the general method of Wittig, Baugert, and Richter (Joc. cit.). 

2-Benzyichromone.—A mixture of o-hydroxyacetophenone (5 g.), ethyl phenylacetate (25 g.), 
and sodium dust (2-5 g.) was heated on the steam-bath for 4 hours, ice-cold dilute acetic acid 
added after 12 hours, and the oily product separated and refluxed with 10% alcoholic sulphuric 
acid (25 c.c.) for 1-5 hours. Addition of water gave an oil, which solidified in contact with 
cold 5% sodium hydroxide solution and then formed pale yellow needles (1-2 g.), m. p. 86°, 
from light petroleum (Found: C, 81-4; H, 5-3. C,,H,,O, requires C, 81-4; H, 5-1%). 

Phenyl Phenylacetate-—Phenylacetyl chloride (prepared from the acid and boiling thionyl 
chloride) (86 g., b. p. 109—110°/20 mm.) and phenol (43 g.) were heated at 150° for 8 hours, 
and the mixture was cooled and poured into water. The ester extracted by benzene distilled . 
at 174°/3 mm. (90 g.), solidified at 0°, and crystallised from light petroleum (b. p. 50—60°) in 
colourless needles, m. p. 50° (Found: C, 79-1; H, 5-4. C,,H,,O, requires C, 79-2; H, 5-6%). 

o-Hydroxyphenyl Benzyl Ketone.—A mixture of the above ester (50 g.) and aluminium chloride 
(50 g.) was heated on the water-bath for 1 hour and at 120° for 4 hours, and the cooled product 
was decomposed with ice and hydrochloric acid: The ketone, extracted, washed (with 0-5% 
sodium hydroxide solution, then with water), and dried (magnesium sulphate) in ether and 
recovered, was washed with cold alcohol and crystallised from light petroleum, forming large, 
colourless, hexagonal plates, m. p. 60° (Found: C, 79-0; H, 5-4. C,,H,,O, requires C, 79-2; 
H, 5-6%). It gave a deep brown colour with alcoholic ferric chloride, and formed a 2: 4- 
dinitrophenylhydrazone, pale orange, rectangular plates, m. p. 219°, from acetic acid (Found : * 
N, 14:2. C.H,,O,;N, requires N, 14:3%). 

Acidification of the alkaline extract gave p-hydvoxyphenyl benzyl ketone, which, after being 
washed with benzene, crystallised from dilute alcohol or water in long colourless needles, m. p. 
151° (Found: C, 79-1; H, 5-5%), gave a pale brown coloration with alcoholic ferric chloride, and 
formed a 2: 4-dinitrophenylhydrazone, deep orange, square plates, m. p. 224°, from acetic acid 
(Found : * N, 14-2%). 

2-Methylisoflavone.—Prepared from o-hydroxyphenyl benzyl ketone (1 g.), sodium acetate 
(2 g.), and acetic anhydride (10 g.) (170—180° for 8 hours) and crystallised from dilute alcohol, 
the isoflavone formed colourless needles (0-4 g.), m. p. 140° (Found: C, 81-1; H, 5-0. C,H 4,0, 
requires C, 81-4; H, 5-1%), unaffected by boiling 50% hydrochloric acid and giving in sulphuric 
acid a colourless solution with a weak blue fluorescence. 

2 : 3-Diphenylchromone.—The condensation was carried out with o-hydroxyphenyl benzyl 
ketone (2 g.), sodium benzoate (4 g.), and benzoic anhydride (24 g.). After treatment with 
alcoholic potassium hydroxide, the mixture was poured into water; the precipitate (1-1 g.) 
crystallised from dilute acetic acid in colourless needles, m. p. 152° (Found: C, 84-3; H, 4-5. 
C,,H,,0O, requires C, 84-6; H, 47%). The colourless solution in sulphuric acid exhibited a 
green fluorescence. 

3-Phenyl-2-methyl-1 : 4-«-naphthapyrone, prepared from 2-phenylacetyl-1-naphthol, sodium 
phenylacetate, and acetic anhydride and crystallised from alcohol, had m. p. and mixed m. p. 
(Cheema and Venkataraman, loc. cit.) 203—204°. 

2: 3-Dimethyl-I : 4-«-naphthapyrone, similarly prepared from 2-propionyl-l-naphthol, 


* Microanalyses by Mr. K. S. Narang, M.Sc., to whom we are much indebted. 
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crystallised from dilute alcohol in colourless needles, m. p. and mixed m. p. (Cheema, Gulati, 
and Venkataraman, J., 1932, 930) 142°. 

7-Hydroxy-3-benzyl-2-methylchromone.—w-Benzylresacetophenone was conveniently prepared 
as follows (compare Bargellini and Marantonio, Gazzetta, 1908, 38, ii, 514; Baker, J., 1925, 127, 
2355). Fused zinc chloride (5-5 g.) was dissolved in $-phenylpropionic acid (14 g.) at 145— 
150°, resorcinol (3 g.) added, and the mixture kept at 145° for 1 hour. The deep red solution 
was poured into water and after 2 hours the precipitate was collected, powdered, and shaken 
with sodium bicarbonate solution. The residue crystallised from 50% acetic acid in very pale 
cream-coloured needles (3-5 g.), m. p. 88°. 

The chromone, m. p. 284° (Found: C, 76-6; H, 5-3. Calc. for C,,H,,0,: C, 76-6; H, 
5-3%), was prepared by hydrolysing the product obtained from w-benzylresacetophenon 
sodium phenylacetate, and acetic anhydride with hot 50% hydrochloric acid; the acetyl 
derivative had m. p. 126° (Found: C, 74-0; H, 5-3. Calc.: C, 74:0; H, 5:2%) (compare 
Crabtree and Robinson, J., 1918, 113, 867). 

7-A cetoxy-3-phenyl-4-methoxymethylcoumarin.—The oil obtained by the interaction of w- 
methoxyresacetophenone, sodium phenylacetate, and acetic anhydride was dissolved in ether 
and the crystals which separated on slow evaporation were recrystallised twice from alcohol, 
giving colourless needles, m. p. 163° (Found: C, 70-2; H, 5-0. C,,H,,O, requires C, 70-4; 
H, 4.9%). Hydrolysis with hydrochloric acid and crystallisation from 30% alcohol gave very 
pale yellow needles, m. p. 213° (Found : C, 72:3; H, 5-2. C,,H,,O, requires C, 72-4; H, 5-0%). 
7-Acetoxy- and 7-hydroxy-3-methoxy-2-methylchromone melt at 113° and 214° respectively 
(Allan and Robinson, /oc. cit.). 

7-A cetoxy-3-phenyl-4-ethylcoumarin, obtained from respropiophenone, sodium phenylacetate, 
and acetic anhydride, crystallised from alcohol in rhombic plates, m. p. 205° (Found: C, 73-8; 
H, 5-4. C, 9H,,O, requires C, 74-0; H, 5-2%). The hydvoxy-compound obtained by hydrolysis 
crystallised from dilute alcohol in colourless plates, m. p. 254° (Found: C, 76-3; H, 5-2. 
C,,H,,O, requires C, 76-7; H, 5-3%). The m. p.’s of 7-acetoxy- and 7-hydroxy-2 : 3-dimethyl- 
chromone are 116° and 262° respectively (Chakravarti, J. Indian Chem. Soc., 1931, 8, 133). 

8-Naphthyl Phenylacetate-—8-Naphthol (38 g.) and phenylacetyl chloride (60 g.) were heated 
at 150° for 6 hours. The brown precipitate obtained when the product was poured into water 
was washed with sodium bicarbonate solution, dried, and crystallised twice from light petroleum 
(b. p. 50—60°), forming stout colourless plates, m. p. 87° (Found: C, 82-2; H, 5-4. C,gH,,0, 
requires C, 82-4; H, 5-3%). 

1-Phenylacetyl-2-naphthol.—(1) 8-Naphthyl phenylacetate (5 g.), aluminium chloride (4 g.), 
and carbon disulphide (10 c.c.) were heated on the water-bath for 1 hour, the solvent removed, 
and the residue heated at 130° for 4 hours. Ice was added, the product dissolved in hot 10% 
aqueous sodium hydroxide, and the filtered solution acidified. Two crystallisations from dilute 
acetic acid gave pale yellow needles (0-5 g.), m. p. 101° (Found: C, 82-1; H, 5-5. C,,H,,0, 
requires C, 82-3; H, 5-3%). An alcoholic solution gave a dark reddish-brown coloration with 
ferric chloride. (2) To a mixture of 6-naphthol (20 g.), aluminium chloride (40 g.), and carbon 
disulphide (100 c.c.), cooled in ice and salt, phenylacetyl chloride (30 g.) was added during 
lhour, After 12 hours, ice and hydrochloric acid were added, the mixture was extracted with 
ether, and the extract shaken with 5% sodium hydroxide solution. Acidification of the 
alkaline solution gave a semi-solid substance, which was treated with boiling water to remove 
8-naphthol and crystallised from dilute acetic acid (charcoal), giving colourless needles (10 g.), 
m. p. 101°. 

3-Phenyl-2-methyl-1 : 4-Ba-naphthapyrone, obtained from 1-phenylacetyl-2-naphthol, acetic 
anhydride, and sodium acetate or phenylacetate, crystallised from dilute alcohol in long cream- 
coloured needles, m. p. and mixed m. p. 161° (Found: C, 83-6; H, 5-0. Cy9H,,O, requires C, 
83-9; H, 4:9%). ; 

2 : 3-Diphenyl-1 : 4-8a-naphthapyrone, obtained from 1-phenylacetyl-2-naphthol, benzoic 
anhydride, and sodium benzoate, and 3: 4-diphenyl-1 : 2-Ba-naphthapyrone, from 1-benzoyl-2- 
naphthol, acetic anhydride, and sodium phenylacetate, formed long colourless needles, m. Pp. 
188° (Found: C, 85-9; H, 4-3. C,,;H,,O, requires C, 86-2; H, 4-6%), and colourless rhombic 
plates, m. p. 221—222° (Found: C, 86-0; H, 4:8%), respectively from alcohol. The yellow 
solution of the latter in sulphuric acid has a bright green fluorescence. 


FORMAN CHRISTIAN COLLEGE, LAHORE. [Received, August 14th, 1933.) 
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345. Synthesis of Octahydrophenanthrene Derivatives. 
By James D. FuLton and Rosert ROBINSON. 


THE experiments described in this communication were carried out in 1927—28, and 
although the work is incomplete it is now necessary to place it on record in view of the 
anticipation of the general scheme of synthesis by Bardhan and Sengupta (J., 1932, 2520, 
2798) and also because the method has an important bearing on current synthetical in- 
vestigations in the sterol-oestrin group (compare R. D. Haworth and Mavin, this vol., 
P., 1012; Kon, zbid., p. 1081). 

* The objective, six years ago, was the synthesis of the parent hydrocarbon of the 
morphine group of alkaloids, namely, 12-ethyloctahydrophenanthrene (I), and of its 
5 : 6-dimethoxy-derivative, which it was hoped to obtain by degradation of codeine or 
thebaine. 

The obvious starting point, 2-$-phenylethylcyclohexanone, was first obtained by 
Miss E. Gatewood in still earlier experiments on the condensation of 6-phenylethyl bromide 
and ethyl cyclohexanone-2-carboxylate. The yields, both in the alkylation of the sodio- 
derivative of the ester and in its hydrolysis, were unfavourable,* and a much better process 
consisted in the formation of 2-8-phenylethylcyclohexanol by the action of @-phenylethyl- 
magnesium bromide on cyclohexene oxide; the secondary alcohol could then be smoothly 
oxidised to the ketone by means of chromic acid. 

2-8-Phenylethylcyclohexanol was directly dehydrated by heating with zinc chloride, 
but the product was largely unsaturated in contrast with Bardhan and Sengupta’s ob- 
servation that phosphoric oxide effects ring-closure. The latter stage in our experiments 
was carried out by replacing the hydroxyl group by a chlorine atom and then submitting 
the product to the action of aluminium chloride. 

The octahydrophenanthrene so obtained was dehydrogenated to phenanthrene by heating 
with sulphur. 


Se CH, CH, 
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He ‘ott, HG = GH, a 
EtC CH, HO-CEt CH, rine 

CH a \cH » 
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The action of ethylmagnesium bromide on 2-$-phenylethylcyclohexanone afforded 
the tertiary alcohol (11), and the corresponding chloride, treated with aluminium chloride, 
gave rise to a saturated hydrocarbon C,gHy9. This specimen gave some phenanthrene 
when it was heated with sulphur, but the yield was unsatisfactory and it is possible that 
the spivohydrindene (III) was one of the products of the reaction. On the other hand, 
the dehydrogenation of (I) may pursue an abnormal course. 

By varying the method of ring-closure it is now hoped to obtain homogeneous products 
of type (I), and the series with methyl in place of ethyl is under examination. 

In the following account we have avoided repetition of experimental details already 
published by Bardhan and Sengupta (loc. cit.). 


EXPERIMENTAL. 


cycloHexene.—The method described in “‘ Organic Syntheses ” (vol. V, p. 33) gave an 80% 
yield and was found to be convenient. 


* Bardhan and Sengupta (loc. cit.) improved the yield in the alkylation by employing the potassio- 
derivative of the ester, and Kon (loc. cit.) adopted the device of full hydrolysis to a pimelic acid and 
subsequent cyclisation to the ketone. These methods may be suitable alternatives in some cases, but 
that described in the present paper is greatly to be preferred for the preparation of 2-8-phenylethyl- 
cyclohexanol. 
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Benzyl A'-cycloHexenyl Ketone.—The condensation of cyclohexene and phenylacetyl chloride 
with the help of aluminium chloride did not proceed smoothly and after treatment of the product 
with diethylaniline the resulting oil, b. p. 155—165°/2 mm., would not crystallise. 

cycloHexene (16-5 g.) was gradually added during 2} hours to a mixture of stannic chloride 
(52 g.), phenylacetyl chloride (31 g.), and carbon disulphide (125 g.), cooled to —15°. After 
being kept for some hours at room temperature, the solvent was decanted from a dark oil, which 
was decomposed with ice. The product was isolated by means of ether, freed from acidic 
substances, and heated for 2 hours at 180° with diethylaniline (twice the theoretical amount), 
and after addition of an excess of dilute sulphuric acid the product was again collected by 
means of ether, freed from acidic and neutral substances, and distilled. The fraction (10-5 g.), 
b. p. 1389—145°/1-5 mm., when cooled, partly crystallised and after draining on porous porce- 
lain the substance crystallised from aqueous methyl alcohol in plates, m. p. 44-5° (Found : 
C, 83-8; H, 8-3. ©C,,H,,O requires C, 84:0; H, 8-0%). This ketone is easily soluble in most 
organic solvents; it is readily oxidised by potassium permanganate in acetone solution, and 
it forms a semicarbazone crystallising from methyl] alcohol in colourless needles, m. p. 171—172° 
(Found: N, 16-0. C,;H,,ON, requires N, 16-3%). 

The application of the above method to ethyl-A!-cyclohexene had no satisfactory outcome. 

1-8-Phenylethylcyclohexanol.—Purified cyclohexanone (9-8 g.) was gradually added to a 
Grignard reagent prepared from $-phenylethyl bromide (19-2 g.) and magnesium (2-7 g.) in 
ether (200 c.c.) and cooled to —15°. After some hours a semi-solid mixture (19-5 g.) of tertiary 
alcohol and unsaturated hydrocarbon was isolated in the usual manner. The former could be 
purified by draining and distillation in small quantities in one operation, followed by crystallis- 
ation from light petroleum; it had m. p. 56-5° and was readily soluble in most organic solvents 
(Found: C, 82-3; H, 10-0. C,,H,,O requires C, 82-4; H, 9-8%). The unsaturated hydro- 
carbon, probably 1-8-phenylethyicyclohexene, was readily obtained from the foregoing tertiary 
alcohol by the action of zinc chloride, acetic anhydride, or phenyl isocyanate. It had b. p. 
112—113°/2 mm., 27 1-5402, and possessed a characteristic odour (Found: C, 90-4; 
H, 9-6. C,,H,, requires C, 90-3; H, 9-7%). 

The nitrosochloride, prepared in the usual way at — 10°, crystallised from acetone in prisms, 
m. p. 118—119° (Found: Cl, 14:3. C,,H,,ONCI requires Cl, 14:-4%). The nitrolpiperidide 
separated from methyl alcohol in colourless needles, m. p. 117—118° (Found: N, 91. 
C,,H,,ON, requires N, 9-3%). 

A by-product of reactions involving the formation of $-phenylethylmagnesium bromide 
was a8-diphenylbutane, m. p. 53°. 

2-8-Phenylethylcyclohexanol.—A solution of cyclohexene oxide (19-8 g.; compare “‘ Organic 
Syntheses,’”’ V, p. 35) in ether was added to an ethereal solution of the reagent prepared from 
6-phenylethyl bromide (74 g.) and magnesium (9-75 g.). The ether was distilled from the 
steam-bath and, when but little of the solvent remained, a violent reaction set in and the large 
flask was almost completely filled with the frothing mass. After cooling and decomposition 
with ice-water, the product was collected by means of ether and distilled, b. p. 135—136°/1-5 
mm. (yield, 37 g., and 37-3 g. in a second experiment, equivalent to 91-5% of the theoretical). 
The oil crystallised in a freezing mixture and a solution in light petroleum deposited long needles, 
m. p. 17—18°, when cooled to —15° (Found: C, 82-6; H, 9-7. Calc. for C,,H,O: C, 82-4; 
H, 9-8%). The specimen obtained by Bardhan and Sengupta (loc. cit.) did not solidify in a 
freezing mixture, but, as the substance should occur in stereoisomeric forms, it is probable that 
the reduction of the related ketone gives either a mixture of cis- and trans-forms or a different 
modification from the process described above. Our product was apparently homogeneous. 

The p-nitrobenzoate, prepared from the alcohol and p-nitrobenzoyl chloride in pyridine, 
crystallised from light petroleum in rosettes of fine needles, m. p. 73-5° (Found: N, 4-0. 
C,,H,,0,N requires N, 4:0%), depressed to 45° on admixture with p-nitrobenzoyl chloride of 
about the same m. p. 

2-Chloro-B-phenylethylcyclohexane.—This substance should contain Cl 15-9%, but, owing 
to the formation of a hydrocarbon, the chlorine content of the specimens prepared as described 
below did not exceed 13-0% ; other methods gave inferior results. 

Thionyl chloride (16 g.) was added to phenylethylcyclohexanol (20 g.) and dry pyridine 
(10-5 g.) in the course of lhour. The crystalline sulphinyl chloride that separated was decom- 
posed by heating the mixture on the steam-bath until evolution of sulphur dioxide ceased 
(2—3 hours). The product was isolated in the customary manner and a fraction, b. p. 130— 
134°/5 mm., was collected. It is quite possible that the hydrocarbon contained in this material 
was octahydrophenanthrene, 
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1:2:3:4:9:10: 11: 12-Octahydrophenanthrene.—A solution of the chlorophenylethyl- 
cyclohexane (13 g.; Cl, 13-0%) in light petroleum (40 c.c.) was added to powdered aluminium 
chloride (13 g.) covered with light petroleum (40 c.c.), and the reaction was completed by gentle 
heating on the steam-bath. The hydrocarbon was isolated in the usual manner, b. p. 135— 
137°/6-5 mm. (yield, 6-0 g.) (Found: C, 90-1; H, 10-2. C,,H,, requires C, 90-3; H, 9-7%); 
it was halogen-free, saturated towards permanganate, and did not yield a picrate. As the oil 
crystallised when cooled to —11° to —12°, it is considered to differ stereochemically from the 
product of Bardhan and Sengupta (loc. cit.). On being heated with about two-thirds of its weight 
of sulphur, at first at 140° and later at 180°, hydrogen sulphide was continuously evolved, and 
after 24 hours, phenanthrene (identified by its m. p. and mixed m. p. with an authentic specimen 
and the same procedure with the picrate) and an unidentified hydrocarbon of higher melting 
point could be isolated. 

2-8-Phenylethylcyclohexanone.—Phenylethylcyclohexanol (57 g.) was mixed with Beck- 
mann’s chromic acid solution (290 g.) at 30°, and the temperature raised to 55° in the course 
of 30 minutes. A dark-coloured double compound was formed, but this decomposed when 
heated to 65° and the ketone separated. Isolation followed standard practice; yield, 52 g., 
b. p. 1835—136°/2 mm. (Found: C, 83-4; H, 9-0. Calc. for C,,H,,0: C, 83-2; H, 8-9%). 
The ketone has a distinctive odour; it forms a solid bisulphite compound which is decomposed 
by water. The oxime crystallised from methyl alcohol in colourless needles, m. p. 74—75° 
(Found: N, 6-4. C,,H,,ON requires N, 6-5%). The semicarbazone crystallised from alcohol 
in colourless needles, m. p. 157° (Found: N, 16-3. C,;H,,ON; requires N, 16-2%). Bardhan 
and Sengupta (loc. cit.) give 179—180° (decomp.), a considerable discrepancy requiring further 
investigation.* 

2-8-Phenylethyl-1-ethylcyclohexanol.—2-8-Phenylethyleyclohexanone (32-2 g.), dissolved in 
a little ether, was slowly added to a Grignard solution prepared from ethyl bromide (22:8 g.), 
magnesium (5-1 g.), and ether (150 c.c.) and cooled to —10°. The mixture was heated for 1 
hour in the steam-bath, then decomposed by means of ice-water, and the product isolated and 
distilled, b. p. 147—148°/3 mm. (yield, 34-5 g.) (Found: C, 83-3; H, 10-2. C,,H,,O requires 
C, 82-8; H, 10-4%). The high value for the carbon content is due to the presence of a small 
proportion of unsaturated hydrocarbon which is very easily produced from this tertiary alcohol; 
nevertheless the specimen solidified when cooled in a freezing mixture. 

2-8-Phenylethyl-1-ethyl-A1-cyclohexene.—The above-described tertiary alcohol could not 
be converted into acyl derivatives; it was conveniently dehydrated by gentle heating with 
zinc chloride. The product, obtained with but little loss, was distilled in steam and then over 
sodium; b. p. 1183—114°, 1% 1-5306 (Found: C, 89-9; H, 10-3. C,H. requires C, 89-7; 
H, 10-3%). This hydrocarbon had a pleasant terpene-like odour and rapidly absorbed bromine 
in chloroform solution, but it could not be converted into a nitrosochloride under the usual 
conditions. 

12-Ethyl-1:2:3:4:9:10: 11: 12-octahydrophenanthrene (1) ?—2-8-Phenyletkyl-1-ethyl- 
cyclohexanol was converted into a chloride as in the previous case and, again as before, the 
product was submitted to the action of aluminium chloride. A hydrocarbon, b. p. 130— 
140°/1—2 mm., was isolated and this was shaken with an excess of an alkaline solution of 
potassium permanganate during 2 hours in order to free it from an unsaturated by-product. 
Finally the hydrocarbon was distilled over sodium, b. p. 113—116°/< 1 mm.; m!**” 1-5487 
(Found : C, 90-1; H, 10-3, C,H, requires C, 89-7; H, 10-3%). This hydrocarbon is saturated 
in its behaviour towards bromine and potassium permanganate. When it was heated (1-5 g.) 
with sulphur (0-9 g.) at 170—180° for 40 hours, hydrogen sulphide was evolved. After addition 
of sodium the mixture was distilled and phenanthrene was isolated from the distillate and 
identified by its melting point, 94—95°, and by that of its picrate (138—139°) (both m. p.’s 
undepressed on admixture with authentic specimens). A second substance, m. p. 213°, was 
also isolated and this appears to be anthracene, since the m. p. was not depressed on admixture 
with an authentic specimen. The formation of both phenanthrene and anthracene in this 
experiment is difficult to interpret. 

Ethyl 3:4-Dimethoxycinnamate and Stages to 3: 4-Dimethoxyphenylacetylene.—3 : 4-Di- 
methoxyphenylacetylene has been prepared in order to study the behaviour of its organo- 
Magnesium bromide derivative towards ketones of the cyclohexane series. A mixture of 
3; 4-dimethoxycinnamic acid (13 g.), absolute alcohol (100 c.c.), and sulphuric acid (3 g.) was 


* The specimen, m. p. 157°, had been preserved and has been re-analysed (Found: C, 69°4; H, 8-1; 
N, 16-3. C,,;H,,ON, requires C, 69°5; H, 8:1; N, 16°2%) (October, 1933). 
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refluxed for 5 hours; yield, 14 g.; square plates, m. p. 56°, from light petroleum (Found: C, 
66-0; H, 7-0. C,,;H,,O, requires C, 66-1; H, 6-8%). A suspension of the estey in carbon 
disulphide cooled to 0° was treated slowly with bromine in 2% excess and in artificial light. 
There was no evolution of hydrogen bromide and after a few hours the slight excess of bromine 
remained; evidently the aromatic nucleus was not attacked. The addition may also be carried 
out in ethereal solution with the same results. The solvent was removed under diminished 
pressure; the dibromide crystallised from ether in needles, m. p. 107—108° (Found: Br, 40-5. 
C,,;H,,0,Br, requires Br, 40-4%). 

The ester dibromide (1 mol.) was refluxed with ethyl-alcoholic potassium hydroxide (3 mols.) 
for 7 hours, and the solvent evaporated. The residue was taken up in water, heated with animal 
charcoal, and the solution filtered, cooled, and acidified with dilute sulphuric acid. The pre- 
cipitated 3: 4-dimethoxyphenylpropiolic acid (12-6 g.) crystallised from water in radiating 
needles, m. p. 154° (Found: C, 63-7; H, 5-0. ©C,,H,)O, requires C, 64-1; H, 4:9%). This 
acid (38-6 g.), mixed with diethylaniline (80—90 c.c.), was heated at 150—160° until carbon 
dioxide was no longer evolved (about 35 minutes). The solution was added to excess of dilute 
hydrochloric acid, and the dimethoxyphenylacetylene collected by means of ether (yield, 15-6 
g.). This material was purified by steam distillation and crystallised from not too much alcohol 
and from light petroleum in hexagonal plates, m. p. 73—74° (Found : C, 73-9; H, 6-3. C,9H,,.O0, 
requires C, 74:1; H, 6-2%), readily soluble in most organic solvents. It was treated with 
ethylmagnesium bromide, but there was no satisfactory outcome of an attempt to bring about 
the interaction of the organo-magnesium derivative with cyclohexene oxide. Similar experi- 
ments with phenylacetylene led only to the formation of a hydrocarbon, m. p. 48—49° after 
crystallisation from methyl alcohol (Found: C, 85-1; H, 14-7%). 

B-3 : 4-Dimethoxyphenylethyl Alcohol—A mixture of homoveratric acid (40 g.), absolute 
alcohol (300 c.c.), and sulphuric acid (5 c.c.) was refluxed for 5 hours. The yield of ethyl homo- 
veratrate, a colourless odourless oil, b. p. 159—160°/4 mm., was 38 g. (84%) (134 g. of acid gave 
137 g. of ester; 90%) (Found: C, 64-4; H, 7-4. C,,H,,O, requires C, 64-3; H, 7-1%). In 
contact with concentrated aqueous ammonia the ester was gradually transformed into the 
amide, which crystallised from alcohol in colourless prisms, m. p. 139° (Found: C, 61-5; H, 
6-5; N, 7-5. Cy 9H,,;0,N requires C, 61-5; H, 6-7; N, 7-2%). The derivative may also be 
crystallised from hot water; it is sparingly soluble in ether or benzene. Ethyl homoveratrate, 
dissolved in three times its weight of anhydrous alcohol, was reduced by means of three-fifths 
of its weight of sodium under the usual conditions for the Bouveault reaction. That is, the 
solution was added to all the sodium heated in an oil-bath at 140—150° as quickly as possible ; 
finally the heating was continued until almost all the metal had disappeared. The yield from 
10 g. of the ester was 33%; from 22-4 g. it was 44%; and by using 108 g. of the ester the yield 
was 54%. On the larger scale it is more easy to exclude traces of water, which greatly diminish 
the yield out of all proportion to their stoicheiometric amount. The reaction mixture was 
steam-distilled, and the residual oil collected by means of ether and distilled, b. p. 168—170°/8 
mm.; the 8-3 : 4-dimethoxyphenylethyl alcohol then crystallised from light petroleum, containing 
a little benzene, in rectangular plates, m. p. 47—48° (Found: C, 65-8; H, 7-7. Cy9H 40; 
requires C, 65-9; H, 7-7%). The phenylurethane crystallised from ether in radiating clusters 
of needles, m. p. 99° (Found: N, 4-8. C,,H,,0O,N requires N, 4:-7%). The p-nitrobenzoate, 
prepared by adding a solution of p-nitrobenzoy] chloride in chloroform to one of the dimethoxy- 
phenylethyl alcohol in pyridine, separated from benzene—light petroleum in fern-like crystals, 
m. p. 85° with previous softening (Found: N, 4-4. C,,H,,0O,N requires N, 4-2%). 

In connexion with other experiments in this group, 3: 4-dimethoxymandelonitrile was 
crystallised from ether, forming colourless clusters of rods, m. p. 104—105° (Found: N, 6°9. 
Ci9H,,0,N requires N, 7-3%), and then converted by the usual process into the hydrochloride 
of the related imino ethyl ester, colourless lustrous plates, m. p. 139—140° after washing with 
ether (Found: Cl, 13-2. C,,H,,0,NCl requires Cl, 12-9%). 


THE UNIVERSITY OF MANCHESTER (1928) [Received, September 27th, 1933.] 
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346. Attempts to find New Antimalarials. Part VI. Preparation of B- 
6 : 7-Dimethoxyquinaldyl(4)-ethylamine Dihydrochloride. 


By Kozo Miki and ROBERT ROBINSON. 


THE issue of this Journal dated August 1933 (p. 1087) contains a communication by Haq, 
Kapur, and Ray which at some points touches work which we carried out in 1930 and we 
now submit an account of this investigation, the duplication of experimental detail not 
being extensive. 

Our ultimate objective was the synthesis of bases analogous both to plasmoquine and 
to quinine, that is, bases containing aminoalkylamino-side chains but with at least two 
nitrogen atoms in the relative positions which they occupy in the quinine molecule. To 
this end we synthesised the substance named in the title and it remains to introduce an 
aminopropylamino-group by the method described in Part III (Baldwin, J., 1929, 2959). 

8-2-Amino-4 : 5-dimethoxybenzoylpropionic acid (I) condenses with acetone to §-6 : 7- 
dimethoxyquinaldyl(4)-propionic acid (II), which by the stages of the Curtius reactions 
furnishes §-6 : 7-dimethoxyquinaldyl(4)-ethylamine (III). The interrupted work in this 
field has now been resumed. 


i SE tl 


a— we CO 


CH,-CH,CO,H CH,CH,‘NH, 


MeO“ \CO-[CH,],CO,H MeO Meo’ \” 
Me NH, MeO \n/Me Me \n/Me 


(I.) (II.) (III.) 


The acid (III) has m. p. 249°; yet Hag, Kapur, and Ray (loc. cit.) describe its lower 
homologue, 8-6 : 7-dimethoxyquinolyl(4)-propionic acid, as having m. p. 120°, or 141° 
after drying. A recent repetition of the experiment showed that, as suspected, the sub- 
stance which they isolated must have been unchanged aminoveratroylpropionic acid, 
the acetaldehyde employed having been rapidly destroyed in the hot alkaline solution. 


“se § CF = 
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3 EXPERIMENTAL. 


Succinic Anhydride——A convenient method of preparation is the following. Powdered, 
dried succinic acid (100 g.) and phosphoryl] chloride (70 g.) were heated (oil-bath at 120°) under 
reflux for 4 hours with occasional stirring. The excess of phosphoryl chloride was distilled 
and the residue extracted with hot chloroform, affording pure succinic anhydride on cooling 
(yield, 81 g. or 94%). 

In the preparation of $-veratroylpropionic acid we employed carbon disulphide as solvent : 
the method of the Indian authors (/oc. cit.) using nitrobenzene is apparently to be preferred. 

B-2-Nitro-4 : 5-dimethoxybenzoylpropionic Acid.—Powdered {-veratroylpropionic acid (30 g.) 
was added with stirring to a mixture of nitric acid (250 c.c., d 1-42) and acetic acid (30 c.c.) 
cooled in ice and salt. After 2 hours, water was added and the nitro-acid collected (29-4 g.); 
it crystallised from alcohol or acetic acid in long, pale yellow needles (Found: C, 51-1; H, 
46; N, 5-0. Calc. for C,,.H,,0,N: C, 50-9; H, 4:6; N, 49%). In agreement with Haq, 
Kapur, and Ray, who estimated the nitrogen content only, the m. p. found was 212°. The 
constitution of the acid was proved by heating it (0-5 g.) with nitric acid (18 c.c., d 1-42) on the 
steam-bath for 1 hour, followed by evaporation of the nitric acid at 100°; the residue crystal- 
lised from alcohol in yellow needles, m. p. 127-5°, which did not depress the m. p. (127°) of 
authentic 4 : 5-dinitroveratrole. 

B-2-A mino-4 : 5-dimethoxybenzoylpropionic Acid (1).—The nitro-acid (5 g.) was reduced by 
means of seven times its weight of hydrated ferrous sulphate and excess of ammonia in boiling 
aqueous solution and isolated by rendering the filtered liquid faintly acid with acetic acid. 
After one recrystallisation from hot water the yield was 4 g., m. p. 141-5°. Five recrystallis- 
ations failed to remove the pale brownish tint of the long needles, m. p. 141—142-5° after drying 
in a vacuum (Found: C, 57-1; H, 6-0; N, 5-6. C,,H,,0,;N requires C, 56-9; H, 5-9; N, 
55%). For this compound, Haq, Kapur, and Ray (loc. cit.) record the m. p. 118°, but as they 
did not carry out an estimation of carbon and hydrogen their product may have been hydrated. 
Addition of ferric chloride to a dilute aqueous solution of this substance causes the slow develop- 
ment of a blue and then an intense violet coloration. 
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6-6 : 7-Dimethoxyquinaldyl(4)-propionic Acid (I1).—An attempt to condense the above 
amino-acid with acetone in boiling aqueous sodium hydroxide failed and the original material 
was recovered even though the reaction was prolonged for 25 hours. The condensation occurred, 
however, in alcoholic solution. A mixture of aminoveratroylpropionic acid (5-7 g.), sodium 
hydroxide (4-7 g.), acetone (25 c.c.), and alcohol (150 c.c. of 96%) was refluxed for 12 hours or 
longer and then (A) cooled and neutralised with hydrochloric acid; the precipitate was collected 
and washed with alcohol and water (yield, 4-1 g., m. p. 245°). The quinaldine derivative 
crystallised from 50% alcohol in minute, woolly, colourless needles, m. p. 249° after sintering 
at 247°, readily soluble in hot water, but separating as a gel on cooling (Found in material 
dried at 110°: C, 65-3; H, 6-4; N, 5-0. C,;H,,0O,N requires C, 65-4; H, 6-2; N, 5-1%). 

Haq, Kapur, and Ray (loc. cit.) condensed aminoveratroylpropionic acid with acetyl- 
acetone and isolated a product, m. p. 245°. Similarly the quinolines from aminoveratroyl- 
propionic acid and acetophenone and dibenzoylmethane had m. p.’s 231—232° and 229° re- 
spectively. Carbon and hydrogen estimations are required in order to confirm the view taken 
of the constitution of the products from acetylacetone and dibenzoylmethane, because the 
possibility of loss of an acyl residue exists and has not been experimentally disproved. 

As a convenient alternative (B) the reaction mixture obtained as above may be evaporated 
in a vacuum, the residue taken up in dilute hydrochloric acid, and the solution washed with 
ether and again evaporated; the dry residue is then extracted with boiling alcohol and after 
concentration of the extracts, the hydrochloride of the dimethoxyquinaldylpropionic acid 
separates. The salt crystallises from alcohol in white needles, m. p. 216° (decomp.) after 
sintering at 214° (Found: C, 57-9; H, 5-9; N, 4-8; Cl, 11-0. C,;H,,O,N,HCI requires C, 
57-8; H, 5-8; N, 4:5; Cl, 11-4%). 

The methyl ester was prepared in 90% yield by refluxing the acid or its hydrochloride with 
methyl-alcoholic hydrogen chloride, evaporating the solution to dryness, and adding aqueous 
sodium carbonate to the residue, The ester, collected by means of chloroform, crystallised 
from chloroform-light petroleum in long white needles, m. p. 101-5—102° (Found: C, 66-8; 
H, 6-5; N, 5-1. CygH O,N requires C, 66-4; H, 6-6; N, 4-8%). 

The hydrazide (II with CO*-NH*NH, for CO,H) was obtained by refluxing a mixture of the 
methy] ester (4 g.), hydrazine hydrate (1-8 g.), and alcohol (5 c.c.) for 30 minutes. The solution 
was evaporated to dryness, and the residue washed with ether and chloroform. The hydrazide 
in this condition (yield, 3-5 g.) could be used for the preparation of the azide; it crystallised 
from alcohol—ether at 0° in long white needles, m. p. 188-5° after sintering at 186° (Found : 
C, 58-4; H, 6-7; N, 13-7. C,;H,,0O,N;,H,O requires C, 58-6; H, 6-8; N, 13-7%). The form- 
ation of the azide proves that this substance is not the hydrazine salt of the acid. 

A solution of sodium nitrite (0-9 g.) in water (3 c.c.) was added to one of the hydrazide 
(1 g.) in acetic acid (10 c.c. of 40%) cooled in a freezing mixture. After 1 hour, sodium carbonate 
was added, liberating the azide (II with CON, for CO,H),which was collected, washed with water, 
and dried in a vacuum (yield, 0-85 g., decomposing at 94—95° with evolution of nitrogen) 
(Found: N, 18-3. C,;H,,O,N, requires N, 18-7%). 

8-6 : 7-Dimethoxyquinaldyl(4)-ethylurethane (III with NH°CO,Et for NH,).—The acid azide 
(0-85 g.) was heated with alcohol (20 c.c.) on the steam-bath until evolution of nitrogen ceased. 
The product (0-68 g.) crystallised from 30% alcohol in colourless woolly needles, m. p. 154° 
(Found: C, 64-1; H, 7-0; N, 8-8. C,,H,,0,N, requires C, 64-1; H, 6-9; N, 8-8%). 

8-6 : 7-Dimethoxyquinaldyl(4)-ethylamine (III).—The urethane is difficult to hydrolyse and 
this is a case to which the ingenious device of Manske (J. Amer. Chem. Soc., 1929, 51, 1202) 
has recently been found to be applicable. The urethane is converted into a substituted phthal- 
imide by heating with phthalic anhydride and the phthalimino-derivative is then hydrolysed 
in the known manner by means of hydrazine. The details will be submitted later, as this base 
is the starting point of a current investigation. 

Before the introduction of Manske’s method we operated as follows: A mixture of the 
urethane (0-5 g.) and hydrochloric acid (10 c.c., d 1-16) was heated in a sealed tube at 130° for 
5 hours. The resulting solution was evaporated in a vacuum, the residue extracted with ethyl 
alcohol, and the dihydrochloride precipitated by the addition of ether (yield, 0-4 g.). The salt, 
recrystallised from alcohol-ether, formed white microscopic prisms which became brown at 270° 
without melting (Found : Cl, 20-9; loss at 110° in a high vacuum, 5-5. C,,H,,O,N,,2HCI,H,O 
requires Cl, 21-1; H,O, 5-4%. Found in anhydrous material: C, 52-4; H, 6-4; Cl, 22:1. 
C,,H,,0,N,,2HCI requires C, 52-7; H, 6-3; Cl, 22-2%). 

Autocondensation of Aminoveratroylpropionic Acid.—A solution of the amino-acid (1 g.) 
and sodium hydroxide (2 g.) in alcohol (40 c.c.) was refluxed for 30 hours. The product was 
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isolated after neutralisation with hydrochloric acid and crystallised from alcohol in white 
woolly needles, m. p. 271—272° (decomp.) with slight previous decomposition (Found: C, 
65-9; H, 6-2; N, 9-9. C,;H,,O,;N, requires C, 66-2; H, 5-9; N, 10-3. C,,H,,0,;N, requires 
C, 65-9; H, 6-2; N, 9-6%). The substance is sparingly soluble in water and alcohol but readily 
soluble in dilute hydrochloric acid or in warm aqueous sodium hydroxide. It develops only 
a brownish-yellow coloration on the addition of ferric chloride to an acid solution and no evidence 
of a primary aromatic amine group could be obtained on attempted diazotisation and coupling 
with B-naphthol. In alcoholic solution the ferric reaction is orange-brown. The substance 
is being further investigated. 


UNIVERSITY COLLEGE, UNIVERSITY OF LONDON. 
Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 5th, 1933.] 





347. A Synthesis of Certain Naphtha(1 : 2:4’ :3')cowmarin Derivatives. 
By RosBerT Rosinson and J. D. Rose. 


In recent years a considerable number of tricyclic and tetracyclic substances with one 
or two aromatic nuclei and other nuclei of various types, including the heterocyclic rings, 
have been found to possess physiological activity. Interest attaches, therefore, to the 
synthesis of similar compounds, especially if the methods are of general applicability. 
The preparation in a simple manner of some phenolic naphthacoumarins which have points 
of constitutional analogy with certain fish-poisons is now described. 

The method adopted involves a remarkably facile ring-closure to a naphthalene deriv- 
ative. Ethyl benzoylsuccinate and resorcinol are condensed with the help of 85% sulphuric 
acid to the coumarin derivative (I; R= Et, R’ = OH), which on hydrolysis furnishes 
the corresponding acid (I; R= H, R’=OH). The methyl ethers of this ester and acid 
(R’ = MeO) were readily obtained. 

Condensation between the phenyl and the carboxyl group of substances of type (I) 
was effected under a variety of conditions, most smoothly by simple boiling with acetic 


MeO OAc 





Pin, fo 
/\N/ \ MeO 
R’ | Ico CH,°CO,Et Me 
M4 HO Xo 
O 0 Ac 
(I.) (IL.) (III.) (IV.) 


anhydride; the products were naphthacoumarins * of type (II; R= OAc). This ring- 
closure is accompanied by a striking change in the fluorescence properties. Dissolved 
in sulphuric acid, the phenylcoumarins (I) exhibit an intense bluish-violet fluorescence, 
and the naphthacoumarins an even more vivid green fluorescence. 

In order to approach more closely a structure analogous to rotenone, ethyl T-hydroxy-4- 
veratrylcoumarin-3-acetate (III) and the diacetoxydimethoxynaphthacoumarin (IV) were 
synthesised by the general method. 

Certain of the physiological properties of these substances are under examination. 


EXPERIMENTAL. 
Ethyl 7-Hydroxy-4-phenylcoumarin-3-acetate (I; R = Et, R’ = OH).—A fused mixture of 
resorcinol (20 g.) and ethyl benzoylsuccinate (15 g.) was distributed on the walls of a flask and 
allowed to solidify, sulphuric acid (225 c.c. of 85%) was then added during 30 minutes in portions 


* These are the true naphthacoumarins. The tricyclic substances termed ‘“ naphthacoumarins”’ 
in the literature should have been named “ naphthapyrones.” 
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of ca. 20 c.c. with constant shaking and cooling in running water, and the clear red solution was 
kept for 24 hours at room temperature. The mixture was poured with stirring into ice-water 
(2000 c.c.) and kept for some hours; the solid (20 g.) crystallised from alcohol in colourless 
flat prisms, m. p. 177° (Found: C, 70-3; H, 5-0; EtO, 18-3; M, cryoscopic in camphor, 323, 
317. C,,H,,O, requires C, 70-3; H, 4:9; lEtO, 180%; M, 324). The substance is readily 
soluble in acetic acid or alcohol, gives a brown coloration with alcoholic ferric chloride, and 
forms a pale yellow solution exhibiting a dark green fluorescence in aqueous sodium hydroxide 
and a yellow solution with bright violet fluorescence in sulphuric acid. 

7-Hydroxy-4-phenylcoumarin-3-acetic Acid (I; R= H, R’ = OH).—tThe ester (5 g.) was 
refluxed with aqueous sodium hydroxide (40 c.c. of 5%) for 1 hour; the acid (4-5 g.) precipitated 
by hydrochloric acid crystallised from acetic acid in colourless hexagonal plates, m. p. 249— 
250° after darkening at 205° (Found in material dried at 110° in a high vacuum over phosphoric 
oxide: C, 68-1, 67-9; H, 4:4, 4:2. C,,H,,0O,; requires C, 68-9; H, 4:1%). Low values for 
content of carbon were obtained in many estimations, and this may be due to contamination 
with a substituted ¢vans-o-coumaric acid. The colour reactions of the acid resemble those of 
its ester described above. When the acid was refluxed with 10% alcoholic sulphuric acid, 
it was reconverted into its ethyl ester (m. p. and mixed m. p. 177°). 

7-Methoxy-4-phenylcoumarin-3-acetic Acid (I; R = H, R’ = OMe).—Ethyl hydroxypheny]l- 
coumarinacetate (60 g.) was dissolved in the minimum of 10% aqueous sodium hydroxide, and 
methyl sulphate (45 g.) added with vigorous stirring; sodium hydroxide was added when 
necessary in order to preserve an alkaline reaction. The mixture was finally refluxed for 
2 hours and the hot clear liquid was acidified with hydrochloric acid. The precipitate crystal- 
lised from acetic acid in long needles (25 g.), m. p. 209° (Found: C, 69-5; H, 4:6; MeO, 9-8. 
C,,H,,0,; requires C, 69-7; H, 4:5; 1MeO, 10-0%). This acid is sparingly soluble in water 
or in hot xylene and readily soluble in hot glacial acetic acid. The fluorescence of a solution 
in sulphuric acid is bright bluish-violet. 

1-Methyl 2-Ethyl Phenyl-2 : 4-dimethoxyphenylmethylenesuccinate.—This ester results from 
the methylation of ethyl 7-hydroxy-4-phenylcoumarin-3-acetate under the following conditions 
and it is apparent that the coumarin ring is opened before the carbethoxy] group is hydrolysed. 
A solution of the coumarin ester (2 g.) in the minimum of aqueous sodium hydroxide (10%) 
was shaken vigorously with methyl sulphate (5 g.), further addition of sodium hydroxide being 
made when necessary to preserve an alkaline reaction. A white solid which separated crystal- 
lised from alcohol in small plates (0-8 g.), m. p. 93° (Found: C, 68-8; H, 6-2. C,,H4O, re- 
quires C, 68-8; H, 6-3%). The ester dissolved in sulphuric acid to a non-fluorescent solution. 

On similar methylation of 7-hydroxy-4-phenylcoumarin-3-acetic acid by means of aqueous 
sodium hydroxide and an excess of methyl sulphate, methyl phenyl-2 : 4-dimethoxyphenyl- 
methylenesuccinate was obtained; this crystallised from aqueous alcohol in small rectangular 
plates, m. p. 101° (Found: C, 67-7; H, 5-8; MeO, 33-1. C,,H,.O, requires C, 68-1; H, 5-9; 
4MeO, 33-5%). 

4: 7'-Diacetoxynaphtha(1 : 2: 4’ : 3’)coumarin (II; R, R’ = OAc).—A mixture of 7-hydroxy- 
4-phenylcoumarin-3-acetic acid (18 g.) and acetic anhydride (100 c.c.) was refluxed for 12 hours; 
on cooling, white crystals (8 g.) separated, and a further quantity was obtained from the mother- 
liquor after the excess of acetic anhydride had been decomposed with water. The substance 
crystallised from acetic acid in long colourless needles, m. p. 230° (Found: C, 69-7; H, 3-9. 
C,,H,,0, requires C, 69-6; H, 3-8%). The solution in sulphuric acid exhibits an intense green 
fluorescence and rapidly acquires a scarlet coloration. 

4 : 7'-Dihydroxynaphtha(1 : 2: 4’ : 3’)coumarin (I; R, R’ = OH).—The diacetate (8 g.) 
was refluxed for 1 hour with alcoholic potash (50 c.c. of 5%), and the solution acidified hot with 
hydrochloric acid and added to water (200 c.c.). The yellow powder (6 g.) obtained crystallised 
from n-butyl alcohol in microscopic prisms which charred but did not melt at 360° (Found : 
C, 70-9; H, 3-9. C,,H)0,,0-5H,O requires C, 71-1; H, 3-8%). This substance is sparingly 
soluble in organic solvents ; its solution in sulphuric acid exhibits a phenomenal green fluorescence 
and, on keeping, a crimson coloration is developed. On acetylation with boiling acetic anhydride 
for 30 minutes, the diacetate, m. p. 230° (undepressed mixed m. p.), was obtained. 

4-A cetoxy-7'-methoxynaphtha(1 : 2: 4’ : 3’)coumarin (Il; R = OAc, R’ = OMe).—7-Methoxy- 
4-phenylcoumarin-3-acetic acid (5 g.) was refluxed for 6 hours with acetic anhydride (20 c.c.). 
The cooled solution deposited hair-like crystals (1-9 g.) and a further quantity (2-9 g.) was 
obtained from the mother-liquor. The substance crystallised from acetic acid in long, slender, 
pale yellow needles, m. p. 184° (Found: C, 71:7; H, 4:3; MeO, 9-0. C,. 9H,,O, requires C, 
71-6; H, 4:2; MeO, 96%). This derivative is sparingly soluble in hot alcohol and in cold 
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benzene or acetic acid; it is readily soluble in hot benzene. In sulphuric acid the usual brilliant 
green fluorescence and yellow solution, changing to crimson, were observed. 

The related phenol (II; R = OH, R’ = OMe) was obtained by hydrolysis with boiling 
alcoholic potassium hydroxide as in a previous case. The crude product (1-5 g. from 2 g. 
of the acetate) crystallised from a relatively large volume of alcohol in long yellow needles, 
m. p. 266—267° (decomp.) (Found: C, 73-6; H, 4:1. C,,H,,O, requires C, 73-9; H, 41%). 
4-Hydvoxy-7'-methoxynaphtha(1 : 2: 4’ : 3’)coumarin is very sparingly soluble in most organic 
solvents, but is moderately readily soluble in hot alcohol or tetrachloroethane. The solution 
in sulphuric acid exhibits the usual properties and the sodium salt is sparingly soluble in alcohol. 
On boiling with acetic anhydride the acetate (above) is regenerated. 

7'-Methoxy-4-(7''-methoxy-4''-phenylcoumarin-3"'-acetoxy)naphtha(1:2:4':3')coumarin (?). 
—A mixture of 7-methoxy-4-phenylcoumarin-3-acetic acid (1-5 g.), phosphoric oxide (5 g.), 
and xylene (40 c.c.) was refluxed for 4 hours, and light petroleum added to the clear solution 
decanted from the black residue. The deposited yellow powder (0-7 g.) crystallised from 
xylene in elongated diamond-shaped plates, m. p. 237° (Found: C, 73-9; H, 4:1; MeO, 9-9. 
C3,H.,O, requires C, 73-9; H, 4-1; 2MeO, 10-6%). This sparingly soluble substance dissolves 
in sulphuric acid to a solution exhibiting the behaviour of one of the dihydroxynaphthacoumarin 
derivatives. Hydrolysis by means of alcoholic sodium hydroxide resulted in the formation 
of 4-hydroxy-7’-methoxynaphtha(1 : 2: 4’ : 3’)coumarin (above) in 25—30% yield. It appears 
probable that the compound is, as suggested in the heading, an ester derived from methoxy- 
phenylcoumarinacetic acid and hydroxymethoxynaphthacoumarin; the note of interrogation 
is added on account of our failure to synthesise the supposed ester from the acid and the phenolic 
component named. 

4: 7'-Diacetoxy-5 : 6-dimethoxynaphtha(1 : 2: 4’ : 3’)coumarin (IV).—Veratroyl chloride (50 
g., b. p. 180°/40 mm., m. p. 70°), prepared by the interaction of equal weights of dry veratric 
acid and thionyl chloride at the b. p. of the latter, was dissolved in ether (700 c.c.). Sodium 
(12:5 g.) and alcohol (400 c.c.) were used for the preparation of a sodium ethoxide solution, | 
to half of which ethyl acetoacetate (31 g.) was added. After cooling to 5°, the veratroyl chloride 
(350 c.c.) was introduced and after 1 hour successive additions of sodium ethoxide solution 
(100 c.c.) and veratroyl chloride solution (175 c.c.) were made. At suitable intervals half of 
the residual ethoxide and of the chloride solution were added until the volumes were small. 
After 24 hours the sodio-derivative of ethyl veratroylacetoacetate mixed with sodium chloride 
was collected. 

A small portion of the salt was suspended in ice-water, and acetic acid used to precipitate 
free ethyl veratroylacetoacetate, which crystallised from alcohol in long colourless needles, m. p. 
82° (Found: C, 60-8; H, 6-1. C,;H,,O, requires C, 61-2; H, 6-1%). 

The main quantity of the salt (75 g.) was mixed with water (150 c.c.), ammonium chloride 
(12 g.), and aqueous ammonia (40 c.c. of 10%), and the whole heated to 45° and vigorously 
shaken. The heavy brown oil (45 g.) that was isolated by means of ether could not be crystallised 
or distilled. It was regarded as ethyl veratroylacetate and converted into ethyl veratroyl- 
succinate, also a viscous oil, by means of sodium ethoxide and ethyl bromoacetate in the usual 
manner. ‘The increase of weight indicated that the reaction had succeeded (40 g. from 32 g.). 

Alternatively, ethyl veratroylsuccinate was prepared by interaction of the sodio-derivative 
of ethyl acetylsuccinate (50 g.) with veratroyl chloride (47 g.) in ethereal alcoholic solution. 
The product was hydrolysed by means of aqueous ammonium chloride and ammonia, and 
afforded a yellow oil (69 g.), doubtless consisting largely of ethyl veratroylsuccinate. After 
some days, the oil deposited a white solid, which crystallised from alcohol in needles, m. p. 
98° (Found: C, 59-8: H, 6-3. C,,H,,O, requires C, 60-0; H, 6-3%). This substance, which 
gives no coloration with ferric chloride in alcoholic solution, is certainly ethyl x«-veratroylacetyl- 
succinate, the hydrolysis having been incomplete. A mixture of ethyl veratroylsuccinate 
(crude oil, 5 g.), resorcinol (6 g.), and sulphuric acid (150 c.c. of 84%) was kept for 12 hours 


.and added to water. The dark red tar was taken up in acetic acid and, on keeping, this solution 


deposited a solid which, recrystallised from acetic acid, formed small diamond-shaped plates, 
m. p. 172° (Found in material dried at 110°/20 mm. over phosphoric oxide: C, 63-1; H, 5-5. 
CypHy9O0g,H,O requires C, 62-7; H, 5-5%). The substance exhibits only pseudo-acidic pro- 
perties and so appears to be ethyl 7-hydroxy-4-veratrovicoumarin-3-acetate, crystallising with 
1H,O very firmly held, rather than the corresponding coumaric acid, Its solution in sulphuric 
acid is non-fluorescent. 

This substance (2 g.) was hydrolysed as in a previous case with alcoholic potash, and the 
product boiled for 6 hours with acetic anhydride (8 c.c.); white crystals (0-5 g.) were obtained 
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from the cooled solution. The substance crystallised from acetic acid in long colourless needles, 
m. p. 256—257° (Found: C, 65-3; H, 4:3. (C,,;H,,0O, requires C, 65-4; H, 43%). This 
compound has the usual properties of a naphthacoumarin; its yellow solution in sulphuric acid 
exhibits a brilliant green fluorescence and the liquid becomes bright red on keeping. 

Ethyl m-Methoxybenzoylsuccinate.—m-Methoxybenzoic acid (50 g.) and thionyl chloride 
(60 g.) were refluxed for 2 hours and afforded m-methoxybenzoyl chloride, b. p. 148°/24 mm. 
(yield, 54 g.). 

By the method described above for ethyl veratroylacetate, ethyl acetoacetate (40 g.) and 
m-methoxybenzoyl chloride (54 g.) gave ethyl m-methoxybenzoylacetate (51 g.). This ester 
(50 g.), sodium (5 g.), alcohol (100 c.c.), and ethyl bromoacetate (37 g.) were used in the prepar- 
ation of ethyl m-methoxybenzoylsuccinate (26 g. of b. p. 227°/17 mm.) (Found: C, 62-2; H, 
6-4. C,H, O, requires C, 62-3; H, 64%). Attempts to condense this ester with resorcinol 
to a coumarin derivative were fruitless. 
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348. Experiments on the Synthesis of Physostigmine (Eserine). 
Part VIII. 


By F. E. Kinc, ROBERT Rosinson, and H. SUGINOME. 










FOLLOWING the appearance of the earlier parts of this narrative (J., 1932, 298—336, 1433), 
Hoshino and Tamura (Proc. Imp. Acad. Japan, 1932, 8, 17; Annalen, 1933, 500, 42) have 
described compounds containing the so-called eserine ring-system, and their contribution 
to the subject is of great interest. It might be gathered, however, from the introductory 
remarks of these authors that the present series of researches had failed to achieve the 
synthesis of the eserine nucleus.* Reference to the publications cited by the Japanese 
authors (Parts II and VI) will show that this supposition is erroneous, and, far from 
abandoning the methods already devised, we have confirmed that described in Part II and 
repeated it on a scale sufficient to enable the performance of preliminary experiments on 
the resolution of synthetic eserethole. An account of this work is appended, and it is 
anticipated that modifications in the earlier stages of the synthesis, which are described in 
part in the following communication, will adapt the process for the preparation of such 
quantities of dl-eserethole as may be required to bring the enterprise to a successful 
conclusion. 

During the decarboxylation of the acid (I), which is an integral stage of the synthesis, 
in addition to the desired indolenine (II) and the by-product (III), the isolation of an 
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unidentified acid, m. p. 170°, was recorded (loc. cit., p. 312). This is now recognised to be 
3-keto-4-0-carboxybenzoyl-10-ethoxy-7-methyl-3 : 4 : 5 : 6-tetrahydro-4-4-carboline (IV), and 
its formation in an amount approximately five times that of the indolenine (II) may be 
considered to be due to the more facile ring-closure to a 6-membered piperidone than to a 
5-membered phthalimide derivative. Alternatively, and perhaps more acceptably, it may 
be regarded as a measure of the reactivities of the respective carboxyl groups, that attached 
to the indolenine nucleus being analogous to the carboxyls of picolinic or oxalic acids, and 


* Our reference is to the following remark quoted from the memoir of Hoshino and Tamura: “ In 
jiingster Zeit haben R. Robinson und seine Mitarbeiter (besonders H. Suginome) Versuche Eserin zu 
synthetisieren, veréffentlicht. Aber die Synthese des Eserinringes ist noch nicht ganz gelungen.”’ 
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therefore exhibiting appreciably the greater kationoid reactivity. The relatively slower 
dehydration reaction may then afford the intermediate (V), which under the experimental 
conditions gives rise to the indolenine (II). 


e sen | Kan 
7 CH 


, (III.) N EtO e CH, (IV.) 
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dl-Noreserethole (VI) and methyl -toluenesulphonate gave an oil, shown by examination 
of its picrate to be substantially dl-eserethole. The salt which crystallised from a solution 


EtO > GMe: CH,°CHyN< ted H, EtO CMe—CH, 
(V.) \A J&'COH CH\ /CH, (VI.) 
Xf Nite NA 


of this base and one equivalent of d-tartaric acid inalcohol could not be purified, and further- 
more it appeared probable (compare also Hoshino and Tamura, Joc. cit.) that, of the mixed 
salts derived from the dl-base, the d-base-d-acid would separate first. Conversely, of the 
two salts to be obtained by combination of inactive eserethole with /-tartaric acid, the 
l-base-l-acid might be the less soluble. With a view to examining the properties of the 
latter, l-eserethole hydrogen racemate was prepared, but no separation into optical antipodes 
could be effected. 1-Eserethole hydrogen 1-tartrate is slightly less soluble than the /-base- 
d-acid and crystallises in a highly characteristic manner, but an attempt to resolve the 
synthetic base by means of /-tartaric acid was inconclusive. The recovered basic residues 
from these trials were converted into dl-eserethole methopicrate, which closely resembles the 
corresponding |-base methopicrate. 

Preliminary experiments on the formation of 8-phenoxy-sec.-butyl bromide (v. Braun 
and Deutsch, Ber., 1911, 44, 3706) from «y-dibromobutane, for which a convenient prepar- 
ation is given, suggest that the phenoxy-indolenines of Part VII (this vol., p. 27) might be 
derived by a synthesis analogous to that of Part II. The constitution of the phenoxy- 
bromide (compare v. Braun and Deutsch, Joc. cit.) depends on its conversion through the 
nitrile into y-phenoxy-«-methylbutyric acid. The bromide condenses with ethyl methyl- 
malonate to give what is apparently ethyl e-phenoxy-y-methylpentane-B8-dicarboxylate. 


5, 
is 
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EXPERIMENTAL. 

3-Keto-4-0-carboxybenzoyl - 10-ethoxy-7-methyl-3: 4:5: 6-tetrahydro-4--carboline (IV).— 
Following decomposition of the dicarboxylic acid (I) (15 g.) by heating in xylene (320 c.c.) as 
described in Part II (/oc. cit.), a non-basic material began to separate, and after the accumulation 
of 5—6 g. of the indolenine (II) this by-product (50 g.) was shaken with aqueous sodium carbonate, 
leaving a residue of the very stable NN’-phthaloyldinoreserethole (III). The acidic fraction 
was crystallised from alcohol, affording the acid (31 g.) of m. p. ca. 170°, with effervescence, 
which varied slightly with the rate of heating. When recrystallised, it very slowly separated 
from acetic acid or from alcohol in hard nodules of minute colourless prisms (Found: C, 64-5; 
H, 5-5; N, 7-0; loss at 145°, 5-0. C .H O;N,,H,O requires C, 64-4; H, 5-4; N, 6-8; H,O, 
4-4%. Found in dried material: C, 66-2; H, 5-1. C,.H,O;N, requires C, 67-3; H, 5-1%). 
The substance dissolves in concentrated sulphuric acid to a bright lemon-yellow solution. 

The acid (2 g.) did not readily dissolve in 20% aqueous sodium hydroxide (25 c.c.), and when 
heated a heavy oily layer separated which vanished on cooling. Hydrolysis was completed by 
boiling under reflux for 1 hour, and the plastic solid precipitated by hydrochloric acid was dis- 
solved in a little alcohol and treated with a slight excess of potassium hydroxide. On standing, 
a crystalline precipitate appeared, and this separated from a large volume of 95% alcohol in 
colourless prisms, m. p. 275—285°, evidently identical with the dipotassium salt of 5-ethoxy- 
3-methyl-3-(8-o-carboxybenzamidoethyl)indolenine-2-carboxylic acid (I) (Part II, Joc. cit., 
p. 311). 
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1-Eserethole Hydrogen d-Tartrate.—By the method of Polonovski (Bull. Soc. chim., 1915, 17, 
235), /-eserethole of b. p. 174°/12 mm. was obtained in 75% yield. A solution of the base 
(0-78 g.) and d-tartaric acid (0-5 g.) in methyl alcohol after 12 hours gave the acid tartrate (0-9 g.) 
in prisms, m. p. 164—166° (Found in material dried at 100° in a vacuum: C, 57-4; H, 7:2; 
N, 7-4. Cy ,H,s0,N, requires C, 57-6; H, 7-1; N, 7-1%). This salt dissolves readily in alcohol, 
but is much less soluble in acetone or in ethyl acetate. 

dl-Eserethole (compare Part II, Joc. cit., p. 314).—d/-Noreserethole (1-1 g.) in dry benzene 
(3 c.c.) was mixed with a solution of methyl p-toluenesulphonate (0-88 g., 1 mol.) in ethyl acetate 
(3 c.c.). The whole was left for 24 hours at room temperature and heated for 20 minutes under 
reflux on a steam-bath; light petroleum was then added, whereupon a viscous syrup separated, 
from which the solvents were decanted. The residue was stirred with a little ether and shaken 
with water (20 c.c.) and after separation from the small quantity of ether-insoluble matter the 
solution was basified and extracted with ether. Distillation of the extract from an oil-bath at 
165—170° gave a straw-coloured oil (0-6 g.), b. p. 130—135°/1 mm. _ It was dissolved in alcohol 
(3 c.c.) containing d-tartaric acid (0-38 g.) and the minute crystals (0-45 g.) which separated after 
6 hours at 0° were repeatedly crystallised. Determinations of m. p. suggested that the salt was 
contaminated with a persistent impurity; with a specimen of the final product fusion began at 
133°, but was not complete until ca. 155°. The base which was regenerated from material 
derived from the alcoholic residues yielded a picrate, eventually obtained in voluminous clusters 
of fine yeliow needles, m. p. 138—140° (Found: N, 15-1. (C,,H,;0,N; requires N, 14-7%). 
Noreserethole picrate (Part IT, doc. cit., p. 314), CyogH,,0,N; (N, 15-2%), crystallises in orange-red 
prisms, m. p. 180—181°. 

1-Eserethole Hydrogen d-Racemate.—Racemic acid dried at 110° (0-61 g., 1 mol.) was dissolved 
in an alcoholic solution (8 c.c.) of the natural base (1 g.). Clusters of rectangular plates (1-5 g.) 
rapidly separated, m. p. 157—158°, identical with a further small amount obtained by concen- 
tration of the mother-liquor. MRecrystallisation from alcohol (15 c.c.) gave the pure racemate 
(1-1 g.), m. p. 159°, unaffected by further crystallisation (Found: C, 57-6; H, 6-9; N, 7-2. 
C,9H,,0,N, requires C, 57-6; H, 7-1; N, 7-1%). 

l-Eserethole Hydrogen |-Tartrate-—A solution of /-tartaric acid (0-35 g.) and /-eserethole 
(0-56 g.) in alcohol (4 c.c.) deposited the acid tartrate in sheaf-like clusters of large prisms (0-81 g.), 
which on recrystallisation had m. p. 172—173° (Found: C, 57-6; H, 7-2; N, 7-3. C,H,,0,N, 
requires C, 57-6; H, 7-1; N, 7:1%). It is slightly less soluble in organic solvents than the 
isomeric /-base-d-acid but it resembles all other tartrates in this series in being freely soluble 
in water. 

Resolution Experiments with dl-Eserethole Hydrogen 1-Tartrate-——The yield of distillable 
product derived from d/-noreserethole was not affected by employment of slightly more (1-3 
mols.) than the theoretical amount of methyl p-toluenesulphonate. The salt (0-2—0-3 g.) 
which separated from a solution of the base (0-6 g.) and /-tartaric acid (0-38 g.) in alcohol (4 c.c.) 
was recrystallised, and afforded small clusters of microcrystalline prisms, m. p. 125—140° (Found : 
C, 54:3; H, 7-1; N, 7-0. Cy9H,,0,N,,H,O requires C, 55-1; H, 7-2; N, 68%. ©C,gH,g.0,N,,H,O 
requires C, 54:0; H, 7-0; N, 7-0%). The residues were recovered, decomposed by aqueous 

sodium hydroxide, and converted by the successive action of methyl iodide and alcoholic picric 
acid into the quaternary picrate. The alcoholic solution first deposited a trifling amount of 
yellow crystalline solid, which was separated from the bright red methopicrate by hand. One 
crystallisation gave yellow hexagonal tablets, melting at 150—152° to a red liquid. The bulk 
of the product was dl-eserethole methopicrate, which crystallised from alcohol in orange-red 
hexagonal plates, m. p. 184—186°, followed by decomposition (Found: C, 53-8; H, 5-4; N, 
14:3. C,,H,;,ON,,CgH,O,N, requires C, 54:0; H, 5-5; N, 14:3%). The related salt from 
physostigmine, ]-eserethole methopicrate, was likewise prepared. It formed splendid orange-red 
rhombic leaflets, m. p. 190° with rapid decomposition (Found: C, 53-9; H, 5-5; N, 14-6. 
C,¢H,;ON,,Cg,H,O,N, requires C, 54-0; H, 5-5; N, 14:3%). 

ay-Dibromobuiane.—To a solution containing hydrobromic acid (1250 c.c. of d 1-5), concen- 
trated sulphuric acid (375 g.), and «y-dihydroxybutane (270 g.), a further quantity of sulphuric 
acid (600 g.) was cautiously added. Following 3 hours’ boiling under reflux, the mixture was 
distilled for 1 hour. Appreciable charring was then apparent (the use of an external source of 
steam for isolation of the product should improve the yield). The heavy oil was separated, 
dried over calcium chloride, and distilled under reduced pressure, the main fraction (440 g. or 
68°) having b. p. 73—78°/22 mm. 

Condensation of wy-Dibromobutane with Phenol.—A stirred mixture of the dibromide (440 g.), 
phenol (160 g.), and water (530 c.c.) was heated to boiling and treated dropwise during 30—40 
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minutes with sodium hydroxide (70 g.) in water (220 c.c.). Heating was continued for 6 hours 
and the non-aqueous material was then roughly separated and distilled. The fraction (133 g.), 
b. p. 181—141°/13 mm. (v. Braun and Deutsch, Joc. cit., give 130—131°/9 mm. as the b. p. of 
§-phenoxy-sec.-butyl bromide), was collected in two parts (90 g. and 43 g.). Equal quantities 
(25 g.) of the two portions and potassium cyanide (25 g.) in water (45 c.c.) and alcohol (125 c.c.) 
were heated under reflux on a steam-bath for 20 hours. The product, isolated in the usual 
manner, was distilled under reduced pressure, the fraction (12—13 g.), b. p. above 145°/14 mm. 
(y-phenoxy-«-methylbutyronitrile has b. p. 165°/18—20 mm.), being reserved for hydrolysis, 
which was effected by boiling for 10 hours with aqueous potassium hydroxide (75 c.c. of 40%). 
The alkali-soluble material was precipitated by acid as a brown oil, which became turbid with 
crystals. When isolated by pressing on a porous tile and once crystallised from light petroleum, 
the colourless solid (2-6—3-7 g.) had m. p. 78—80° undepressed by the authentic y-phenoxy- 
a-methylbutyric acid. 

Ethyl e-Phenoxy-y-methylpentane-BB-dicarboxylaie.—A solution of sodium (1 g.) in alcohol 
(40 c.c.) was heated under reflux on a steam-bath for several hours with ethyl methylmalonate 
(11-5 g.) and the phenoxy-bromide (15 g.). After neutralisation with acetic acid, the product 
was isolated and distilled as a colourless oil (10—11 g.), b. p. 211—212°/17 mm., consisting of the 
estey (Found: C, 67-2; H, 7-8. C,gH,.O0, requires C, 67-1; H, 8-0%), but neither the related 
acid nor the acid amide could be crystallised. 

THE DysON PERRINS LABORATORY, IMPERIAL UNIVERSITY OF HOKKAIDO, 
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349. KHxperiments on the Synthesis of Physostigmine (Eserine). Part 
IX. An Improvement in the Synthesis of dl-Eserethole. 


By F. E. Kinc, Mario Liguori, and ROBERT ROBINSON. 


THE synthesis of dl-eserethole described in Part II (Robinson and Suginome, J., 1932, 314) 
includes one unsatisfactory stage, namely, the decarboxylation and dehydration of the 
dicarboxylic acid (I) with formation of the indolenine (II). 


Me Me CO 
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The subsequent hydrolysis and ring-closure to noreserethole proceed smoothly and we were 
desirous of improving the preparation of (II) in order to acquire sufficient material for 
resolution of the enantiomorphic bases. 

As a preliminary the method of Part VII (King and Robinson, this vol., p. 270) was 
extended to the preparation of 5-methoxy-3-methyl-3-8-phenoxyethylindolenine (III), which 
was obtained by the action of boiling alcoholic hydrogen chloride on the p-methoxyphenyl- 


(IIT.) MeO ——¢CH,yCH,-OPh CoH NCH CH CHMeCHO (IV.) 
\N/CH ‘CO 


hydrazone of y-phenoxy-«-methylbutaldehyde. The methochloride of this base could not 
be dephenoxylated by means of hot hydrobromic acid (or by other means) without exten- 
sive simultaneous decomposition. The method of protection by means of a phenoxy- 
group gives good results in the indolinone series (compare Part VI; King and Robinson, 
J., 1932, 1433), but evidently the indolenine nucleus is so sensitive to the action of hot 
mineral acids that the replacement of the phenoxy-group by a halogen atom is not feasible 
in this group of bases. Hence we returned to the device of employing the phthalimido- 
derivatives and have now obtained the aldehyde (IV) which is unquestionably the ideal 
intermediate for our purpose. 
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y-Phthalimido-«-methylbutyric acid (compare Part II, loc. cit.) was converted into the 
acid chloride, the amide, and the nitrile, which on reduction by Stephen’s method (J., 1925, 
127, 1874) furnished y-phithalimido-«-methylbutaldehyde (IV). In conjunction with p-ethoxy- 
phenylhydrazine the indolenine synthesis then afforded the base (II), the picrate and the 
methosulphate of which were shown by careful comparison to be identical with the speci- 
mens obtained by the method of Part II (loc. cit.). The stages leading to eserethole are 
described in a preliminary manner in the preceding communication, but all the indolenine 
base (II) used for those experiments was made by the method of Part II. The modification 
here described is a great advance on the older process and renders dl-eserethole a relatively 
easily accessible base. 


EXPERIMENTAL. 


y-Phenoxy-a-methylbutaldehyde.—An improved yield of this aldehyde (compare Part VII, 
loc. cit.) was obtained under the following conditions. Hydrogen chloride was passed into a 
suspension of anhydrous stannous chloride (30 g.) in ether (300 c.c.) until separation into two 
liquid layers was complete. y-Phenoxy-a-methylbutyronitrile (15 g. of b. p. 150—155°/12 mm.), 
dissolved in ether (50 c.c.), was introduced with vigorous shaking, and the mixture kept at room 
temperature for 12 hours and then refluxed for 10 hours, cooled, and saturated with hydrogen 
chloride. The white crystalline aldimine stannichloride (17 g.) was collected and hydrolysed by 
means of cold water (100 c.c.) during 5 hours; the aldehyde then separated as a nearly colourless, 
viscous oil (7-8 g.), which was collected by means of ether. 

The 2: 4-dinitrophenylhydrazone separated as a yellow crystalline powder (1-1 g.) when a 
solution of the aldehyde (0-8 g.) in methyl alcohol (5 c.c.) was added to a boiling one of dinitro- 
phenylhydrazine (0-9 g.) in acetic acid (25 c.c.). The derivative crystallised from acetic acid in 
yellow prisms, m. p. 109—110° (Found: N, 15-8. C,,H,,0,;N, requires N, 15-6%). 

5-Methoxy-3-methyl-3-B-phenoxyethylindolenine (III).—A solution of phenoxymethylbut- 
aldehyde (3-5 g.) and p-methoxyphenylhydrazine (2-7 g.) (Altschul, Ber., 1892, 25, 1849; Blaikie 
and Perkin, J., 1924, 125, 313) in alcohol (20 c.c.) was refluxed for $ hour, the reddish-yellow 
liquid then becoming almost colourless, It was cooled in a freezing mixture, saturated alcoholic 
hydrogen chloride (20 c.c.) slowly added, and the mixture kept till next day at room temperature. 
Ammonium chloride was deposited and was separated and the filtrate was concentrated under 
diminished pressure. The base was then liberated by means of sodium carbonate and collected 
in ether, the solvent being finally completely removed by exposure in a vacuum over phosphoric 
oxide, The brown syrupy base (4-8 g.) was converted in hot alcoholic solution into the picrate, 
which separated as a yellow crystalline powder (5-4 g., m. p. 156—157°). It crystallised from 
ethyl acetate in clusters of yellow prisms, m. p. 157° (Found in material dried at 80° in a high 
vacuum over phosphoric oxide: C, 56-5; H, 4:4; N, 11-0. C,,H,gO,.N,C,H,O,N, requires 
C, 56-5; H, 4:3; N, 110%). The free base, liberated from the picrate (5 g.) and collected by 
means of pure ether, formed a thick syrup (2-4 g.) which would not crystallise. It was redis- 
solved in ether (10 c.c.) and after the addition of methyl iodide (5 g.) the solution was refluxed 
for 3hours. The methiodide separated gradually in slender needles (3-2 g.), which, recrystallised 
from alcohol, formed golden-yellow needles, m. p. 180—181° (Found: N, 3-4. C,,H,,O0,NI 
requires N, 3-3%). 

The corresponding methochloride was obtained as a greyish-coloured gum by interaction of 
the methiodide and silver chloride in hot aqueous suspension and subsequent evaporation of the 
filtered solution. A large number of fruitless experiments were made on the decomposition of 
this salt by means of hydrobromic acid under various conditions. In some cases the product 
was not directly worked up but was treated with methylamine and some evidence of esermethole 
formation was noted. The yields were, however, hopelessly low and this method of synthesis 
was abandoned. 

Phthalo-B-bromoethylimide and Methyl-8-phthalimidoethylmalonic Acid.—An improved yield 
was obtained under the following conditions. An intimate mixture of powdered phthalimide 
(147 g.), dried potassium carbonate (75 g.), and ethylene dibromide (470 g.) was carefully heated 
in an oil-bath until it became nearly solid and then liquefied; it was then refluxed for 5 hours, 
and ethylene dibromide (320 g.) recovered by distillation in steam. The residue in the flask 
(dried, 245 g.) was separated into its constituents by extraction with light petroleum (yield, 
118 g. of phthalobromoethylimide, m. p. 80—81°). Two crystallisations from 3 parts of methyl 
alcohol raised the m,. p. to 83—84°, The preparation of ethyl methyl-$-phthalimidoethyl- 
malonate was carried out exactly as described in Part II (/oc. cit., p. 316), but the crude product 
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(105 g. from ethyl methylmalonate, 83 g.) was purified by distillation, b. p. 225—230°/3 mm. 
The fraction (47 g.) crystallised (m. p. 67—68°) and after two recrystallisations from an equal 
volume of alcohol or from light petroleum had m. p. 72-5—-73°. The hydrolysis of this ester by 
the method described in Part II is dependent on some elusive condition and we found that 
consistent results were obtainable by the use of the following modified process. 

Hydrochloric acid (120 g., d 1-17) was carefully mixed with acetic anhydride (80 c.c.), and 
ethyl methylphthalimidoethylmalonate (10 g.) added; solution then occurred at once. After 
boiling for 1 hour, the solvent was removed at or below 100° under diminished pressure and the 
desired acid then crystallised (yield, 6—6-5 g., m. p. 171—173° with decomp.). 

y-Phthalimido-a-methylbutyramide.—y-Phthalimido-«-methylbutyric acid (13-5 g.) was con- 
verted into its chloride by refluxing with thionyl chloride (21 g.), and the product distilled as a 
colourless oil, b. p. 190—195°/5 mm. (yield, 13 g.). The whole quantity was then added to 
aqueous ammonia (45 c.c. of d 0-88 together with 30 c.c. of water) and vigorously shaken. The 
white precipitate was collected after $ hour (6-3 g., m. p. 159—160°) and twice recrystallised 
from alcohol—benzene; m. p. 162—163° (Found: N, 11-6. C,;H,,;0,N requires N, 11-4%). 

y-Phthalimido-a-methylbutyronitrile (V).—The amide (6 g.) was refluxed with thionyl chloride 
(12 g.) for } hour, and the product distilled as a thick oil, b. p. 200—205°/1 mm. (yield, 5-65 g.). 
The substance quickly solidified and after two recrystallisations from alcohol it melted at 102° 
(Found: N, 12-3. C,,;H,,0,N, requires N, 12-3%). 

y-Phthalimido-a-methylbutaldehyde (IV).—Hydrogen chloride was led into a suspension of 
anhydrous stannous chloride in absolute ether (50 c.c.) until layering occurred; phthalimido- 
methylbutyronitrile (2 g., m. p. 101—102°), dissolved in chloroform (5 c.c.), was then added with 
shaking and the mixture kept for 12 hours at room temperature. The liquid was then refluxed 
for 4 hours (separation of crystals), cooled, and again saturated with hydrogen chloride. The 
aldimine stannichloride (2-9 g.) was collected and hydrolysed by contact with water (10 c.c.) and 
hydrochloric acid (2 c.c., d 1-16) for 3 hours at room temperature. The aldehyde (1-1 g.) was 
isolated by means of ether as a clear, nearly colourless, viscous oil. 

The 2: 4-dinitrophenylhydrazone, prepared in hot methyl-alcoholic acetic acid solution, — 
crystallised from acetic acid in small yellow needles, m. p. 191° (Found: N, 17-2. C,,H,,0,N; 
requires N, 17-0%). 

5-Ethoxy-3-methyl-3-(8-phthalimidoethyl)indolenine (II).—A mixture of crude y-phthalimido- 
a-methylbutaldehyde (0-7 g.), p-ethoxyphenylhydrazine (0-46 g.) (Stolz, Ber., 1892, 25, 1663), 
and alcohol (20 c.c.) was intensely yellow, but became almost colourless after $ hour’s refluxing. 
The solution was cooled in a mixture of ice and salt, and saturated alcoholic hydrogen chloride 
(5 c.c.) gradually added. After 8 hours the filtrate from ammonium chloride was concentrated, 
and the base liberated and isolated by means of ether (yield, 0-8 g.). The picrate, prepared in 
hot alcoholic solution, had m. p. 154—155° and crystallised from alcohol in orange-yellow 
clusters of needles, m. p. 156—157°, and at the same temperature when mixed with the specimen 
obtained as described in Part II (/oc. cit., p. 312). The methosulphate crystallised from alcohol— 
ether in stellate clusters of colourless needles, m. p. 153—154°, as stated by Robinson and 
Suginome (loc. cit.). 

The hydrolysis of this methosulphate followed precisely the previous description and the 
dil-noreserethole was converted into the picrate, which crystallised from alcohol in reddish- 
orange prisms, m. p. 180—181°, alone or mixed with the specimen described in Part II (loc. cit.). 

The 5-methoxy-series has been prepared. The methods are the same throughout and 
y-phthalimidoethyl-«-methylbutaldehyde (0-7 g.) with p-methoxyphenylhydrazine (0-42 g.) 
gave crude indolenine (0-85 g.); picrate, m. p. 157—159°; methosulphate, m. p. 168—169°, 
from alcohol-ether. 7 


Gratitude is expressed for the award of a Ramsay Memorial Fellowship (Italian) to one of us, 
Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 5th, 1933.) 





350. Condensation Products of Dicyclic Ketones. 
By R. S. THAKUR. = 


Monocyc tic ketones give each a self-condensation product of only one type; ¢.g., cyclo- 
hexanone yields only the Aé-ketone, 2-cyclohexenylcyclohexanone (I), and cyclopentanone 
yields only the A*-ketone, 2-cyclopentylidenecyclopentanone (II) (Wallach, Ber., 1896, 
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29, 2963; Annalen, 1911, 381, 95; Kon and Nutland, J., 1926, 3101). It is now shown 
that dicyclic ketones also behave in the same way on self-condensation; ¢.g., /rans-8- 
decalone gives only a Af-ketone (as I), and /vans-hexahydro-2-hydrindone yields only the 
A*-ketone (III). 


H, CH, 
CO CH, CO H i (b) 
A ra Fs delat ie, te ag 
—¢ (<f \ ANZ. ANa 
CH = CH, H,C H, CH, OC , \™ |r? 
x ff \ (2) ee th it 
(I.) (IT.) (I11.) CH, Hy, 


The possibility of stereoisomerism in the compound (III) is not clear at first. Com- 
pounds of the type (IV) should exist in one form only (racemic), like the ¢vans-hexahydro- 
2-hydrindol of Hiickel and Friedrich (Annalen, 1926, 451, 132), since no new centre of 
asymmetry is created at C, by the attachment of ‘CR,R,. This is the case, no geometrical 


CR,R, H, CH, CH, H, 


As C Nise /NES 
; WY Sc: "CR,R, rs, Hy . @ “= Fad 
WKY 4, CO HN NG ot ie 
4 3 H, H, CH, H, 
(IV.) (V.) (VL) 


isomerism having been observed in the «-methyl-/vans-hexahydrohydrindylidene- and 
trans-hexahydrohydrindylidene-2-acetic acids (Kandiah, J., 1931, 933; Thakur, J., 1932, 
2153, 2162). Hence, although the ring (0) in (III) is unsymmetrical about C, (thus cor- 
responding to R,R,), the compound (III) should exist in one form only. Again, in com- 
pounds of the type (V), two forms are possible only if R, and R, are different or form an 
unsymmetrical ring. If they are similar or are replaced by a symmetrical ring [as by (a) 
in III], only one form should exist. 

On the other hand, since ‘rans-hexahydro-2-hydrindone is a racemic compound, the 
following combinations are possible on condensation: /,),, dady; lady, daly. These two 
pairs will give two racemic compounds (compare Hiickel, Danneel, Gross, and Naab, 
Annalen, 1933, 502, 107). The only evidence for the existence of these two isomerides 
is the indefinite melting point of the condensation product (C,,H,,O). With the possible 
exception of the semicarbazone, all the other derivatives of (III) are more or less homo- 
geneous. It is highly probable, too, that the isomerism of the semicarbazone is geometrical 
and not structural (compare Forster and Zimmerli, J., 1910, 97, 2156; Wilson and Heilbron, 
J., 1912, 101, 1482; Wilson and Macaulay, J., 1924, 125, 841). 

In the presence of sodium ethoxide, the rate of self-condensation of ‘vans-hexahydro-2- 
hydrindone seems to be much greater than that of cyclopentanone. No higher condens- 
ation products, such as C,;H9O, are formed from three or more molecules of cyclopentanone. 
The condensation of ¢vans-hexahydro-2-hydrindone in the presence of dry hydrogen 
chloride gives a very small quantity of (III) and a hydrocarbon (CyH,,)n (probably » = 3). 

In an attempt to convert cis-«-decalone into the ¢vans-form, or vice versa, by heating 
with methyl-alcoholic sodium methoxide, Hiickel and Brinkmann obtained a product 
which they named “ bisdecalon’”’ (Annalen, 1925, 441, 34) and regarded as the primary 
addition product of two decalone molecules. In the present investigation, in which dry 
sodium ethoxide was used, no unchanged /rans-6-decalone was left after one day (compare 
cyclohexanone, of which the condensation is incomplete even after a long time; Wallach, 
loc. cit.), trans-8-decalol was obtained in 25—28% yield, and no identifiable condensation 
product was isolated. Analysis showed that the rosin-like mass obtained was not the 
condensation product formed from three molecules of the ketone, like the one formed 
from three molecules of cyclohexanone (Wallach, loc. cit.). The fact that alcoholic sodium 
ethoxide converts A? “* )-tvans-octahydronaphthyl-trans-@-decalone into a viscous mass 
may account for the failure to obtain this compound in the above condensation. 
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The condensation of ¢rans-6-decalone in the presence of dry hydrogen chloride proceeded 
rapidly and completely and two chloro-compounds, Cy9H3,OCl, were isolated. From 
these, by the elimination of hydrogen chloride, a ketone, Cy9Hs90, was obtained. 

The ketone CypHy 0 (J., 1932, 2128), m. p. 125—126°, gave only ¢rans-cyclohexane- 
1 : 2-diacetic acid as the final product of oxidation and therefore is probably the A?-com- 
pound (VI). 





EXPERIMENTAL. 


Condensation of trans-Hexahydro-2-hydrindone.—(i) In presence of dry hydrogen chloride. 
The ketone (46 g.), cooled in ice, was saturated with the dry gas. After remaining at room tem- 
perature for 8 weeks, the product was poured into water, neutralised with sodium carbonate, 
and extracted with ether, and the residue steam-distilled to remove trans-hexahydro-2-hydrind- 
one. The final reddish-brown viscous mass (1-6 g.) gave the oxime of tvans-hexahydrohydrindyl- 
idene-2-tvans-hexahydrohydrindone (III), m. p. 206—208° (J., 1932, 2152; m. p. 211—212°). 
From the unchanged substance, light petroleum (b. p. 40—60°) extracted a hydrocarbon, which 
crystallised from methyl alcohol in long thin needles, m. p. 116—118° [Found: C, 90-3; H, 
9-8. (CyHy.), requires C, 90-0; H, 10-0%]. 

(ii) Im presence of sodium ethoxide. From a mixture of the ketone (14 g.) and dry sodium 
ethoxide (from 2-3 g. of sodium), after a few hours, no unchanged ketone was recovered on 
steam-distillation. The residue (13-5 g.) gave a crystalline oxime, m. p. 206—208°. 

In another experiment, the residue, crystallised from methyl alcohol, gave a first crop, 
m. p. 100—105°, and 109—110° after recrystallisation. 

Derivatives of trans-Hexahydrohydrindylidene-2-trans-hexahydrohydrindone (II1).—The ketone 
(m. p. 100—105°) was converted by Allen’s method (J. Amer. Chem. Soc., 1930, 52, 2955) into 
the 2 : 4-dinitrophenylhydrazone, a deep orange solid, m. p. 248° (decomp.) after crystallisation 
from chloroform-ethyl acetate (Found: C, 65-4; H, 6-9. C,,H390,N, requires C, 65-7; 
H, 6-9%). 

The phenylhydrazone was a colourless crystalline solid, m. p. 193—194° (decomp.) in the crude 
state and after crystallisation from ethyl acetate—alcohol (Found: C, 82-3; H, 9-0. C,,H;.N, 
requires C, 82-7; H, 9-3%). 

The p-nitrophenvihydrazone was obtained as brick-red needles, m. p. 267° (decomp.) after 
darkening (Found: C, 73-2; H, 7-75. C.ygH3,O,N, requires C, 73-2; H, 8-0%). 

The semicarbazone, formed by refluxing the ketone (m. p. 100—105°) and semicarbazide 
acetate in alcohol for 1 hour, separated at room temperature in colourless crystals. The m. p. 
varied in different preparations, 180°, 185—-187°, 200—210° after sintering from 180°. The 
semicarbazone of m. p. 180° remained unchanged for several months, but after it had been 
kept in the steam-oven for a short time or boiled with light petroleum, the m. p. rose to 225— 
226° (decomp.). The crude semicarbazone crystallised from alcohol in needles, m. p. 234— 
235° (decomp.); crystals melting between 225° and 235° were often obtained (Found : C, 72-1; 
H, 9-25. Cy gH,,ON, requires C, 72:3; H, 9:3%). Kandiah (J., 1931, 945) gives m. p. 140° 
(his analytical figures are calculated from a wrong formula C,,H,,ON;). 

The semicarbazone (m. p. 180°) was crystallised from benzene—petroleum. A few of the 
crystals were removed and found to have m. p. 182—183° (this observation could not be repeated 
in subsequent crystallisations, the semicarbazone, m. p. 225—235°, being always obtained) ; 
after 2 days, the whole mass was filtered off—it melted at 225—-226°. The crude semicarbazone, 
therefore, consists mainly of the lower-melting form, which is converted into the higher-melting 
form on crystallisation or on warming. 

Oxidation. The ketone (III) (m. p. 110—112°) in chloroform was treated with ozonised 
oxygen at 0°, the ozonide freed from the solvent and decomposed, and the product steam- 
distilled. The earlier portion of the distillate contained trvans-hexahydro-2-hydrindone (semi- 
carbazone, m. p. and mixed m. p. 245°); a colourless crystalline solid, filtered off from the later 
portion and washed with cold methyl alcohol, had m. p. 190° (decomp.), and mixed m. p. with 
authentic ¢vans-hexahydro-2-hydrindone peroxide (J., 1932, 2166) 191—192°. From the residue 
in the distillation flask, hot water extracted tvans-hexahydrohomophthalic acid, m. p. 160— 
161°. 

Condensation of trans-8-Decalone.—(i) In presence of dry hydrogen chloride. The dry gas 
was passed through the ketone, cooled in ice, for an hour. The viscous product solidified on 
long standing or when seeded with the chloro-compound (below). Fractional crystallisation 
from petroleum (b. p. 60—80°) separated a less soluble chloro-compound, short prisms, m. p, 
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130—131° (Found: C, 74-7; H, 9-6. C,9H;,OCl requires C, 74-4; H, 9-7%), from a more 
soluble isomeride, radiating spear-like needles, m. p. 118—119° (Found: C, 74-1; H, 9-65%). 
A mixture of the two melted at 109—112° (decomp.) after sintering. 

Elimination of hydrogen chloride from the chloro-compounds. (a) The crude condensation 
product (5 g.) obtained above was refluxed with pyridine for 14 hours. The product (b. p. 
230°/9 mm.) gave a semicarbazone which separated from benzene in rhombic crystals, m. p 
207° (Found : C, 73-7; H, 9-7; N, 12-1. (C,,H;,ON; requires C, 73-4; H, 9-7; N, 12-25%). 

(6) The less soluble chloro-compound on distillation gave a colourless viscous solid, b. p. 
228—230°/7 mm., which crystallised from petroleum in radiating needles and aggregates of 
prisms (Found: C, 83-7; H, 10-5. Cy9H39O requires C, 83-8; H, 10-6%). 

(ii) In presence of sodium ethoxide. (a) trans-B-Decalone (38 g.) was treated with dry 
sodium ethoxide (from 5-8 g. of sodium) at room temperature. From the product, after 8 days, 
trans-B-decalol (b. p. 110—112°/2 mm., m. p. 75°; 10-2 g.) was isolated. The residue, when 
kept under diminished pressure, frothed considerably and finally solidified (Found: C, 80-3; 
H, 10-3. ‘‘ Bisdecalone,’’ C,,H;,0,, requires C, 79-0; H, 10-6%. Cy 9H 3,0 requires C, 83-8; 
H, 106%. Cj 9H,,O requires C, 85-7; H, 10-5%). 

(b) In a similar experiment, after removal of tvans-§-decalol (10 g. from 38 g. of the ketone), 
the residue was distilled up to 210°/l1 mm. The distillate was a viscous oil (Found : C, 80-7; 
H, 10-25%). The undistilled residue solidified. 

(c) An insufficiency of sodium ethoxide was used (from 0-5 g. instead of 3 g. of sodium, the 
theoretical amount for 19 g. of the ketone). After 8 days, unchanged trans-B-decalone (10 g.) 
and the condensation product (?) (8 g.) were obtained. 

The rosin-like solid obtained in the above condensations could not be crystallised and gave 
no semicarbazone. With hydroxylamine hydrochloride and alcoholic sodium acetate solution, 
a compound, m. p. 255—256° (decomp.), insoluble in almost all solvents, was obtained in very 
poor yield (Found: C, 73-4; H, 10-1; N, 7-6%). 

A? r )_trans-Octahydronaphthyl-2-trans-8-decalone—The unhydrolysed residue obtained in 
the condensation of tvans-8-decalone with ethyl bromoacetate or ethyl «-bromopropionate and 
zinc (J., 1932, 2128, 2142) has been again examined. By crystallisation from petroleum or 
methyl alcohol, in addition to the ketone of m. p. 125—126°, fractions melting over a wide 
range, 85—120°, were obtained, and ultimately a product, m. p. 75—80° (mixed m. p. with 
trans-B-decalol, 60°). 

The semicarbazone of the higher-melting ketone had m. p. 212° (decomp.) after crystallisation 
from benzene; that of the lower-melting ketone (m. p. 75—85°) melted at 224—225° (decomp.). 

The same phenylhydrazone, m. p. 153—154°, was obtained from both ketones (Found: C, 
83-0; H, 9-6. Cy .H3,N, requires C, 82-9; H, 9-65%). 

The 2 : 4-dinitrophenylhydrazone of the ketone of m. p. 125—126° was an orange solid, m. p. 
173—174°, and 175—176° after crystallisation from ethyl acetate (orange-yellow micro-crystals) 
(Found: C, 66-9; H, 7-3. C,,H,,O,N, requires C, 66-9; H, 7:35%). 

From a ketonic fraction of m. p. 83—120°, a crude 2: 4-dinitrophenylhydrazone was ob- 
tained, m. p. 146—147°. Crystallised from ethyl acetate—alcohol, this gave lemon-yellow 
crystals, m. p. 194—195° (decomp.) (Found: C, 66-9; H, 7:3%), which, however, did not 
depress the m. p. (175—176°) of the compound mentioned above. 

The p-nitrophenylhydrazone of the ketone of m. p. 125—126° formed yellow needles, m. p. 
208° (decomp.) (Found: C, 73-8; H, 8-2. C,,H;,;0,N,; requires C, 74-1; H, 8-4%). That 
of the ketone of m. p. 80—90° gave a first crop, m. p. 205° (decomp.) after sintering, which did 
not depress the m. p. of the preceding compound. A second crop had m. p. 191—193° after 
sintering. 

Oxidation of A? )-trans-Octahydronaphthyl-2-trans-8-decalone.—The ozonisation was carried 
out and the product worked up as described on p. 1479. The aqueous distillate gave no trans-8- 
decalone. The residue in the steam distillation flask was extracted with hot water. The 
filtered extract on concentration gave three crops, m. p. 156—160°, 146—153°, and 146— 
153°. On recrystallisation, trans-cyclohexane-1 : 2-diacetic acid (m. p. and mixed m. p. 164— 
166°) was obtained from the first crop. Dianilide, m. p. 285° (Hiickel and Friederich, /oc. cit., 
give m. p. 283°). The lower-melting acid, on conversion into the dianilide, gave that of trans- 
cyclohexane-1 : 2-diacetic acid only (m. p. 280°); no indication of the presence of the dianilide 
of 1-carboxy-ivans-cyclohexane-2-propionic acid was obtained. 

The oxidation product which did not dissolve in hot water yielded more trans-cyclohexane- 
1 : 2-diacetic acid after further ozonisation. The still unchanged viscous residue was oxidised 
with hot nitric acid, giving more of the above acid (dianilide, m. p. 285°). 
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351. The Synthesis of Some Cyclic 4*-Unsaturated Ketones. 
By R. S. THAKuR. 


THE absence of any noticeable difference in the mobilities of cyclopentylidene- and «-methyl- 
cyclopentylidene-acetone (both being greater than 3000; Kon, J., 1930, 1616; Kon and 
Thakur, zbid., p. 2219) and the failure to synthesise «-methylcyclohexylideneacetone made 
it difficult to ascertain the effect of the «-methyl group in cyclic ketones of the type 
(CHg)n > C°CHR (R = COMe). That it invariably diminishes the mobility considerably 
in other compounds, e.g., acids, esters, and nitriles (R = CO,H, CO,Et, CN), has been 
observed before (Kon and Thakur, Joc. cit.; Kon, Linstead, and Maclennan, J., 1932, 
2454; Thakur, J., 1932, 2139, 2157). The effect of the 2-methyl group in 2-methy]l- 
cyclohexylideneacetone on its mobility was also uncertain, as all attempts to prepare it 
gave the A’-isomeride (Kon and Thakur, Joc. cit.). 

Although the acids, such as «-methylcyclohexylidene- and 2-methylcyclohexylidene- 
acetic and A?-octahydronaphthalene-2-«-propionic, are much less mobile than the corre- 
sponding unsubstituted acids, their acid chlorides seem to change readily into the A®-iso- 
merides on distillation during their preparation (compare Kon and Johnson, J., 1926, 
2748; Thakur, J., 1932, 2141). The failure to obtain the A*-ketones has been found to 
be partly due to this isomeric change. Using further precautions, it has now been possible 
to prepare «-methyl- and 2-methyl-cyclohexylideneacetone and «-methyl-trans-decahydro- 
naphthylidene-2-acetone from the respective A*-acid chlorides by the Grignard or the 
Blaise—Maire reaction. The A*-structure of these compounds is clear from their physical 
properties, low iodine addition, and their yielding the respective cyclic ketones on 
oxidation. 

The mobilities and positions of equilibrium of «-methyl- and 2-methyl-cyclohexylidene- 
acetone have been determined under Kon and Linstead’s standard conditions (J., 1929, 
1269). The results are given below, those for the unsubstituted ketones being included 
for comparison. See also Table II (J., 1930, 2219). 


% A®- at Mobility, 
Ketone (A?-form). equilibrium. (Ay +.) x 10*. 
H—CH . 
CH, CH, CH OCH COMe 23* 700 
wage. ag ca. 5 4—6 
CH CH —cHM2>C:CH-COMe ca. 10 160 
trans-B-CgH,,>C:CH-COMe 35t 800 
tvans-B-CgH,,>C:CMe-COMe ca. 5 very low 
* Kon and Linstead, Joc. cit. { Thakur, J., 1932, 2127. 


From these results it is evident that the «-methyl group considerably retards the 
mobility of the cyclohexane and the dvans-$-decalin compounds. In this respect, the 
corresponding cyclopentane ketones offer a contrast, although the retarding effect has been 
observed in the acids, esters and nitriles of this series in common with other ring structures. 
The equilibrium, however, is shifted towards the A-side irrespective of the nature of the 
ring. This cannot be regarded as a general rule, considering the anomalous effect observed 
in the study of the unsaturated esters (Thakur, J., 1932, 2160; Kon, Linstead, and 
Maclennan, Joc. cit.). 

Similarly, diminution in the mobility and shifting of the equilibrium towards the 
A-side follow from the introduction of a 2-methyl group in the cyclohexane ring. The 
order in which the mobility of the ketones (methyl substitution in the ring) seems to 
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diminish is the same as that in the corresponding acids, viz. 4>3>2 (see Table I; J., 1930, 
2218). From this orderly decrease it would appear that the more distant is the methyl 
group from the three-carbon system, the less is its effect on it. The general decrease in the 
mobility caused by the substitution cannot, however, be ascribed to the increased molecular 
weight, since the ¢vans-hexahydrohydrindene compounds have been found to be much more 
mobile than the corresponding cyclopentane compounds. 

The preparation of a few reduction products, derived from the unsaturated «-methyl- 
cyclohexane compounds, was carried out by catalytic hydrogenation with no positive 
evidence for the ‘‘C”’ and “‘ Z”’ forms of the six-membered ring. 


CoHyg>C:CMe-CO,H 
(1.) *~ C5Hyg>CH-CHMeCO,H — C;Hy>C-CHMe-COMe 


C;H,>C-CHMeCO,H ~ (11.) |p Fai (IV.) | 
(II.) 


CH) >CH*CHMe-COMe rt C53H yy >CH*CHMe-CH(OH) Me 
(VI.) . (V.) 


EXPERIMENTAL. 


cycloHexylideneacetyl and a-cycloHexylidenepropionyl Chlorides —The «-cyclohexylidene- 
propionic acid crystallised from »-hexane in long prismatic needles, m. p. 81—82° (Auwers and 
Ellinger, Annalen, 1912, 387, 230, give m. p. 79°). This acid (4 g.) and thionyl chloride (4 c.c.) 
were left together for } hour at room temperature and then heated for } hour on the steam-bath. 
After removal of the thionyl chloride under diminished pressure, the acid chloride was distilled 
(considerable frothing). One half of the distillate was treated immediately, and the other half 
after being left at room temperature for 24 hours, with 25 c.c. of cold 10% aqueous sodium 
carbonate and after some time warmed on the steam-bath to complete the decomposition. The 
acid obtained in each case was freed from neutral matter in the usual way. Both acids (total, 2g.) 
were oily and had the same J (43-9%, corresponding to 45% of A®-acid). The preparation of 
the acid chloride (from 1 g. of the acid in the above manner) and its conversion into the acid 
were repeated. The acid had J = 47-5%, corresponding to 49% of A®-acid. 

cycloHexylideneacetyl chloride was similarly prepared (from 4 g. of the acid and 4 c.c. of 
thionyl chloride) and similarly treated. The acid (total 3-5 g.) obtained from each half of the 
distillate was colourless and crystalline and had J = 1-9%. Hence it may be concluded that 
there was no tautomerism of the acid chloride during the distillation. 

a-Methylcyclohexylideneacetonesemicarbazones.—The ketone was prepared by the action of 
methylzinc iodide on the undistilled «-cyclohexylidenepropionyl chloride (to which a drop of 
formic acid was added to destroy any residual thionyl chloride) by the Blaise—Maire reaction. 
The use of dry toluene or ether as a diluent made little difference to the yield, which varied 
considerably in different experiments. After the reaction product had been worked up, and 
the unchanged acid removed with very dilute aqueous ammonia, the solvent was distilled (the 
toluene under diminished pressure), and the residue treated with semicarbazide acetate. The 
m. p. of the resulting semicarbazone was 180—184°, 155—160°, and 160—163° in different 
preparations. All these, however, depressed the m. p. of the A*-semicarbazone. On 
fractional crystallisation from methyl alcohol, the least soluble semicarbazone separated in elong- 
ated plates, m. p. 192—193° (rapid heating), 187° (slow heating); mixed m. p. with 
A®-semicarbazone 145—154° (Found : C, 63-0; H, 9-1. C,,H ON; requires C, 63-2; H, 9-2%). 

The semicarbazones of m. p. 155—160° and 160—163° gave considerable quantities of the 
higher-melting form (m. p. 191—192°) on crystallisation from methyl alcohol. The residue left 
on evaporation of the solvent from the filtrate was triturated with light petroleum and had an 
indefinite m. p. On repeated crystallisation a semicarbazone, m. p. 155—160°, was obtained 
(Found : C, 63-4; H, 9-3%). It was difficult to isolate this lower-melting form in a pure state. 
That it was derived from the A*-ketone is shown from the physical properties and low iodine 
addition of the regenerated ketone (see below). 

a-Methylcyclohexylideneacetone.—(i) From the semicarbazone, m. p. 191—192°. The regener- 
ation by Kon’s method was extremely slow (J., 1930, 1616), although an excess of N /2-sulphuric 
acid and ether were used. The ketone was therefore regenerated with oxalic acid by steam 
distillation. It had b. p. 97—98°/14 mm., d2” 0-9410, nj?” 1-4877, [Rz]p 46°56 (calc., 45-82), 
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J 44% (5 mins.) and 5-9% (10 mins.). On oxidation in aqueous sodium hydrogen carbonate 
suspension with cold 3% aqueous permanganate, it gave cyclohexanone (characteristic odour ; 
semicarbazone, m. p. and mixed m. p. 164—166°). 

A small quantity of the ketone on catalytic reduction with Adams’s catalyst (see below) 
gave a semicarbazone which separated from petroleum-acetone in glistening crystals, m. p. 
112—125° (see below). 

A small quantity of the At-ketone was treated with semicarbazide acetate and left for a 
few days. The resulting crystalline semicarbazone melted at 155—170° in the crude state, the 
existence of the two isomeric forms thus being shown. 

(ii) From the semicarbazone, m. p. 155—160°. The semicarbazone (3-4 g.) was steam- 
distilled with oxalic acid. The ketone had b. p. 100—101°/16—17 mm., a}? 0-9412, nj” 1-4857, 
[Rz]p 46-38 (calc., 45-82), J 12-9% (5 mins.) and 14-8 (10 mins.). The value of J corresponds to 
the presence of about 7:5% of the A%-ketone. The physical properties clearly indicate the 
presence of a lower-melting A*-semicarbazone. 

The regenerated ketone was reconverted into the semicarbazone. The first crop consisted 
of plates, m. p. 176—188° in the crude state. On recrystallisation from methyl alcohol, the 
semicarbazone, m. p. 191—192° (rapid heating), was obtained. The lower-melting semi- 
carbazone (m. p. 155—165°; m. p. 153—155°) was obtained from subsequent crops. 

a-Methylcyclohexenylacetone.—The regenerated ketone had b. p. 93—94°/14 mm., ay 0-9287, 
n®" 1-4701, [Rz]p 45-71 (calc., 45-82), J 89-1% (5 mins.) and 98% (10 mins.) (Kon, J., 1926, 1796, 
gives d}?* 0-92766, ni} 1-47153, [R;]p 45-88). 

Reference curve. 


Mixture (°(, A®-ketone)......... 100 90 75 50 25 10 0 
De OD ecetysciercsiconcs 4:4 15°9 33°3 60°3 791 85°4 891 


Equilibration. The following experiments were carried out with «-methylcyclohexylidene- 
acetone under Kon and Linstead’s standard conditions (/oc. cit.) :— 


Expt. Time. fe % A*-Ketone. 
1 10 mins. 3°79 100 
2 30 C,, 6°5 98 
3 18 hours 71°5 35 
4 63 —C,, 85°3 10 


In (3), the At-ketone used had J = 6-2% (i.e., about 98-5% of the At-form). In (4), the 
ketone recovered from (1) and (2) was used. 

The semicarbazone, prepared from the fully equilibrated A*-ketone, crystallised from 
alcohol in clusters of small prismatic needles, m. p. 170°. It did not depress the m. p. of the 
A®-semicarbazone, whereas the mixed m. p. with At-semicarbazone (of m. p. 191—193°) was 
148—152°. 

a-cycloHexylpropionic Acid (I11).—«-cycloHexylidenepropionic acid (I) was catalytically 
reduced in rectified spirit solution, 0-2 g. of the platinum catalyst (Adams, ‘‘ Organic Syntheses,” 
VIII, 92) being used. After removal of the catalyst, the solvent was distilled completely under 
reduced pressure. The resulting acid, which did not reduce permanganate solution, was purified 
by treatment with aqueous sodium hydrogen carbonate, though this was hardly necessary; it 
then separated from »-hexane at 0° in colourless granular crystals, m. p. 62°; mixed m. p. with 
«-cyclohexylidenepropionic acid (m. p. 81—82°) 40—45° (Found: C, 69-1; H, 10-2; equiv., 
155-9. C,H,,O, requires C, 69-2; H, 10-3%; equiv., 156-1). 

The hydrogenation of «-cyclohexenylpropionic acid, carried out under exactly similar con- 
ditions, was not complete even after prolonged treatment, since the product decolorised per- 
manganate solution readily. After the unsaturated acid had been oxidised with permanganate, 
a-cyclohexylpropionic acid was obtained from the alkaline solution and purified by steam 
distillation; m. p. 62°. 

The acid chloride was a mobile liquid, b. p. 91—94°/12 mm. The amide formed clusters of 
flat silky needles, m. p. 156—157°, sparingly soluble in hot water (Found: C, 69-4; H, 10-9. 
CyH,,ON requires C, 69-6; H, 11-0%); the anilide had m. p. 135—136° (Found: C, 77:8; 
H, 9-1. C,;H,,ON requires C, 77-9; H, 9-2%); and the p-toluidide, m. p. 155—156° (Found : 
C, 78-3; H, 9-3. C,gH,,ON requires C, 78-3; H, 9-45%). These three solids were crystallised 
from dilute methyl alcohol, benzene—petroleum, or benzene. 

; a-Methyl-x-cyclohexylacetone (V1).—(1) Catalytic reduction of a-methylcyclohexenylacetone. 
The ketone (IV) (3 g.) was hydrogenated in rectified spirit for a long time, as described in the 
case of the A*-acid (I). After removal of most of the solvent, the residue gave a crystalline 
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semicarbazone: first crop, m. p. 84—106°; second crop, obtained on dilution with water, 
m. p. 118—125°. The substance not yielding a semicarbazone and having a strong alcoholic 
odour was removed by extraction and steam distillation from the semicarbazide acetate mixture. 

y-cycloHexyl-sec.-butyl alcohol (V) (1-3 g.) had b. p. 109—110°/15 mm., d" 0-9215, nf” 1-4715, 
[Rz]p 47-4 (calc., 47-55) (Found: C, 76-4; H, 12-6. CHO requires C, 76-7; H, 12-9%). It 
was a colourless, not very mobile liquid with a sweet odour not unlike that of tvans-8-decalol. 

(2) Oxidation of y-cyclohes_l-sec.-butyl alcohol (V). The alcohol was oxidised with Beck- 
mann’s chromic acid mixture. The resulting ketone, isolated by steam distillation, gave a 
crystalline semicarbazone: first crop (1-15 g.), m. p. 88—106°; second crop, m. p. 83—106°, 
clearing at 130°. 

(3) From a-cyclohexylpropionyl chloride and methyl zinc iodide by the Blaise—Maire reaction. 
As in previous cases, the ketonic product gave a crystalline semicarbazone having an indefinite 
melting point; first crop, m. p. 90—110°. On repeated crystallisations, a small quantity of a 
semicarbazone, m. p. 153—157°, was obtained in addition to the one described below (m. p. 
130—131°) (Found: C, 62-6; H, 10-1. C,,H,,ON, requires C, 62-5; H, 10-0%). 

After crystallisation from acetone—petroleum, a semicarbazone, m. p. 127—128°, 130—131° 
after recrystallisation, was isolated from each of the crops mentioned above (Found: C, 62-5; 
H, 9-9%). 

a-Methyl-x-cyclohexylacetone (VI) regenerated from the semicarbazone of m. p. 125—127° 
had b. p. 89—90°/13 mm., d'2” 0-9130, nj} 1-4582, [Rz]p 46-08 (calc., 46-22). It was reconverted 
into the semicarbazone. The first crop was removed after 3 hours (plates, m. p. 110—120° after 
sintering from 80°); the second crop had m. p. 113—118°; the third crop, collected after many 
days, melted at about 148°. After crystallisation from acetone—petroleum the last crop melted 
at 155—156°, mixed m. p. with A*’-semicarbazone 147—150° (Found: C, 62-7; H, 10-0. 
C,,H,,ON; requires C, 62-5; H, 10-0%). 


2-Methylcyclohexane Series. 


2-Methylcyclohexylideneacetone.—The acid chloride formed from 2-methylcyclohexylidene- 
acetic acid (M/9) and thionyl chloride not above 40° was treated in dry ether (80 c.c.) with 
methylmagnesium iodide (M/9 in 50 c.c. of ether). The undistilled ketonic product readily gave 
a crystalline semicarbazone (10-3 g.), m. p. 194°, sparingly soluble in methyl alcohol, from which 
it crystallised in light lustrous plates, m. p. 197°; mixed m. p. with A®-semicarbazone 159— 
164° (Found : C, 63-3; H, 9-2. C,,H,,ON; requires C, 63-1; H, 9-2%). 

In another experiment, the pure A®-semicarbazone (m. p. 167—168°) was obtained instead 
of the pure A*-isomeride by treatment of the ketonic product (obtained above) after distillation, 
with semicarbazide acetate. Hence it is essential to convert the undistilled product into the 
semicarbazone, 

2-Methylcyclohexylideneacetone, regenerated from the pure semicarbazone by Kon’s method 
(loc. cit.), had b. p. 99—101°/12 mm., a2" 0-9399, nj}” 1-4908, [Rz]p 46-86 (calc., 45-82), J 5-7% 
(5 mins.) and 7-0% (10 mins.). Its odour is much less camphoraceous than that of 2-methyl- 
cyclohexenylacetone. On oxidation with permanganate and sodium hydrogen carbonate, it 
gave 2-methylcyclohexanone (semicarbazone, m. p. and mixed m. p. 192—193°; mixed m. p. 
with A*-semicarbazone 165—174°). 

2-Methylcyclohexenylacetone.—The A’-semicarbazone has m. p. 174—175° (rapid heating) 
and 168—169° (slow heating) (Wallach, Amnalen, 1912, 394, 383, gives m. p. 173—174°; 
Kon and Thakur give m. p. 168°). The regenerated ketone had b. p. 102°/15 mm., d?" 0-9361, 
n*" 1-4774, [Rz]p 45-98 (calc., 45-82). 

Reference curve. 
OE MTEIRD  scnaccccsscervens 100 90 75 50 25 10 0 
bg ¥ 2 | * emnenaieR 57 191 371 607 807 893 93° 
Test mixture: 60% At. Found, J] = 50-4%. From the curve, J = 51-3%. 

Equilibrations. The following experiments were done on 2-methylcyclohexylideneacetone 

under Kon and Linstead’s conditions :— 


Expt. Time. JI%- % A%-Ketone. Expt. Time. %. % A®%-Ketone. 
1 10 mins. 25 85 4 2 hours 68°4 41 
2 ” ws 48-2 63°5 5t Se wa 87°5 125 10* 
3 oe « 60°9 50-0 6 (A8-ketone) 42 __,, 90°5 75 8* 


* Values found by the method of mixtures (Kon and Thakur, Joc. cit., p. 2224). 
+ In (5), the ketone recovered from the first four experiments together with some A*-ketone was used. 
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The equilibrated At-ketone had a strongly camphoraceous odour like that of the Af-ketone 
and gave the A’-semicarbazone, m. p. and mixed m. p. 169—170°. All attempts to get the 
' A*-semicarbazone from the equilibrated At- or A®-ketone failed, the A’-semicarbazone, m. p. 
7 170°, always being obtained. 

The value at equilibrium may be taken as ca. 90% of A8-ketone and that of mobility as 
ca. 175 from the first two experiments. The time for half change (i.e., 45% of A®) is about 
47 minutes from the mobility curve. 

a-Methyl-trans-decahydronaphthylidene-2-acetone.—This was prepared exactly as the 2-methyl- 
) cyclohexylideneacetone by the Grignard reaction. The semicarbazone, after crystallisation from 
methyl alcohol, melted at 214—215° (decomp.) instead of 209—210° as previously recorded 
! (J., 1932, 2146). The ketone regenerated from the semicarbazone (a mixture of semicarbazones, 
5 m. p. 205°, 207—208°, 214—215°) had d2” 0-9678, nj” 1-5025, [Rz]p 62-82 (calc., 62-13), and 
1 J 39-7% (10 mins.). The rather high iodine addition indicates the presence of the A®-ketone. 
, The A*-position of the double bond in the ketone was proved by the fact that it gave tvans- 

6-decalone (semicarbazone, m. p. 193°) on oxidation. 
° After treatment with a large excess of 2N-sodium ethoxide for nearly 5 days, the ketone had 
n>" 1-4933 and J 70-2% (10 mins.). It gave a semicarbazone, m. p. 194—195°, and 195—196° 
after crystallisation from methyl alcohol; this depressed the m. p. of the A*- but not that of 
the A®-semicarbazone. 


~ 
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352. a-Methyl-trans-hexahydroindene-2-acetic Acid and the Reduction of 
A*- and A®’-U nsaturated trans-H exahydrohydrindene (2) Compounds. 


By R. S. THAKUR. 


WHEREAS the dehydration of ethyl 2-hydroxy-«-methyl-/rans-hexahydrohydrindene-2- 
acetate with phosphoric oxide invariably produces an inseparable mixture of «-methyl- 
trans-hexahydroindene-2-acetic acid (the A*-acid) and a A*r8)-jsomeride (J., 1932, 
2159), it has now been found that the dehydration with thionyl chloride (Darzens, Compt. 
vend., 1911, 152, 1601) yields the A®-acid unaccompanied by the A? ®)-jsomeride—the 
A*-acid is produced in considerable quantities in both cases. When the A*-ester prepared 
by Darzens’ method and subsequent partial esterification is treated with phosphoric oxide, 
the product obtained does not contain any A®“"®-jsomeride. Therefore the formation 
of the double bond in a position other than the «8 or Sy which takes place during the 
dehydration with phosphoric oxide is not due to the action of this agent on the Af-ester. 
The dehydration of ethyl 1-hydroxycyclopentane- and 1-hydroxy-«-methylcyclopentane-1- 
acetates with phosphoric oxide and with thionyl chloride proceeds normally, the expected 
A*- and Aé-esters being produced and no indication of the formation of a A? "®-jsomeride 
being obtained. 

The pure «-methyl-/vans-hexahydroindene-2-acetic acid now obtained gives pure 
derivatives and forms the same equilibrium mixture (96% of A*-acid) as that already 
obtained from the A*-acid (loc. cit., p. 2163). Similarly, the A%-ester gives the pure A*- 
ester on treatment with alcoholic sodium ethoxide. The structure of the acid has been 
confirmed by oxidation to ‘vans-hexahydrohomophthalic and ¢vans-hexahydrophthalic 





acids : 
H, CH, Je Si H, CH,°CO,H 4H, CO,H 
Hf aS Hy uy _CO“CHMe Hu» Hf u 
C-CHMe -—> 77? a ene 
BAY i H HA Xé CO,H HA Xe HALAS 
io H, tHo H, CO,H , CO,H 


Hiickel and Friedrich have shown that compounds of the type (I) can exist in one 
form (racemic) only (Annalen, 1926, 451, 132). The reduction of some A*- and Aé-un- 
5D 
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saturated hexahydrohydrindene compounds now carried out supports this view, since only 
one compound of the type (I) was obtained in every case. 

x trans-Hexahydrohomophthalic acid can be readily prepared pure 

H> tC I) and in large quantity by the oxidation of évans-hexahydro-2-hydr- 

TH an indone with concentrated nitric acid (compare Windaus, Hiickel, and 

Revery, Ber., 1923, 56, 91; Hiickel and Friedrich, Joc. cit.; Helfer, 

Helv. Chim. Acta, 1926, 9, 814). A lower-melting substance also formed has not been 

investigated. 
EXPERIMENTAL. 


Dehydration of Methyl and Ethyl 2-Hydroxy-a-methyl-trans-hexahydrohydrindene-2-acetate.— 
(i) With phosphoric oxide. The methyl ester, prepared from the silver salt, had b. p. 155— 
156°/14 mm., d?* 1-0391, n}* 1-4765, [Rz]p 61-45 (calc., 61-13). On dehydration it gave an 
ester (yield, 76%), b. p. 144—154°/16 mm., J 49-6% (10 mins.), which on equilibration with 
alcoholic sodium ethoxide gave a product, b. p. 161°/15 mm., n}* 1-4026, and J 16-2%. 

The dehydration of the ethyl ester was carried out as before (Joc. cit., p. 2162). The un- 
saturated ester was hydrolysed without prior distillation and the resulting acid was separated 
from «a-methyl-ivans-hexahydrohydrindylidene-2-acetic acid by means of light petroleum, 
recovered from the extract, and partly esterified. The A*(?)-ester obtained had b. p. 140°/12 
mm. and J 85% (10 mins.). After equilibration, it had b. p. 157°/14 mm. and J 20-1%, the 
presence of the isomeric ester thus being shown. 

(ii) With thionyl chloride. The dehydration product from 86 g. of the hydroxy-ester (/oc. 
cit., p. 2162) was fractionally distilled: (i) b. p. 147—163°/21 mm.; (ii) b. p. 168—172°/21 
mm, (28 g.). The hydrolysis of the first fraction was incompletely carried out with 8 g. of 
sodium hydroxide in 300 c.c. of water in a shaking machine, alcohol not being used in order to 
avoid the conversion of the A*-ester into the A*-isomeride. The acid obtained, which was 
practically free from the A*-acid, was treated with cold aqueous sodium hydrogen carbonate 
(compare Wechsler, Monatsh., 1893, 14, 462; Eccott and Linstead, J., 1929, 2154), and the 
unreacted acid removed by extraction with ether. The acid (20 g.) recovered from the alkaline 
layer was partly esterified for 15 hours at room temperature and gave ethyl a-methyl-trans- 
hexahydroindene-2-acetate, b. p. 150—151°/22 mm. d2* 0-9747, n?® 11-4732, [Rz]p 63-97 
(calc., 63-81), J 83-8% (10 mins.) (Found: C, 75-2; H, 9-9. C,,H,,O, requires C, 75-6; H, 
10-0%). 

Treatment of the A®-Ester with Phosphoric Oxide.—The above ester (2-5 g.) was treated with 
phosphoric oxide (1-5 g.) in dry benzene (25 c.c.) for 16 hours at room temperature and for 1 
hour on the steam-bath. The product was worked up as in the dehydration experiments. 
The ester obtained was, without prior distillation, treated with N-sodium ethoxide for a few 
hours, The recovered ester (1-7 g.) had b. p. 170—171°/21 mm., d?® 1-0016, nj?" 1-4955, and 
J 3-7% [compare these values with those similarly obtained in (i)]. 

Hydrolysis of the A®-Estey.—The ester (12 g.) was shaken with sodium hydroxide (7 g.) in 
310 c.c. of water and a little methyl alcohol. The acid obtained, m. p. 68—72°, was distilled, 
b. p. 143—146°/1 mm. The distillate solidified only after seeding and cooling in ice; on crystal- 
lisation from dilute alcohol it gave a-methyl-ivans-hexahydroindene-2-acetic acid in thick 
plates, J 98-4% (10 mins.), m. p. 80—81° after sintering (Found: C, 74-1; H, 9-15; equiv., 
193-8. Calc. for C,,H,,0O,: C, 74-2; H, 9-3%; equiv., 194-2), and mixed m. p. 56—66° with 
the A$ (°F 8)-acid. 

The amide, CsH,;>C*CHMe’CO-NH,, prepared from the undistilled A®-acid chloride and 
ammonia, melted at 131—132° as prepared and also after crystallisation from benzene, in very 
small needles (Found: C, 74-2; H, 9-9. C,,H,,ON requires C, 74-6; H, 9-8%). 

Oxidation of the A®-Acid—The pure acid was oxidised in cold aqueous sodium hydrogen 
carbonate with 3% aqueous permanganate. After extraction with ether, the alkaline solution 
gave a viscous acid which did not solidify. This was oxidised with hot dilute nitric acid, yield- 
ing a crystalline product which on recrystallisation from water gave ‘vans-hexahydrophthalic 
acid, m. p. 226—227° (Kon and Khuda, J., 1926, 3073, give m. p. 222°), trans-hexahydrohomo- 
phthalic acid, m. p. and mixed m. p. 161—162°, and oxalic acid, m. p. and mixed m. p. 102— 
103°. 

Catalytic Hydrogenation of the A®-Acid.—The pure acid was hydrogenated in the manner 
described for the A*-acid (p. 1487), and the product treated with cold dilute alkaline per- 
manganate to remove any unsaturated acid. «-Methyl-tvans-hexahydrohydrindeneacetic acid 
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crystallised from dilute methyl alcohol in needles and gave an amide, m. p. and mixed m. p. 
(with authentic specimens; see below) 99—101° and 195—196° respectively. 

Equilibrations.—The A®-acid, when heated (two experiments) with an excess of 25% aqueous 
potash in copper flasks for 3 and for 4 days, gave products having J 6-2 and 5-7% respectively— 
values which agree closely with those obtained for the equilibration product of «-methyl-ivans- 
hexahydrohydrindylidene-2-acetic acid (/oc. cit., p. 2163, Table II, experiments 10—12). On 
crystallisation from benzene, the equilibrated A®-acid gave the At-acid, m. p. and mixed m. p. 
196—197°. 

The Isomeric Impurity, CgH,;>C*CHMe*CO,H.—This acid was obtained by the method 
already described (/oc. cit:, p. 2164); after crystallisation from dilute alcohol it melted at 81— 
83°. The high m. p. 89—90° of the previous specimen is due to the presence of a-methyl-irans- 
hexahydrohydrindylidene-2-acetic acid. 

a-Methyl-trans-hexahydrohydrindene -2-acetic Acid.—a«-Methyl-trans -hexahydrohydrindy]l - 
idene-2-acetic acid in rectified spirit was readily and completely reduced by hydrogen in presence 
of Adams’s catalyst (0-2 g.). a-Methyl-trans-hexahydrohydrindene-2-acetic acid crystallised 
from petroleum (b. p. 60—80°) or dilute alcohol in needles, m. p. 104—105° (Found: C, 73-3; 
H, 10-4; equiv., 196-0. C,,H,,O, requires C, 73-4; H, 10-3%; equiv., 196-2). The acid 
chloride was a colourless liquid, b. p. 150°/23 mm. The amide, m. p. 196° (Found: C, 73-6; 
H, 10-7. C,,H,,ON requires C, 73-8; H, 10-85%), and the anilide, thin needles, m. p. 176— 
177° (Found: C, 79-35; H, 9-15. C,,H,,ON requires C, 79-65; H, 9-3%), were crystallised 
from benzene. 

The same acid, m. p. 104—105°, was also obtained by the catalytic reduction of «-methyl- 
trans-hexahydroindeneacetic acid or ethyl a-methyl-tvans-hexahydrohydrindylidene-2-acetate, 
by the reduction of the A*-acid with sodium and amyl alcohol or with sodium amalgam and 
aqueous sodium carbonate, and by shaking a-methyl-irans-hexahydrohydrindyl-2-acetone 
(see below) with aqueous sodium hypobromite, but all these methods were unsatisfactory. 

a-Methyl-trans-hexahydrohydrindyl-2-acetone.—«- Methy] - ivans - hexahydrohydrindylidene - 2 - 
acetone (loc. cit., p. 2165) in rectified spirit was readily hydrogenated in presence of Adams’s 
catalyst (0-2 g.). The product (b. p. 140—142°/14 mm.) gavea semicarbazone, which crystallised 
from methyl alcohol in flat needles or elongated plates, m. p. 179—180° (Found: C, 66-8; H, 
10-1. Calc. for C,,H,,ON,: C, 66-9; H, 10-0%), identical with the semicarbazone described 
before (loc. cit., p. 2166). «-Methyl-tvans-hexahydrohydrindyl-2-acetone, regenerated from the 
semicarbazone by dilute sulphuric acid, had b. p. 149°/23 mm., d2%* 0-9406, n?* 1-4761, 
[Ry]p 58-24 (calc., 57-92), and formed an oxime which crystallised from dilute methyl alcohol 
in colourless needles, m. p. 85—86° after shrinking (Found: C, 74:3; H, 10-9. C,;H,,ON 
requires C, 74-65; H, 11-0%). 

trans-Hexahydrohydrindene-2-acetic Acid.—trans-Hexahydrohydrindylidene-2-acetic acid 
(loc. cit., p. 2153) was catalytically reduced. The product, which did not decolorise alkaline 
permanganate, crystallised from light petroleum (b. p. 60—80°) in rhombic plates, m. p. 102— 
103° after sintering (Found: C, 72-3; H, 9-8; equiv., 181-8. Calc. for C,,H,,0,: C, 72-5; 
H, 9-9% ; equiv., 182-1). Kandiah (J., 1931, 938) gives m. p. 120°. The amide crystallised from 
benzene in needles, m. p. 180° after shrinking (Found: C, 72-6; H, 10-3. C,,H,,ON requires 
C, 72-9; H, 105%). The anilide crystallised from benzene or benzene—petroleum in needles, 
m. p. 132° (Kandiah, Joc. cit., gives m. p. 135°). 

The same acid, m. p. 102—103°, was obtained: (i) by the catalytic reduction of trans- 
hexahydroindene-2-acetic acid, m. p. 65—66° (Joc. cit., p. 2154); (ii) by the oxidation of trans- 
hexahydrohydrindene-2-acetone (see below) with aqueous sodium hypobromite, which proceeded 
readily, giving a good yield. 

trans-Hexahydrohydrindyl-2-acetone.—The addition of hydrogen to tvans-hexahydrohydrindyl- 
idene-2-acetone (loc. cit., p. 2156) was carried out as in previous cases. The product (b. p. 
130—134°/16 mm.) gave a semicarbazone, m. p. 202°, which crystallised from methyl alcohol 
in clusters of prismatic rods, m. p. 202—203° (decomp.), mixed m. p. with the semicarbazone 
of the At-ketone 195° after shrinking (Found: C, 65-8; H, 9-6. C,,;H,,ON requires C, 65-8; 
H, 9-7%). The ketone regenerated from it had b. p. 141°/25 mm., d2?" 0-9396, nj?* 1-4719, 
[Rz]p 53-68 (calc., 52-72). The oxime crystallised from dilute alcohol in flat needles, m. p. 
68—70° (slow heating) after sintering (Found: C, 73-8; H, 10-8. C,,;H,,ON requires C, 73-9; 
H, 10-8%). 

Oxidation of trans-Hexahydro-2-hydrindone.—The ketone (semicarbazone, m. p. 245°) was 
added in portions to boiling nitric acid (d 1-42), and the mixture heated for a short time on the 
steam-bath and then kept at room temperature. tvans-Hexahydrohomophthalic acid, which 
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crystallised, was washed with a little ice-cold water and light petroleum; m. p 156—157°, and 
160—162° after recrystallisation from water. The nitric acid mother-liquor deposited more 
of the acid. The filtrate (nitric acid) was concentrated on the steam-bath, kept for a few days, 
and then transferred to a porous plate. The solid residue was crystallised from water: first 
crop, m, p. 132—134°, clearing at 144°; second crop, m. p. 134°, clearing at 147° (cis-hexa- 
hydrohomophthalic acid melts at 147°; Windaus, Hiickel, and Reverey, /oc. cit.). 
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353. The Interactions of Chloro-substituted Aldehydes with Chloro- 
substituted Arylhydrazines. 


By F. D. CHatTrAway and ALLAN ADAIR. 





THE interactions of chloral and of butyl chloral with 2 : 5-dichloro- and 2 : 4 : 5-trichloro- 
phenylhydrazine hydrochlorides, although in the main following the course taken with 
2: 4-dichloro- and 2: 4: 6-trichloro-phenylhydrazines (Chattaway and Irving, J., 1930, 
89; 1931, 751; J. Amer. Chem. Soc., 1932, 54, 263), show some points of considerable 
interest. 

When 2: 5-dichlorophenylhydrazine hydrochloride and butyl chloral hydrate interact 
in alcoholic solution at the ordinary temperature (or in hot aqueous solution), simple 
condensation first occurs, but the pale yellow hydrazone formed loses hydrogen chloride 
rapidly and a crimson azo-butylene is produced, which can be isolated if suitable pre- 
cautions are observed. The separation of hydrogen chloride is reversible, loss of the 
crimson colour, and re-formation of the initial pale yellow hydrazone, occurring immediately 
if dry hydrogen chloride is led into a dry solution of the azo-butylene in benzene. 

If the reaction is carried out in boiling alcohol, the final product is $-chloro-a«-keto- 
butaldehyde-2 : 5-dichlorophenylhydrazone. The crimson colour disappears as_ the 
equilibrium is disturbed and the re-formed hydrazone is hydrolysed. 


C,H,Cl,,NH-NH, + CHO-CCl,-CHMeCl 


’ 


CyH,Cly-NIN-CH + HCl == C,H,ClyNH‘NICH = gio = CgHClysNH-N:CH 


(Cl, H,0" ¢o 
CHMeCl1 CHMeCl CHMeCl 
(crimson) (yellow, unstable) 


If a solution of the crimson 2 : 5-dichlorobenzeneazo-By-dichloro-A*-butylene in benzene, 
or alcohol, free from hydrogen chloride, is heated for some time, the colour fades and a 
pale yellow isomeride, «f-dichlorocrotonaldehyde-2 : 5-dichlorophenylhydrazone, 

C,H,Cl,"-NH*N:CH-CCI:CMeCl, 
m. p. 90°, is produced. A second form of this isomeride, m. p. 116°, slowly separates 
when 2 : 5-dichlorophenylhydrazine hydrochloride and butyl chloral hydrate interact in 
acetic acid solution at the ordinary temperature. 

These isomerides yield monoacetyl derivatives, which melt respectively at 150° and 139° 
and are undoubtedly cis-tvans forms, since each combines directly with chlorine to form 
aa6-tetrachlorobutaldehyde-2 : 5-dichloro-N-acetylphenylhydrazone, 

C,H,Cl,"NAc:N:CH-CCl,°CMeC]l,. 

2:4: 5-Trichlorophenylhydrazine hydrochloride reacts similarly with butyl chloral 
in aqueous solution, but the azo-butylene, being unstable, has not been isolated in the 
pure state, and the final product is «$-dichlorocrotonaldehyde-2 : 4 : 5-trichlorophenylhydr- 
azone : no second form of this hydrazone has yet been obtained. When the reaction takes 
place in boiling alcohol, the crimson colour at first observed quickly disappears and 
8-chloro-«-ketobutaldehyde-2 : 4 : 5-trichlorophenylhydrazone is formed. This compound 
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reacts (a) with an alcoholic solution of 2 : 5-dichlorophenylhydrazine, yielding an osazone in 
which the @-chlorine atom has been replaced by ethoxyl; (b) with an equivalent amount of 
NCH Na0Et C.H,ClyNH-N:CH — §EtoH C,H,Cl,;-NH:-N:CH 
CMeCOH - CameCie0 GHcyNENE. pyr este 
hot alcoholic sodium ethoxide, ring closure taking place with loss of hydrogen chloride 
and the formation of 4-hydroxy-1-(2’ : 4’ : 5’-trichlorophenyl)-5-methylpyrazole. 

The action of chloral upon 2 : 5-dichloro- or 2 : 4 : 5-trichloro-phenylhydrazine hydro- 
chloride is similar to its action upon other halogen-substituted arylhydrazines (J., 1927, 
2850). The first product is, in each case, a pale yellow, unstable hydrazone which, by a 
reversible loss of hydrogen chloride, passes into a crimson azo-ethylene which, when the reac- 
tion takes place in water (or in alcohol) at the ordinary temperature, can be isolated. In 
boiling alcohol, however, owing to the reversible nature of the reaction, the CCl, group 
of the initially formed hydrazone is hydrolysed and esterified, and a corresponding hydrazone 
of an alkyl glyoxylate is formed. 





C,H,ClyN< 


_>  R-N‘N-CH‘CCl, + HCl 


R:-NH-N:CH | (crimson) 


R-NH-NH, + CHO 
¢ Ccl,| 08 


a, — | 


tee 


4,0” R:NH-N:CH-CO,Et 


When these 2: 5-dichloro- and 2: 4: 5-trichloro-phenylhydrazones of ethyl glyoxylate 
are acted upon by chlorine, the w-hydrogen atom is substituted. In the case of ethyl 
glyoxylate-2 : 5-dichlorophenylhydrazone the 4-position also is substituted, giving ethyl 
w-chloroglyoxylate-2 : 4 : 5-trichlorophenylhydrazone. 


EXPERIMENTAL. 


2 : 5-Dichlorobenzeneazo-fy-dichloro-A*-butylene.—This compound separated as a crimson- 
red solid when a well-powdered mixture of 2 : 5-dichlorophenylhydrazine hydrochloride (2 g.) 
and butyl chloral hydrate (2 g.) was covered with alcohol and shaken occasionally during 
} hour. After being washed with a little cold alcohol and dried, it crystallised from light 
petroleum (b. p. 60—80°) in large red prisms, m. p. 101° (Found : Cl, 47-7. CygH,N,Cl, requires 
Cl, 47-7%). After several weeks it changed into the pale yellow «$-dichlorocrotonaldehyde- 
2 : 5-dichlorophenylhydrazone, m. p. 116° (vide infra). 

When dry hydrogen chloride was led into a benzene solution of the azo-butylene, the crimson 
colour faded immediately, owing to the formation of the unstable, pale yellow butyl chloral- 
2: 5-dichlorophenylhydrazone. If the solution was rapidly washed free from hydrogen chloride 
with dilute sodium carbonate solution and then with water and dried over sodium sulphate, 
a neutral solution was obtained which lost hydrogen chloride when warmed, the red colour of 
the azo-butylene being restored. 

When a benzene solution of the azo-butylene was boiled, the colour slowly faded to yellow 
and, on cooling, «$-dichlorocrotonaldehyde-2 : 5-dichlorophenylhydrazone, m. p. 90°, separated 
in almost colourless prisms with pale blue reflex (Found: Cl, 48-2%). On treatment with 
acetic anhydride and a drop of sulphuric acid a monoacetyl derivative was obtained, which 
formed compact colourless prisms, m. p. 150°, from alcohol (Found: Cl, 41-5. C,,.H,ON,Cl, 
requires Cl, 41-8%). 

«8-Dichlorocrotonaldehyde-2 : 5-dichlorophenylhydrazone, m. p. 116°.—6 G. of powdered 
2 : 5-dichlorophenylhydrazine hydrochloride and 6 g. of butyl chloral hydrate, when covered 
with acetic acid (20 c.c.), dissolved in } hour; hydrogen chloride was evolved and the colour 
of the deep crimson solution faded whilst a$-dichlorocrotonaldehyde-2 : 5-dichlorophenylhydrazone 
separated. This was easily soluble in boiling alcohol, and crystallised in pale yellow, flattened 
prisms, m. p. 116° (Found: Cl, 47-75%). The monoacetyl derivative, m. p. 139°, formed com- 
pact colourless prisms from alcohol (Found : Cl, 41-9%). 

Either of these «$-dichlorocrotonaldehyde-2 : 5-dichloro-N-acetylphenylhydrazones (m. p. 
139° and 150°) was saturated with chlorine in hot chloroform solution; a«$8-tetrachlorobutalde- 
hyde-2 : 5-dichloro-N-acetylphenylhydrazone, m. p. 154°, was obtained on evaporating the solvent 
(Found: Cl, 52-8. C,,H,ON,Cl, requires Cl, 51-8%). Reduction in boiling acetic acid 
solution with tin and hydrochloric acid gave 2: 5-dichloroaniline, identified as 2 : 5-dichloro- 
acetanilide, m. p. and mixed m. p. 134°. 
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«B-Dichlorocrotonaldehyde-2 : 4 : 5-irichlorophenylhydrazone was obtained as a pale yellow 
solid when butyl chloral hydrate (1 mol.) and 2: 4: 5-trichlorophenylhydrazine hydrochloride 
(1 mol.) reacted in water at 40—50°. It formed slender, pale yellow prisms, m. p. 86°, from 
alcohol (Found : Cl, 53-2. C,H,N,Cl, requires Cl, 53-4%). The monoacetyl derivative crystal- 
lised from alcohol in colourless compact prisms with domed ends, m. p. 123° (Found: Cl, 47-5. 
C,,H,ON,Cl, requires Cl, 47-4%). 

B-Chlovo-a-ketobutaldehyde-2 : 4 : 5-trichlorophenylhydrazone.—Butyl chloral hydrate (5 g.) 
and 2: 4: 5-trichlorophenylhydrazine hydrochloride (5 g.) were boiled with alcohol (30 c.c.) 
until the red colour faded to pale yellow (10 minutes). The hydrazone, which separated on 
cooling, formed pale yellow, slender prisms, m. p. 162°, from alcohol (Found: Cl, 45-3. 
C,,H,ON,CI, requires Cl, 45-2%). 

When an ethyl-alcoholic solution of this hydrazone was boiled with 2 : 5-dichlorophenyl- 
hydrazine, the 2: 4:5: 2’ : 5'-pentachlorodiphenylosazone of a-keto-B-methoxybutaldehyde was 
obtained; this crystallised from pyridine—alcohol in slender yellow prisms with domed ends, 
m. p. 212° (Found: Cl, 37-1. C,,H,,ON,Cl, requires Cl, 36-8%). 

Action of Chloral upon 2 : 5-Dichlorophenylhydrazine.—2 : 5-Dichlorophenylhydrazine hydro- 
chloride (8 g.), chloral hydrate (8 g.), and water (100 c.c.) were ground to a cream and gently 
warmed until the initially formed yellow hydrazone was converted completely into 2 : 5-dichloro- 
benzeneazo-BB-dichloroethylene (10 minutes), which separated as a red solid. This was well 
washed with warm water, dried, and crystallised from alcohol, in which it was readily soluble, 
forming orange-red needles, m. p. 93° (Found: Cl, 52-5. C,H,N,Cl, requires Cl, 52-6%), un- 
affected by boiling alcohol in the absence of hydrogen chloride. 

Ethyl Glyoxylate-2 : 5-dichlorophenylhydrazone.—This was obtained on cooling when chloral 
hydrate and 2: 5-dichlorophenylhydrazine hydrochloride reacted in alcohol, the solution being 
first boiled until the red colour had faded to yellow. It formed yellow irregular plates, m. p. 
90°, from alcohol (Found: Cl, 27-4. Cy9H4O,N,Cl, requires Cl, 27-2%). 

Ethyl glyoxylate-2 : 4 : 5-trichlorophenylhydrazone, similarly prepared, crystallised from alcohol 
in almost colourless plates, m. p. 102° (Found : Cl, 36-0. C,gH,O,N,Cl, requires Cl, 36-1%). 

Ethyl w-Chloroglyoxylate-2 : 4 : 5-trichlorophenylhydrazone.—Ethyl _glyoxylate-2 : 5-di(or 
-2: 4: 5-tri)chlorophenylhydrazone (1 g.), dissolved in chloroform (10 c.c.), was saturated 
with chlorine, the temperature being allowed to rise. After aspiration of excess chlorine in a 
current of air passed through the solution, ethyl w-chloroglyoxylate-2 : 4: 5-trichlorophenyl- 
hydrazone was obtained as a yellow solid by evaporation of the chloroform on a water-bath. 
It was moderately easily soluble in alcohol and formed pale yellow needles (0-9 g.), m. p. 115° 
(Found: Cl, 43-3. C,gH,O,N,Cl, requires Cl, 43-0%). On vigorous reduction in boiling 
acetic acid with tin and hydrochloric acid, 2: 4: 5-trichloroaniline was obtained (2: 4: 5- 
trichloroacetanilide, m. p. and mixed m. p. 182°). That this compound contains an w-chlorine 
atom was shown by adding concentrated aqueous ammonia to an alcoholic solution, when, 
on the addition of water, ethyl w-aminoglyoxylate-2 : 4 : 5-trichlorophenylhydrazone was obtained. 
It formed colourless hair-like prisms from aqueous alcohol; on standing in contact with its 
mother-liquor, it was rapidly transformed into colourless hexagonal tablets, m. p. 140° (Found : 
Cl, 34-2. CygHygO,N3Cl, requires Cl, 33-9%). 


THE QUEEN’s COLLEGE LABORATORY, OXFORD. [Received, August 19th, 1933.] 





354. A Rearrangement of o-Acetamido-sulphoxides. 
By ALFRED LEvi, LEONARD A. WARREN, and SAMUEL SMILES. 


In the course of previous experiments dealing with the behaviour of o-amino-sulphones 
(J., 1932, 2774) it was found that in presence of alkali one of the corresponding sulphoxides 
(I) underwent a rearrangement of the same type as that observed with the sulphone; the 
2-nitrophenyl was displaced from thionyl by the acetamido-group and the sulphenic acid 
was liberated. Other o-acetamido-sulphoxides of similar structure have now been ex- 
amined and it appears that this rearrangement is of general occurrence, provided that a 
suitably positive group is attached to thionyl. Two examples are now described. 

The sudphoxide (11) with two molecular proportions of alkali yielded a solution of the 
salt of the sulphenic acid (III). This was not obtained in the pure condition, but after 
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methylation it was isolated in good yield as the methyl-sulphoxide (IV). This product 
gave methylthiol with hydriodic acid and was converted by oxidation into the methyl- 
sulphone, which was identical with the methylation product of the corresponding sulphinic 
acid obtained from another source. The sulphenic acid (III) showed greater stability 
than expected; as in the case of anthraquinone-l-sulphenic acid (Fries, Ber., 1912, 45, 
2965), it did not yield the disulphide in warm alkaline solution like other less stable acids 
of this type, but instead absorbed atmospheric oxygen, forming the sulphinic acid. The 
latter was not isolated from the product, but its presence was inferred from the formation 
of the disulphide (V) with dilute hydrogen iodide; freshly prepared material did not yield 
the disulphide in this manner. 

The rearrangement of the chloronitro-sulphoxide (V1) was effected in the same way and 
gave analogous products (compare III and IV). The sulphenic acid formed gave on 
immediate methylation in alkali the methyl-sulphoxide, but after prolonged exposure to 
air before methylation the methyl-sulphone was obtained. 


S-OH 
conga °F 
NH-C,H,-NO, 


NHAc 
NHAc 
(I.) (II.) (IIT.) 
SOMe Serre SO 
Ox €% Ox 1S 
NH-C,H, NO, NH-C,H,-NO, a 
(IV.) (V.) (VI.) 


The rearrangement of these sulphoxides takes place very readily and it is important 
to notice that with one molecular proportion of sodium hydroxide the acetylated sulphenic 
acid (VII) is formed: this was isolated in good yield as the N-acetyl-methyl-sulphoxide, 
which gave methylthiol with hydrogen iodide and was de-acetylated by alkaline media, yield- 
ing (IV). The de-acetylated amine was not observed in the product of rearrangement under 
this condition. This result is interesting, since it shows that rearrangement takes place 
before de-acetylation and that the process must be regarded as a displacement of thionyl 
by the acetamido-group. A similar displacement of the sulphonyl by the acetamido- 
group has already been recorded (loc. cit.) and further investigation has since revealed 
other examples. In the case of the sulphone the rearrangement of the corresponding 
amine was also effected (loc. cit.) and, although no exact comparison was possible, the 
general conditions required appeared to indicate that this proceeded less readily than 
with the acetyl derivative. 

The relative activity of the amino- and the acetamido-group in these rearrangements 
has been further examined by a study of the amine derived from (VI) by de-acetylation. 
Under conditions which easily effect the rearrangement of (VI), the amine was partly 
recovered unaltered. Thus from data hitherto obtained it appears that under the alkaline 
conditions used the acetamido-derivative is more active in these rearrangements than 


S-OH O-C,H,NO 
o4 SO NO, M O f> 6**4 2 
NAc-C,H,NO, O \oH 
OH 
(VII) (VIII.) (IX.) 


the amine. From the rearrangements observed with sulphoxides and sulphones of this 
series it is now clear that in presence of alkali the acetamido-group is capable of displacing 
both thionyl and sulphonyl from the 2-nitrophenyl group; further experiments now in 
progress will determine whether it is also able to displace the thio-group. 
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It is common knowledge that the corresponding o-hydroxy-sulphides (e.g., VIII and IX, 
where SO is S) are, apart from a tendency to lose 2-nitrophenyl by hydrolysis, stable in 
alkaline solution; they are, indeed, formed in that medium by rearrangement of the 
o-thiol oxides (J., 1931, 3264). On the other hand, the sulphones (e.g., VIII and IX, 
where SO is SO,) undergo rearrangement (loc. cit.); it is therefore of interest to consider 
the case of the sulphoxides (VIII and IX). These substances have now been examined 
and no evidence of their rearrangement has been found under the usual conditions. 
Evidently aromatic hydroxyl is less active than the acetamido-group in these intra- 
molecular displacements. 


EXPERIMENTAL. 


2-Nitro-2'-aminodiphenyl Sulphide-—When a solution of bis-2-aminophenyl disulphide 
(10 g.) in acetic acid (150 c.c.) containing zinc dust (6 g.) was boiled (2 hours), the zinc salt of 
2-aminophenylthiol separated. Concentrated hydrochloric acid was added to dissolve this, 
the clear solution diluted (1 1.), and the zinc salt reprecipitated by addition of excess of sodium 
acetate. After being washed until free from acid, the salt was dried and suspended in alcohol 
(100 c.c.) containing sufficient sodium ethoxide to yield the sodium salt of the thiol. A con- 
centrated solution of o-chloronitrobenzene (13 g.) in alcohol was then added and the mixture 
was boiled (4 hours), more alcohol being added to dissolve any oil which separated. The re- 
quired product (17 g.) crystallised from the cooled solution after zinc oxide had been removed. 
It was purer (m. p. 85°) than that obtained by Hodgson and Rosenberg (/. Soc. Dyers and 
Colourisis, 1930, 267). The acetyl derivative formed yellow needles, m. p. 136°, from alcohol. 
4-Chlovo-2-nitro-2'-aminodiphenyl sulphide was prepared in a similar manner, 2 : 5-dichloro- 
nitrobenzene being used instead of 2-chloronitrobenzene. It formed deep yellow prisms from 
alcohol, m. p. 130° (Found: N, 9-8; S, 11-5. C,,H,O,N,CIS requires N, 10-0; S, 11-4%). 
The acetyl derivative, obtained with acetic anhydride and pyridine (100°), formed yellow needles, 
m. p. 150°, from acetic acid (Found: C, 52-2; H, 3-7; N, 9-0. C,,H,,0O,N,CIS requires C, 
52-1; H, 3-4; N, 8-7%). 

2-Nitro-2'-acetamidodiphenyl Sulphoxide (II).—A solution of the corresponding sulphide 
(14-4 g.) in acetic acid (35 c.c.) containing ‘“‘ hyperol’’ (6 g.) was kept at 100° (2 hours). After 
dilution (400 c.c.) the product slowly separated; it was recrystallised from alcohol (charcoal) 
and formed pale yellow needles, m. p. 160° (Found: C, 55-3; H, 4:0; N, 9-4. C,,H,,0,N,S 
requires C, 55-3; H, 3-9; N, 9-2%). The substance liberated iodine from hydrogen iodide in 
acetic acid and was soluble in concentrated hydrochloric acid and was hydrolysed by the hot 
reagent. Further oxidation yielded the sulphone. 

4-Chloro-2-nitro-2'-acetamidodiphenyl Sulphoxide (V1).—Warm acetic acid (6 c.c.) contain- 
ing ‘‘ hyperol ’’ (1-1 g.) and the corresponding sulphide (3-2 g.) were kept at 100° (1-5 hours). 
Dilution of the mixture then yielded the sulphoxide (3-1 g.), which formed pale yellow prisms, 
m. p. 179—180°, from alcohol (Found: C, 49-6; H, 3-3; Cl, 10-4; S, 9-7. C,,H,,O,N,CIS 
requires C, 49-6; H, 3-2; Cl, 10-5; S, 9-5%). 

4-Chlovo-2-nitro-2'-aminodiphenyl Sulphoxide (compare VI).—Alcohol (50 c.c.) which con- 
tained sulphuric acid (10%) and the acetamido-sulphoxide (VI) (3-5 g.) was kept at 70—80° 
(2 hours). Dilution gave the required product (3 g.), which separated from alcohol in orange 
prisms, m. p. 162° (Found: C, 48-6; H, 3-2. C,,HsgO;N,CIS requires C, 48-6; H, 3-0%). 
When the substance was reacetylated, (VI) was obtained. 

Rearrangement of the Sulphoxides (II) and (VI1).—(a) 2-0-Nitrophenylaminophenyl methyl 
sulphoxide (IV). Alcohol (10 c.c.) which contained the sulphoxide (II) (1 g.) was warmed 
(50°) before N-sodium hydroxide (2 mols.) and excess of methyl iodide were consecutively 
added. When the red colour had faded to pale orange, the mixture was diluted, and alcohol 
removed; the required methyl-sulphoxide, which separated (0-7 g.), crystallised from alcohol in 
orange plates, m. p. 149—151°, which gave a purple solution in sulphuric acid and liberated 
methylthiol when warmed with hydriodic acid (d 1-7) (Found: C, 56-7; H, 4:5; N, 10-3; S, 
11-6. C,,;H,,0O,N,S requires C, 56-5; H, 4-3; N, 10-2; S, 11-6%). 

Oxidation of this substance (0-6 g.) in acetic acid (3 c.c.) with “ hyperol”’ (0-6 g.) at 100° 
gave 2-0-nitrophenylaminophenylmethylsulphone, which formed yellow needles, m. p. 130—131° 
(Found : C, 53-4; H, 4-3. ©,,;H,,0,N,S requires C, 53-4; H, 4-:1%). 

(b) The sulphoxide (II) readily dissolved in N-sodium hydroxide (3 mols.) at 50°; the solu- 
tion was kept at 100° ($ hour) with free access of air. Addition of dilute sulphuric acid to the 
cold solution yielded an orange material which could not be resolved into pure components 
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but evidently contained sulphinic acid, since, in warm acetone with dilute hydriodic acid and 
sulphur dioxide, it gave a red crystalline precipitate of bis-2-o-nitrophenylaminophenyl disulphide 
(V). This formed plates from acetic acid, m. p. 149—151°, which were also obtained from 
the pure sulphinic acid of different origin (Found: C, 58-6; H, 3-7; S, 13-2. C,gH,,0,N,S, 
requires C, 58-8; H, 3-7; S, 13-1%). 

(c) 2-0-Nitrophenylacetamidophenyl methyl sulphoxide (compare VII). The sulphoxide (II) 
(1 g.) was treated as in (a) with methyl iodide and N-sodium hydroxide (1 mol.); after dilution 
and removal of alcohol the acetyl derivative of (IV) separated (0-9 g.). This formed yellow 
prisms from alcohol, m. p. 160—161°, which gave methylthiol with hot hydriodic acid (d@ 1-7) 
and were converted into (IV) by warm aqueous alcohol containing sodium hydroxide (Found : 
C, 56-6; H, 4-6; N, 8-9. C,,;H,,0,N,S requires C, 56-6; H, 4-4; N, 88%). 

(d) 2-p-Chloro-o-nitrophenylaminophenyl methyl sulphoxide. The acetamido-sulphoxide 
(VI) (1 g.) was treated in alcohol with N-sodium hydroxide (2 mols.) and methyl iodide as 
described in (a). The deep red colour of the solution faded as methylation proceeded, and 
subsequently the required product separated (0-65 g.). This formed orange prisms, m. p. 152°, 
from alcohol, which gave methylthiol with hot hydriodic acid (Found: C, 50-3; H, 3-6; N, 
9-3; S, 10-3. C,,H,,0O,;N,CIS requires C, 50-2; H, 3-5; N, 9-0; S, 10-3%). 

When the preceding sulphoxide was oxidised by ‘‘ hyperol”’ in acetic acid, it yielded 2-p- 
chloro-o-nitrophenylaminophenylmethylsulphone. This, purified from acetic acid, had m. p. 
187° and was identical with a sample obtained from the sulphinic acid (Found: C, 47-7; H, 
33; N, 8-7; S, 10-0. C,,H,,0O,N,CIS requires C, 47-8; H, 3-4; N, 8-6; S, 98%). The 
amine derived from (VI) was partly recovered after it had been treated (2 hours) at 90—100° 
with 2N-sodium hydroxide [compare (b)]. 

2-Nitrophenyl 4-Hydroxy-m-tolyl Sulphoxide (IX).—A solution of the sulphide (5 g.) in acetic 
acid (25 c.c.) which contained ‘‘ hyperol ”’ (3 g.) was heated (90—100°; 3 hours). The product 
separated (3 g.) from the cooled solution; it formed yellow prisms, m. p. 206—207°, from acetic 
acid (Found: C, 55-9; H, 4:0. C,,;H,,O,NS requires C, 56-3; H, 4:0%). The substance was 
recovered after a solution in 2N-sodium hydroxide had been heated (100°; 15 mins.); 0- 
nitrophenol, formed by hydrolysis of the sulphoxide, was also isolated. 

2-Nitrophenyl 2-Hydroxy-1-naphthyl Sulphoxide (VIII).—Acetic acid (100 c.c.) which 
contained the acetyl derivative of the sulphide (10 g.) and “‘ hyperol ”’ (3 g.) was warmed (100°; 
2 hours). When the cold solution was diluted, a yellow mass separated; this was treated with 
a little hot alcohol, and the residue (5 g.) was purified from acetic acid (charcoal). The acetyl 
derivative of the sulphoxide (VIII) thus obtained formed pale yellow prisms, m. p. 169° (Found : 
C, 60-9; H, 3-9. C,,H,,0;NS requires C, 60-8; H, 3-7%). It was hydrolysed by boiling 
(5 mins.) 2N-sodium hydroxide which contained a little alcohol. When the solution was 
cooled, the sodium salt separated; the required hydroxy-sulphoxide was liberated from this 
and formed yellow plates, m. p. 144° (decomp.), from acetic acid; they gave a green solution 
in sulphuric acid (Found : C, 61-5; H, 3-5. C ,sH,,O,NS requires C, 61-3; H, 3-5%). Treat- 
ment with acetic anhydride and pyridine converted the substance into the acetyl derivative 
described above. It was recovered unaltered from hot aqueous sodium hydroxide (2N), but 
prolonged heating with the reagent led to the formation of o-nitrophenol and other products 
of hydrolysis. 


We wish to thank Dr. Hodgson for information concerning the amino-sulphides and Mr. 
W. J. Evans for details of the method of preparing those now described and for samples of the 
methyl-sulphones obtained from the sulphinic acids. 
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355. Optical Activity in Relation to Tautomeric Change. Part I. Con- 
ditions underlying the Transport of the Centre of Asymmetry in 
Tautomeric Systems. 

By C. K. INGoLtp and C. L. WILson. 


THE immediate question to which the present work was addressed may be stated as follows : 
Given two mutually convertible triad tautomerides (I and II) each containing only one 
asymmetric centre (indicated *), which is in each case situated at the point of attachment 
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of the mobile group (represented [X]); it is required to find whether an optically active 
modification of tautomeride (I) would, on conversion under ordinary non-asymmetric 
conditions, yield an optically active tautomeride (II) : 


Ve aes R3 secahin R! _1+ _*R3 
(I.) Ro} B-C< pa — R2-A—B SR (II.) 
[X] [X] 


From the mechanistic point of view two cases arise according as the change is cationotropic 
(e.g., prototropic) or anionotropic; but the two forms of electron displacement 


(NM CY v\ 1 
X—A—B—C and X—A—B—C 


corresponding respectively to these two complementary types of change are so entirely 
analogous that an answer obtained for either case is expected to hold for both. 

In the problem considered the asymmetric centre becomes transported in the course 
of the change from the point of detachment of the mobile group to the point of its reunion. 
This problem is therefore quite distinct from that solved by McKenzie and his co-workers 
for the pinacol and allied rearrangements, in which optical activity was found to be 
retained; in these rearrangements the asymmetric centre remains stationary although 
one of the substituents attached to it becomes replaced, ¢.g., 


(CH,Ph),C(OH)-CHPh-OH —> CH,Ph-CO-CHPh-CH,Ph 


The well-known cases in which optical activity is retained during Wagner rearrangement 
in the terpene series are still more remote from the present question, for in these examples, 
not only is there no definite migration of an asymmetric centre, but also the molecules 
contain at least one asymmetric centre external to the rearranging system, ¢.g., 


x OR 


| * 


YY vai ae | 
p BREE gy 


The only previously known instance of an isomeric change involving movement of the 
single centre of asymmetry responsible for optical activity is the conversion of linalyl 
acetate or formate into the corresponding optically active «-terpinyl ester (Stefan, J. pr. 
Chem., 1898, 58, 111; Zeitschel, Ber., 1906, 39, 1780) : 


[OAc]¢Me-CH:CH, CH:CMe, CMe:CH-CH,-CH-CMe,[OAc] 
i. —_—_—<ch, > &——_&, 


This example differs in two important respects from the fundamental case (I == II) 
formulated above. First, the migrating centre of asymmetry does not follow the route 
of the mobile group and does not arrive at the same destination. Secondly, the inter- 
conversion is a ring-chain, pentad, anionotropic change, and, as will be shown later, the 
circumstance that the displacement of a double bond in this tautomeric system gives rise 
to a ring rather than to another double bond is far from being trivial in this connexion. 

Exploratory experiments (See Experimental, Sections 1—4) concerning both aniono- 
tropic and prototropic systems of the form (I == II) led to the selection of the methylene- 
azomethine prototropic system >C[H]‘N:C< (Ingold and Shoppee, J., 1929, 1199) as 
that most likely to provide suitable examples for the purpose in view; and further pre- 
liminary investigations within this field (Experimental, Sections 3 and 4) resulted in the 
final choice of the pair of tautomerides (III) and (IV) : 

ii C,H 
(III.) o> CH] ‘N: CEH H iCl(p- ‘haat ~ ieee N-C[H]<¢° °H,Cl(p- -) (IV.) 


These siniaiediiied in alcoholic solution become interconvertible in the presence of sodium 
ethoxide; the reaction occurs at a convenient speed, ceases on destruction of the catalyst, 
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and is unaccompanied by the formation of by-products. No approach to complete con- 
version is possible because the equilibrium mixture contains almost exactly equal amounts 
of the two isomerides; but these may be separated through derivatives by a method 
shown to be suitable for the diagnosis of optical activity. 

When the interconversion was effected with one of the optically active modifications of 
compound (III), the isomeride (IV) produced had no perceptible rotatory power. Had 
this compound been formed with a rotatory power amounting to 1% of that of its optically 
pure modification, the retention of activity would certainly have been observed. It was 
ascertained that this result was not due to the complete racemisation of isomeride (III) 
prior to its tautomeric conversion; for compound (III) was recovered with a high pro- 
portion of its original rotatory power from the same solution which yielded isomeride (IV) 
in an optically inactive condition. 

The theoretical object underlying this enquiry is concerned with the problem of whether 
or not particular electron pairs are mechanistically coupled in conjugated electromeric 
systems. This question has definite meaning in relation to observable phenomena only 
when considered in its application to systems possessing certain features of dissymmetry. 
In illustration we may consider a system composed of three carbon (or other octet-forming) 
atoms, C,, Cs, and C,, with an unshared C,-duplet (denoted by a “ flying ” bond-sign) and 
a C,C,-double linking, the whole system being substituted in such a way that its dissymmetry 
is limited only by the C,C,-double bond and the potential C,C,-double bond : 


Sp iad 


For simplicity we will imagine that dissymmetry through restricted intramolecular rotation 
is eliminated, e.g., by a configuration in which the unshared C,-electrons lie symmetrically 
about the plane of the nuclei of C,, Cs, and C,, and we then enquire whether the unshared 
electron-pair possesses any dissymmetric property (possibly analogous to spin in a single 
electron) which can be thrown sufficiently out of balance by the asymmetric atomic environ- 
ment to enable this electron-pair to establish unequal relationships with the two electron- 
duplets into which the double link divides on electromeric activation. Apparently the 
answer is in the negative, in the sense that, either an electron-pair does not contain such a 
property, or that, if it does, an asymmetric atomic environment is not sufficient to destroy 
the normal dissymmetric compensation; but before accepting this conclusion, it is neces- 
sary to show that it can be reconciled with the retention of optical activity in the conversion 
of linalyl acetate into terpinyl acetate, and to explain the contrast between this result and 
that obtained for the system now investigated. 

In the above statement of the problem the propagation of asymmetry through the 
action of a dissymmetric influence on intramolecular rotations was assumed to be inoper- 
ative; but this effect is bound to intervene in greater or less degree in all actual examples. 
This may be called the asymmetric synthesis effect ; for asymmetric synthesis depends on 
the production of a new asymmetric centre in the presence of a molecular electric field which 
not only is non-uniform but also gives a time-average, which, calculated over the totality 
of reaction periods for a large assembly of molecules, does not acquire any complete element 
of symmetry through intramolecular rotation because of the influences which dissym- 
metrically affect such rotations. It is clear, from reference to known results concerning 
asymmetric synthesis, that the effect of dissymmetrically influenced rotations in throwing 
the new asymmetric centre out of external compensation is usually small and frequently 
undetectable. The application to a prototropic system is indicated in formula (V), in which 
X and Y mark the intersections between the fixed plane HC,C, and the circular locus of 
C,, and a and 6 are imaginary labels applied to the two duplets, or potential duplets, of the 
C;C,-double bond. Evidently the transport of asymmetry would be maximal were C, 
permanently held in such a position as C,’, when either, if there is no Walden inversion at 
Cz, electrons a, or if there is, electrons b, will be preferentially coupled with the C,H-electrons 
in the tautomeric process ¢#, Since to each point on the semicircle XC,’Y there corresponds 
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a point on the other semicircle YC,”’X at which the respective relations of the a and oi we 
b electrons to the C,H-electrons become interchanged, the propagation of asymmetry by 
the asymmetric synthesis effect is normally dependent on the fulfilment of the condition 
that, owing to the non-equivalence of the external electric fields due to R, and R,, C, sh. <d 
spend a greater proportion of its time, or rather should be more likely to be found at a 
moment of reaction, in one of these semicircles than in the other. The case of an analoguus 
anionotropic system is indicated in formula (VI). In conformity with known analogies, 
our results show that the propagation of asymmetry by this mechanism is normally very 
small. Turning now to the cyclic transformation of linalyl acetate, it becomes immediat. , 
evident that, since reaction can occur only when the molecule is suitably articulated for 
ring formation, as is indicated in formula (VII), C, is effectively fixed at a point correspond- 
ing to C,’, not in the sense that C,, necessarily spends more of its life there than elsewhe: 

prior to reaction, but in the sense that C, is in, or very close to, that position for every 
molecule during the whole of its reaction period. A similar statement applies to the atoms 
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C; and C, of the pentad system, and thus the whole effect on the transmission of asymmetry 
is as if intramolecular rotation were, not merely asymmetrically influenced, but wholly 
stopped, and stopped, moreover, with the groups in precisely those relative positions which 
make for a maximal propagation of asymmetry by the effect which has been correlated with 
asymmetric synthesis. 

An explanatory statement concerning the synthetical experiments, and the investig- 
ations of tautomeric mobility and equilibrium, which formed a necessary preliminary to 
this investigation, will be found preceding the corresponding experimental descriptions in 
each of Sections 1—4 of the experimental portion. Tie details of the investigation out- 
lined above are given in Section 5. 

EXPERIMENTAL. 


Section 1. Exploratory Experiments on Anionotropic Systems Derived from «-Phenyl- and 
a-Ethyl-crotyl Alcohols. 

The anionotropic conversion of «-phenylallyl esters into cinnamy] esters is known to be 

quantitative (Burton and Ingold, J., 1928, 904), and, since a complete conversion would 
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ofviate the necessity for a difficult separation of isomerides in the projected experiment 
with optically active compounds, anionotropic systems containing an «-phenyl group, and 
the further substituents required to provide the necessary asymmetry, were first considered. 
Si\ua@s, moreover, the presence in one tautomeride of cis- and trans-forms, both externally 
covapensated, would complicate optical resolution, it was hoped to avoid this by including 
thé’triad system in a ring; and thus, as a preliminary to the preparation of the cyclic 
compound (VIII) from zsophorone and a Grignard reagent, the reaction was studied between 


™ CPh(OH)-CH:CMe CH,-CH.. c.cHph(OH c 
, W)  CH,—CMe,—CH, a oe 


mesityl oxide and phenylmagnesium bromide. Theresultant alcohol, CMePh(OH)-CH:CMe,, 
Tald not be esterified and readily underwent dehydration, behaviours which were attributed 
to its tertiary alcoholic character, and accordingly the analogous secondary alcohols 
CHPh(OH)-CH:CHMe and CHEt(OH)-CH:CHMe were subsequently examined. These 
compounds could be esterified, and from the former a hydrogen succinate was obtained, 
which could possibly have been used for optical resolution; but all the compounds of 
these series were without exception difficult to purify, and apparently were mixtures of 
geometrical isomerides. Thus the presence of a ring, of a secondary hydroxyl group, and 
of an aryl group attached to the carbinol carbon atom, are indicated to be essential con- 
ditions, so that although these experiments have not directly led to the production of a 
triad anionotropic system suitable for the investigation of asymmetric transference, they 
are regarded as suggesting that the system represented in (IX), or its cyclohexene homologue, 
would have the required properties. We hope to pursue the subject along these lines. 


a-Phenyl-ay-dimethylcrotyl Alcohol_—Freshly distilled mesityl oxide (49 g.) was added below 
0° during 1-5 hours to a dry ethereal solution of the Grignard reagent prepared from redistilled 
bromobenzene (79 g.) and magnesium (12 g.). The stirring and cooling were continued for 
another 1-5 hours and the product was decomposed with ice and saturated ammonium chloride 
solution (600 c.c.). The product, a viscous oil, was undoubtedly the.alcohol named, but it could 
not be purified for analysis because on attempted distillation it eliminated water (collected and 
identified) and yielded the hydrocarbon mentioned below. Attempts to prepare esters from 
the undistilled alcohol by treatment with acetic anhydride or with p-nitrobenzoyl chloride in 
pyridine solution also resulted in loss of water. The hydrocarbon was a highly refractive oil 
of distinctive odour and b. p. 94—96°/16 mm. (Found: C, 90-3; H, 8-7. C,,H,, requires 
C, 91-1; H, 89%). We believe it to be y-phenyl-a-methylbuiadiene because on ozonolysis we 
obtained formaldehyde, benzoic acid, and a neutral substance responding to the iodoform 
test, and also because this constitution corresponds to the normal direction of dehydration. 
The substance is, however, probably identical with the hydrocarbon described by Klages (Ber., 
1904, 37, 2305) as «-phenyl-x«yy-trimethylallene, because on oxidation with acid permanganate 
(idem, ibid.) it gave the products, acetophenone and benzoic acid, on which Klages based this 
constitution. We think it more probable, however, that the acid oxidation involves an unusual 
mechanism. On keeping, the hydrocarbon polymerises. 

a-Phenylcrotyl Alcohol_—This was prepared in 81% yield by Burton’s method (J., 1929, 
455); it had b. p. 88—90°/1 mm. and nj®° 1-5412 (Found: C, 81-0; H, 7-9. Calc.: C, 81-0; 
H, 8-2%). The alcohol was heated with phthalic anhydride both alone and in pyridine for 
various periods, but in no case was any acidic product isolated other than phthalic acid. The 
neutral product on distillation yielded a highly refracting oil, b. p. 5|0—51°/0-4 mm., nif" 1-6093 
(Found : C,91-1; H, 7-7. Calc. : C, 92-2; H, 7-8%), which was identified as a-phenylbutadiene 
by conversion into cis-3-phenyl-A‘-tetrahydrophthalic anhydride, needles m. p. 118—120° 
(Found: C, 73-3; H, 5-35. Calc. : C, 73-6; H, 5-3%), by condensation with maleic anhydride 
(Diels and Alder, Ber., 1929, 62, 2081). A less volatile by-product was obtained as a viscous 
oil, b. p. 160°/1 mm. [Found: C, 91-6; H, 7-8; M (Rast), 262, 275. Calc.: C, 92-2; H, 7-8%; 
M, 260], evidently the dimeride of phenylbutadiene to which Lebedev (J. Russ. Phys. Chem. 
Soc., 1913, 45, 1329; cf. lwanow, ibid., 1916, 48, 1000) has assigned the constitution of 3-phenyl- 
l-styryl-A‘-cyclohexene. It was characterised by the product formed on bromination in 
chloroform at — 10°. This substance, precipitated by the addition of light petroleum and 
crystallised either from benzene-—light petroleum or from ethyl alcohol, had m. p. 226—227° 
(decomp.) (Found: Br, 47-5. Calc.: Br, 48-1%) (cf. Débner and Staudinger, Ber., 1903, 36, 
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4325; Riiber, Ber., 1902, 35, 2697; von der Heide, Ber., 1904, 37, 2103). In an attempt to 
prepare the hydrogen succinate, the alcohol was heated with succinic anhydride at 100° for 30 
hours and the product divided into a neutral and an acid fraction with ether and sodium 
carbonate. The acid portion consisted of succinic acid only, whilst the neutral, on crystallis- 
ation from light petroleum, gave needles, m. p. 72—80°, which after two further crystallisations 
from the same solvent and three from ethyl alcohol melted over the same temperature range. 
Possibly the m. p. indicates the original alcohol to be a mixture of cis- and trans-isomerides as 
analysis gave figures agreeing closely with those required for a-phenylcrotyl succinate [Found : 
C, 76-2; H, 6-9; M (Rast), 362, 361. C,,H,,O, requires C, 76-2; H, 69%; M, 378], and, in 
conformity with this constitution, treatment with ozone in chloroform solution at 0° followed 
by decomposition of the ozonide with water yielded benzoic acid and acetaldehyde, the latter 
being identified as its 2 : 4-dinitrophenylhydrazone (m. p. and mixed m. p. 157—158°). When 
the condensation with succinic anhydride was repeated with pyridine as solvent, the products 
were the above neutral ester (20%) and a-phenylcrotyl hydrogen succinate (80%), which separated 
from light petroleum in plates, m. p. 74—77° raised by numerous crystallisations from the same 
solvent to 76—78° [Found : C, 67-6; H, 6-5; M (Rast), 264, 249. C,,H,,O, requires C, 67-7; 
H, 6-5%; M, 248]. 

a-Ethylcrotyl Alcohol.—Prepared in the usual way from crotonaldehyde (dried by potassium 
carbonate and freshly distilled, b. p. 102-5—102-8°) and methylmagnesium bromide or iodide 
in ether, this substance had b. p. 135—142°/770 mm. and gave a liquid p-nitrobenzoate and 
hydrogen phthalate. Geometrical isomerides were therefore believed to be present, and in an 
attempt to separate them the material was divided into the following fractions (764-8 mm.) : 
(1) below 136-5°, 2%; (2) 136-7—136-9°, 4%; (3) 136-9—137-0°, 4%; (4) 137-0—137-1°, 30% ; 
(5) 137-1°, 30%; (6) 137-1—137-2°, 20%. Fraction (5) on being heated with p-nitrobenzoyl 
chloride in pyridine solution at 100° for 4 hours gave «-ethylcrotyl p-nitrobenzoate, which 
crystallised with difficulty from light petroleum below — 20° as laminz, m. p. 42—43-5° (Found : 
C, 62-4; H, 6-0; N, 5-8. C,,;H,,0,N requires C, 62-6; H, 6-1; N, 5-6%). The 3: 5-dinitro- 
benzoate, prepared similarly and crystallised repeatedly from light petroleum, formed laminz, 
m. p. 47—48° (Found: C, 53-3; H, 4:8; N, 9-6. C,,;H,,O,N, requires C, 53-1; H, 4:8; N, 
9-5%). The hydrogen succinate and hydrogen phthalate were also prepared in pyridine solution, 
but the former was a liquid, and the latter, a solid, m. p. 51—53°, could not be crystallised from 
the usual organic solvents, since either it was too soluble or it separated as an oil even below 
— 20°. 


Section 2. Exploratory Experiments on Anionotropic Systems Derived from 1-H ydroxyindene. 


The object of these experiments was to prepare an alcohol of the type (X). Indenones, 
which should yield alcohols of the required type on treatment with Grignard re- 
CR”-OH agents, have been prepared by Rupe, Steiger, and Fiedler (Ber., 1914, 

J 47, 66) from benzophenone, «-bromocarboxylic esters, and zinc, the 
CX Scr Reformatsky product being subsequently dehydrated and cyclised with 


F 4 sulphuric acid. The method necessitates that the group R’ in the ex- 


(X.) pected alcohol shall be an aryl group, because when aryl alphyl ketones, 


such as acetophenone, are used in the Reformatsky reaction, dehydration 
of the product gives an ethylene derivative of the wrong geometrical form for cyclisation. 
It follows that R’’ must also be an aryl group, since otherwise the expected alcohol on 
esterification would yield a stable tautomeride incapable of conversion into a second form. 
We have prepared a compound of the formula indicated, with R’ = R”’ = Phand R = Me. 
Attempts to create asymmetry and provide a means of resolution by the introduction of 
an amino- or substituted amino-group were unsuccessful; attempted nitration of the 
alcohol yielded tars, and it was not found possible to replace bromobenzene by either 
m-bromoaniline or ~#-bromodimethylaniline in the Grignard reaction which yields the 
alcohol. In the latter experiments pyridine was tried as a solvent and this led to the 
observation of the direct alkylation (in our case, arylation) of this base by the Grignard 
reagent, a reaction recently reported (for the case of benzylation) by Bergmann and 
Rosenthal (J. pr. Chem., 1932, 135, 267) : evidently the reaction is general. 


3-Phenyl-2-methylindenone.—Ethy] B-hydroxy-$$-diphenyl-«-methylpropionate was obtained 
in 70% yield from benzophenone (90 g.), ethyl «-bromopropionate (100 g.), and zinc (35 g.), with 
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benzene (200 c.c.) as solvent (Rupe, Steiger, and Fiedler, Joc. cit.). The benzene solution was 
washed with dilute sulphuric acid and evaporated, and the product was triturated with ethyl 
alcohol at 0°, dried, and dissolved (96 g.) in cold concentrated sulphuric acid (800c.c.). 3-Phenyl- 
2-methylindenone, obtained (65 g.) by subsequently pouring the solution on ice, crystallised 
from ethyl alcohol in orange needles, m. p. 85°. The 2: 4-dinitrophenylhydrazone separated 
from xylene in deep red needles, m. p. 259° (decomp.) (Found: N, 13-2. C,.H,,0O,N, requires 
N, 14:0%). The unsaturated ketone was reduced with hydrogen in the presence of a platinum 
oxide catalyst to 3-phenyl-2-methylindanone, an oil, the 2 : 4-dinitrophenylhydrazone of which 
crystallised from alcohol in red needles, m. p. 176—177° (Found : N, 13-7. C,,H,,0,N, requires 
N, 140%). 

1-Hydroxy-1 : 3-diphenyl-2-methylindene.—When an ethereal solution of the indenone was 
added to one of the Grignard reagent prepared from bromobenzene, a brilliant red coloration 
was produced, which became permanent when 1 mol. of indenone had been introduced, and on 
working up the product half the original indenone was recovered. By employing 2-5 mols. of 
Grignard reagent the whole of the indenone was caused to react, and the solution remained 
colourless. The product, on distillation at 1 mm. and crystallisation from light petroleum at 
below 0°, yielded prisms, m. p. 92° [Found : C, 88-4; H, 6-0; M (Rast), 296, 284. C,,H,,0 
requires C, 88-6; H, 6-1%; M, 298]. This alcohol, 1-hydroxy-1 : 3-diphenyl-2-methylindene, 
on reduction with hydrogen in the presence of a platinum oxide catalyst gave the corresponding 
saturated alcohol, which on distillation lost water, forming 1 : 3-diphenyl-2-methylindene, a 
viscous oil, which subsequently solidified, and then crystallised from ethyl alcohol in plates,. 
m. p. 108° [Found : C, 93-5; H, 6-4; M (Rast), 260, 262. C,,H,, requires C, 93-6; H, 6-4% ;: 
M, 282]. Experiments with the object of introducing an aminophenyl, or dimethylamino-. 
phenyl, group by the action on the indenone of a basic Grignard compound in the presence of? 
pyridine were unsuccessful. In one of the experiments, in which p-bromodimethylaniline was: 
employed, a substance was isolated which crystallised from benzene in buff laminz, m. p. 228—- 
229°, gave an orange picrate, and appeared on analysis to be a p-dimethylaminophenylpyridine: 
(Found: C, 78-4; H, 7-4; N, 13-8; M, 191, 207. C,,H,,N, requires C, 78-7; H, 7:1; N,. 
14:2%; M, 198). 


Section 3. Exploratory Experiments on Methyleneazomethine Prototropic Systems derived 
from 9-Aminofluorene. 


Attention was directed to the methyleneazomethine prototropic system partly on 
account of the ease with which optically active substances containing this system could 
be synthesised from previously resolved amines, and partly because the difficulty arising 
from the formation of geometrical isomerides may be avoided by separating and examining 
the tautomerides through their basic hydrolysis products, which contain the original 
asymmetric centres undisturbed. Originally it was hoped to obtain systems showing 
unidirectional interchange, and it was considered that such a result would be favoured by 
loading one end of the triad system with an o-diphenylene residue as in the example, 


sleSCH-N:CPhMe (XI). «-Phenylethylidene-9-fluorenylamine was prepared and 
etty 

isomerised, but in both these reactions by-products were formed, and the example was 
therefore considered unsuitable for the purpose in view. 


9-Fluorenylamine.—The method of reduction of fluorenoneoxime recommended by Schmidt 
and Stiitzel (Ber., 1908, 41, 1243) and Kuhn and Jacob (Ber., 1925, 58, 1438) yielded in our hands 
a considerable proportion of aceto-9-fluorenylamide, and a modified procedure was accordingly 
adopted. Zinc dust (70 g.) was added in small portions to a mechanically stirred solution of the 
oxime (40 g.) in glacial acetic acid (267 c.c.) and water (13 c.c.), the rate of addition being regul- 
ated so as to maintain the liquid in gentle ebullition under reflux. Heat was applied after the 
addition was complete in order to continue the boiling for a further hour, and then water (400 c.c.) 
was added. The solution was filtered, and the residue extracted with hot 5% acetic acid (200 
c.c.). The combined acetic acid solutions on cooling yielded a small precipitate of aceto-9-fluor- 
enylamide, and a further quantity of the same substance could be extracted from the zinc 
residues by means of ethyl acetate. The acetic acid solution was mixed with an equal volume 
of concentrated hydrochloric acid, and the mixture was kept at 0° for 12 hours. The 9-fluorenyl- 
amine hydrochloride thus precipitated was washed with cold concentrated hydrochloric acid, 
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dried, and basified with ammonia, the amine being finally crystallised from light petroleum 
(yield 90% ; m. p. 62—63°). 

a-Phenylethylidene-9-fluorenylamine.—Equivalent quantities of 9-fluorenylamine and aceto- 
phenone were heated at 100° with a small amount of ethyl alcohol for 5 hours. During the 
reaction a green colour developed, which increased in intensity with rise of temperature and was 
destroyed by dilution with alcohol. It was noticed that a similar colour was formed in the cold 
when the amine and ketone were together dissolved in piperidine, and that it varied in intensity 
with temperature and concentration, and was destroyed by the access of air, in a manner 
reminiscent of free radicals. The condensation product was separated by crystallisation from 
alcohol into a more soluble fraction, «-phenylethylidene-9-fluorenylamine, which separated from 
light petroleum in needles, m. p. 156-5—157-5° (yield 50%) (Found: C, 89-2; H, 6-1; N, 5-1. 
C,,H,,N requires C, 89-0; H, 6-1; N, 5-0%), and a less soluble portion (see below). The azo- 
methine decomposes on heating above its m. p. or on keeping for many months. If uncon- 
taminated with traces of fluorenylidenefluorenylamine (see below) it gives no coloration with 
alcoholic sodium ethoxide. With 20% hydrochloric acid a red-brown colour was formed, and 
on warming hydrolysis occurred with production of 9-fluorenylamine (identified as its benzoyl 
derivative, m. p. and mixed m. p. 260°) and acetophenone (identified as semicarbazone, m. p., 
and mixed m. p. 202°), thus showing that no tautomeric conversion had occurred during prepar- 
ation. On attempting to prepare the azomethine at 140—145°, difluorenyl was formed, m. p. 
239—240° (Found: C, 94-3; H, 5-5. Calc.: C, 94-5; H, 5-5%), and this substance was also 
obtained on heating fluorenylamine alone at 180°. 

Fluorenylidene-9-fluorenylamine.—The less soluble fraction referred to in the preceding 
paragraph was further subdivided by the use of chloroform into a less soluble portion (m. p. 
230—250°), which could not be crystallised and has not been identified, and a more soluble 
substance, fluorenylidene-9-fluorenylamine, which crystallised from light petroleum in minute 
sulphur-yellow needles, m. p. 175° (decomp.) (Found: C, 90-1, 90-4, 90-8; H, 4-9, 5-1, 4-9; 
N, 4:1, 4:4. C,,H,,N requires C, 90-9; H, 5-0; N, 4:1%). The same substance was obtained 
by heating fluorenylamine with fluorenone either in alcohol at its b. p. for 7 hours, or without a 
solvent at 100° for 4 hours. The azomethine on solution in cold alcoholic alkali gives a deep 
blue-green colour, which increases in intensity on warming; but the base obtained by reduction 
with sodium amalgam and dilute acetic acid gives no colour under the same conditions. On 
hydrolysis with warm 20% hydrochloric acid the azomethine yielded 9-fluorenylamine (identified 
through the benzoyl derivative) and fluorenone (m. p. and mixed m. p. in each case). Fluorenyl- 
idene-9-fluorenylamine was also obtained as a by-product on repeating Schmidt and Stiitzel’s 
preparation (Ber., 1908, 41, 1243) of benzylidene-9-fluorenylamine. 

Isomerisation of «-Phenylethylidene-9-fluorenylamine.—The change was effected by warming 
the substance with 1-33N-alcoholic sodium ethoxide at 85° for 4 hours. The mixture of azo- 
methines obtained on pouring into water could not be directly separated, and they were therefore 
hydrolysed with warm 20% hydrochloric acid. In addition to 9-fluorenylamine and aceto- 
phenone, identified as already described, the product contained fluorenone (m. p. and mixed 
m. p.) and a-phenylethylamine [isolated as picrate, m. p. 187°, and identified through the 
benzoate, m. p. 141° (Found: C, 74-2; H, 6-9; N, 5-8. C,;H,,O,N requires C, 74-0; H, 7-0; 
N, 5:8%)]. The hydrolysis product also contained a small quantity of a red substance, the 
amount of which increased on increasing the time allowed for isomerisation. Attempts to 
prepare fluorenylidene-«-phenylethylamine by condensation of «-phenylethylamine with either 
fluorenone or 9 : 9-dichlorofluorene were unfruitful. 


Section 4. Exploratory Experiments on Methyleneazomethine Prototropic Systems derived 
from Benzhydrylamine. 


The experiments of the preceding section having shown that systems derived from 
9-fluorenylamine were insufficiently stable for the purpose in view, attention was directed 
to related derivatives of benzhydrylamine. It is shown below that these have the necessary 
stability and tautomeric mobility, although the examples examined, which are of the type 

Ar'Ar’CH-N:CAPR == ArArC:N-CHAPR 
do not exhibit unidirectional change. However, it had become clear frum contemporary 
work by Shoppee on methyleneazomethine equilibria in general (J., 1931, 1225, e¢ seq.), 
that an effectively unidirectional conversion was likely to be extremely difficult to realise, 
and it therefore now became our aim not to find a system with a one-sided equilibrium, but 
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to find one such that the basic hydrolysis products representing the equilibrium mixture 
could be formed and quantitatively separated without loss of optical activity. In the first 
of the several series of systems investigated, Ar! = Ar? = Ar? = PhandR=H. LaterR 
was changed to Me in order to give oneasymmetric centre, and Ar! was changed to p-MeC,H, 
or p-CIC,H, in order to provide the other, and in this way a system suitable for the proposed 
investigation was found. Incidentally, the opportunity was taken to measure the mobility 
and equilibrium of the system formulated below, which is completely balanced, excepting 
that a phenyl group at one end takes the place of a hydrogen atom at the other. The 
equilibrium proportions are indicated in parentheses : 
(43%) CHPh,"N:CPhH = = CPh,-N-CH,Ph (57%). 


Benzylidenebenzhydrylamine.—Benzhydrylamine was obtained (yield 90%) by a modification 
of Billon’s method (Compt. rend., 1923, 179, 1054; 1926, 182,470). Benzophenoneoxime (15 g.) 
and sodium (17 g.; cut into thin strips) were placed in a large flask under reflux and ethyl 
alcohol (130 c.c.) was quickly added. After removal of any unchanged sodium, water (15 c.c.) 
was added, and the alcohol removed ona water-bath. Aftera further addition of water, the 
base was extracted with ether, dried with potassium carbonate, and distilled. Preparation by 
the method of Busch and Leefhelm (J. pr. Chem., 1908, 77, 14) was unsatisfactory in our hands, 
but we obtained it by Gabriel’s method. Phthalobenzhydrylimide was obtained in yields up to 
40% by boiling for 4 hours a xylene solution of benzhydryl bromide with either potassium 
phthalimide or phthalimide in potassium carbonate. The xylene was removed by distillation 
in steam, and the substituted imide was isolated by crystallisation from glacial acetic acid and 
thus obtained as needles, m. p. 149—150° (Found: C, 80-7; H, 4:8; N, 4:7. C,,H,,O,N 
requires C, 80-5; H, 4-8; N, 45%), identical with the sample prepared from phthalic anhydride 
and benzhydrylamine. Attempts to prepare this substance from benzhydryl bromide with 
omission of the xylene led to the production of a large amount of tetraphenylethylene. The 
imide was converted into benzhydrylamine in almost quantitative yield by Ing and Manske’s 
method (J., 1926, 2348). Condensation of the amine with benzaldehyde proceeded with the 
evolution of heat in the absence of a solvent, and the product, crystallised from alcohol, had 
m. p. 101—102° (Michaelis, Ber., 1893, 26, 2169, records m. p. 98—99°). On hydrolysis with 
hydrochloric acid it yielded only benzhydrylamine and benzaldehyde. 

Benzhydrylidenebenzylamine.—This was prepared by heating a mixture of benzophenone 
dichloride and benzylamine at 100° for one hour. Ether and water were added, and the excess 
of benzylamine in the dried ethereal extract was removed by extraction with 2% acetic acid. 
The extract was subsequently washed with aqueous sodium carbonate, dried with anhydrous 
sodium acetate, and evaporated. The azomethine, crystallised from light petroleum, had m. p. 
60—61° (cf. Hantzsch and Hornbostel, Ber., 1897, 30, 3006), and on hydrolysis with warm dilute 
hydrochloric acid gave only benzophenone and benzylamine. 

Interconversion of Benzylidenebenzhydrylamine and Benzhydrylidenebenzylamine.—The two 
azomethines undergo smooth interconversion on being heated at 85° in 3% ethyl-alcoholic 
solution containing sodium ethoxide in 1-33N-concentration. The reaction can be stopped at 
any moment by the addition of water, and the mixed azomethines can be readily isolated without 
loss as a strictly binary mixture. The velocity and equilibrium constants of the reaction were 
therefore determined by thermal analysis. The fusion diagram was based on the following 
observations : 

Benzylidenebenzhydrylamine (%) ... O00 147 258 301 50°7 626 789 100-0 
TING Giudichisideiphcninnsennbecinietbuans * 60°9° 55°0° 51°3° 59°8° 779° 85:1° 92°7° 101°8° 
The corresponding points lie on a two-branch curve indicating a eutectic mixture, m. p. 50°, 
containing 25% of benzylidenebenzhydrylamine. The dynamical observations are contained 
in the following table. The m. p.’s are uncorrected, but were obtained by the method and with 
the apparatus used for the construction of the m. p. diagram. 


Benzylidenebenzhydrylamine = A; benzhydrylidenebenzylamine = B. 


Time k, +h, Time ky +k, Time hk, + kh, 
(mins.). M.p. A, %. (min.-). (mins.). M.p. A,%. (min). (mins.). M.p. A,%. (min.-4). 
Initially A. Initially B. 
0 101°8° 100 — 200 72°3 43 _— 0 60°9 0 — 
1 92°5 79 0-460 300 72°6 43 — 1 52°3 20 0°508 
3 82-1 57 0°468 430 72°5 43 —_ + 67°5 38 0°538 
5 75°1 47 0°531 600 72°4 43 — 255 72°4 43 — 
20 72°5 43 — 
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These results show that the equilibrium mixture contains 43% of benzylidenebenzhydrylamine, 
and that the unimolecular velocity coefficient (k, + ,) is 0-50 min.—. 
Benzhydrylidenebenzhydrylamine.—Condensation between benzhydrylamine and aromatic 
ketones could not be smoothly effected. For instance, with acetophenone at 180°, the principal 
product was an azomethine, m. p. 152°, which on hydrolysis with warm 2N-sulphuric acid yielded 
benzophenone (m. p. and mixed m. p.) and benzhydrylamine, identified as its benzoate (m. p. 
and mixed m. p. 158—159°). Benzhydrylidenebenzhydrylamine was obtained by heating benz- 
hydrylamine (3-5 mols.) with benzophenone chloride (1 mol.) at 100° for ten minutes. The product 
was treated with ether and water, and the benzhydrylamine was precipitated from the separated 
ethereal solution by passage of carbon dioxide, the azomethine being then obtained by evaporation 
of the ether. It crystallised from alcohol, light petroleum, or glacial acetic acid in prisms, m. p. 
152°, identical with the product of this m. p. obtained in the preceding experiment [Found : C, 
89-3; H, 5-8; N, 4-1; M (Rast), 304,326. C,,H,,N requires C, 89-9; H, 6-1; N, 40%; M, 347]. 
Benzhydrylidene-a-phenylethylamine.—a-Phenylethylamine could not be condensed with 
benzophenone, but reacted rapidly (3-5 mols.) at 140° with benzophenone chloride (1 mol.), and 
at 100° reaction was complete in 3 hours. The ethereal solution of the product was washed 
successively with water, 2% acetic acid, and aqueous sodium hydrogen carbonate, dried with 
sodium acetate, and evaporated. The benzylidene-a-phenylethylamine separated from light 
petroleum in prisms, m. p. 52°, very soluble in the usual organic solvents (Found: C, 88-3; 
H, 6-6; N, 5-1. C,,H,,N requires C, 88-4; H, 6-7; N, 4:9%). 
p-Methylbenzhydrylidene-a-phenylethylamine and its Isomerisation.—p-Methylbenzophenone 
chloride, prepared by Overton’s method (Ber., 1893, 26, 26), was condensed with «-phenylethyl- 
amine as described for the preceding example. The p-methylbenzhydrylidene-a-phenylethylamine, 
a very pale yellow-green oil, b. p. 198—201°/0-1 mm. (Found : C, 87-7; H, 7-1; N, 4-7. C,.H,,N 
requires C, 88-2; H, 7-1; N, 4-7%), could not be crystallised, but on acid hydrolysis yielded only 
p-methylbenzophenone and a-phenylethylamine. Isomerisation in the presence of 1-33N-ethyl- 
alcoholic sodium ethoxide at 85° for 54 hours yielded a mixture of azomethines, which on acid 
hydrolysis gave, in addition to p-methylbenzophenone and a-phenylethylamine, only a small 
amount of acetophenone and a less volatile amine. This result was taken to indicate a small 
speed of isomerisation, the alternative explanation of a one-sided equilibrium being rendered 
improbable by analogy, and accordingly in the next series of experiments the methyl group was 
replaced by a chlorine substituent, because this is expected on theoretical grounds to increase 
the rate of prototropic change. 
p-Chlorobenzhydrylidene-a-phenylethylamine and its Isomerisation.—p-Chlorobenzophenone, 
obtained (yield 86%) by Gomberg and Cone’s method (Ber., 1906, 39, 3278), b. p. 322—325°, 
m. p. 72—73° after crystallisation from alcohol, was converted by Overton’s method (loc. cit.) 
into the chloride, a colourless oil, b. p. 160°/1, 170°/2, 180°/3-5, 185—186°/4, 191—193°/13, 
196—199°/16, 203—206°/20, 207—209°/22 mm. (Found: Cl, 39-0. Calc.: Cl, 39-2%). Con- 
densation with a-phenylethylamine (3-5 mols.) was effected by heating the mixed reactants 
slowly to 100° and maintaining them at that temperature for 3 hours. The p-chlorobenz- 
hydrylidene-a-phenylethylamine isolated in the usual way had b. p. 195—-198°/0-05 mm. (Found : 
C, 78-9; H, 5-9; N, 4:7; Cl, 10-8. C,,H,,NCl requires C, 78-8; H, 5-7; N, 4-4; Cl, 11-1%). 
On hydrolysis with warm dilute sulphuric acid it yielded only p-chlorobenzophenone (m. p. and 
mixed m. p.) and a-phenylethylamine, [identified as the benzoate (Found: C, 74-2; H, 6-9; 
N, 5:8. Calc.: C, 74-0; H, 7-0; N, 5-8%)]. When this azomethine was heated for 8 hours at 
85° with 1-33N-ethyl-alcoholic sodium ethoxide a mixture of Schiff’s bases was obtained, which, 
on acid hydrolysis, yielded a mixture of ketones from which acetophenone, identified as the semi- 
carbazone (m. p. and mixed m. p.) was separated by distillation in steam. In other similar 
experiments -chlorobenzhydrylamine was isolated as its hydrochloride, m. p. 304—305° 
(decomp.) (see Section 5). Semiquantitative experiments showed that the equilibrium mixture 
contained approximately equal proportions of the two isomerides, and that half-conversion to 
equilibrium occurred in about two days under the conditions stated. The change was unaccom- 
panied by side reactions, even under prolonged treatment with the catalyst, and, since p-chloro- 
benzhydrylamine can readily be separated from a-phenylethylamine, the example appeared 
suitable for investigation with optically active materials. 


Section 5. Isomerisation of Optically Active p-Chlorobenzhydrylidene-a-phenylethylamine. 


Optical Resolution of «-Phenylethylamine.—In the earlier stages of this work the racemic 
base (Found for the benzoate: C, 74:2; H, 6-9; N, 5-8. Calc.: C, 74:0; H, 7-0; N, 58%) 
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was resolved with d-bromocamphorsulphonic acid by Kipping and Hunter’s method (J., 1903, 
83, 1148). The success of the resolution was found to depend largely on the different rates of 
crystallisation of the salts of the /- and the d/-base. The former separated from approximately 
0-5M aqueous solution at the ordinary temperature, in about 23% yield, as prismatic crystals 
during the first few hours, after which feathery crystals of the salt of the d/-base began to appear. 
The optically impure d-base was obtained from the mother-liquor. The first-mentioned salt, 
after two further crystallisations from water, had m. p. 206—207°, [«]}$5 62-1°; [a]}§3° 77-6° 
(c = 2-455 in water) (Kipping and Hunter record [«],43 62-8°). The free bases were liberated 
by the calculated amount of barium hydroxide, distilled in steam, collected in ether after the 
addition of potassium carbonate, and distilled under reduced pressure after drying over sodium. 
The optically pure /-base had b. p. 54°/1 mm. and «a — 22-92° (J = 50 mm., ¢ = 16-5°,A = 5461), 
and its benzoate had m. p. 163—163-5° (Found: C, 73-7; H, 7-2; N, 5-9. C,;H,;O,N requires 
C, 74:0; H, 7-0; N, 5-8%). Optically impure d-base, « 5-6—6-3° (1 = 50 mm., ¢= 19°,A= 
5461), was used in some of the experiments described below. The optically pure d-base was 
prepared by resolution with malic acid as described by Lovén (J. pr. Chem., 1905, 72, 310). 
The separated salt after one further crystallisation from water was optically pure and yielded an 
amine, b. p. 187°/760 mm., a + 22-22° (1 = 50 mm., ¢ = 17°, A = 5461). 

Formation and Hydrolysis of Optically Active p-Chlorobenzhydrylidene-a-phenylethylamine.—— 
These condensations were carried out as described for the d/-substance in Section 4. In the first 
series of experiments with optically impure d-base, the azomethine obtained had [«]2%, — 4:32°, 
(a]!%3, — 5:58° (c = 5-56 in ethyl alcohol), and a peculiar phenomenon was observed on hydrolys- 
ing this and similar samples by means of mineral acid, and recovering the «-phenylethylamine 
as a check on possible racemisation during the reactions involved. It was found that the amine 
recovered by hydrolysis of the azomethine frequently had a higher rotatory power than the 
amine originally condensed with the ketone chloride, the amine converted into hydrochloride 
during this condensation having a correspondingly lower rotatory power. The process uniformly 
employed in hydrolysing optically active samples of azomethines was to warm them on the 
water-bath for 15 minutes with distilled 20% hydrochloric acid. After extraction of the ketones 
by ether, the solution was saturated with potassium carbonate and the basic product, extracted 
with ether and dried with potassium carbonate, was distilled under reduced pressure. Details 
of the condensations with partly resolved «-phenylethylamine are recorded in the following table, 
col. 1 of which indicates the chronological order of the observations. Cols. 2 and 3 record the 
weights of amine and chloride used for condensation, and cols. 4, 7, and 10 show the rotations 
(x for 7 = 50 mm., A = 5461) of the original amine, the amine recovered from the hydrochloride 
formed in the condensation, and the amine recovered by hydrolysis of the azomethine, respec- 
tively. The temperatures corresponding to these observations are in cols. 5, 8, and 11. In 
some of the experiments optical uniformity was controlled by collecting the distilled base in 
several roughly equal fractions; the fractions polarimetrically examined are indicated in cols. 6, 
9, and 12. 














Amine from Amine from 
Reactants (g.). Original amine. hydrochloride. azomethine. 
No. Amine. Chloride. “a. Temp. F rac. ‘a. Temp. F rac. a. Temp. Frac. 
1 12 9 5°31° 19° — — — —_ 651° 20° — 
2 37 27 5°56 19 — 471° 20° — 8°64 20 — 
3 4 2°72 4°71 20 — (4°81 20 — 481 20 —)* 
4 10 5°4 4°71 20 -= 3°56 20 —_ 7°69 20 — 
‘ 502 =20 1 5°52 21 1 
mp 3B — -— = 507 20 2 538 621 2 
6 135 08 3°51 21 1 2°95 213 1 505 21:3 1 
3°50 21 3 2°93 2173 3 5°02 =. 21°7 2 
430 21 1 
7 75 8654 4°34 — _— 431 21 2 465 21 2 
4:24 21 3 
4:14 — 1 
448 20 3 
8 11 6 4°14 21 —_— 4:18 20°5 2 : , 
4°13 — 3 445 20:1 + 
. : 3°82 §=19°7 2 
9 7 5 = = 3} 388 205 3 463 20 2 
3°84 19°8 4 


* The whole of the reaction mixture was hydrolysed in this experiment. 


The phenomenon is shown particularly in observations 1, 2, 4, and 6, but it was not com- 
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certainty be reproduced. It is conceivably due to an asymmetric influence of an optically active 
solvent, the solvent in the present case being the optically active reagent present in excess; 
and the difficulty of reproduction may possibly be concerned with the circumstance that the 
reaction mixture becomes heterogeneous, the hydrochloride separating sometimes as crystals 
and sometimes as oily drops, which subsequently solidify. Unsuccessful attempts were made to 
trace the effect to an optically active impurity, and the result of one such test appears in the 
table, in that the amine of lower rotation recovered from Expt. 2 is used as the starting amine in 
Expts.3and 4. The phenomenon was, of course, not observed when optically pure «-phenylethyl- 
amine was employed in the condensation; for instance, a sample of d-base, having a + 22-2°, 
yielded an azomethine and a hydrochloride, from each of which an amine was recovered, having 
a -+ 22-2° (1 = 50 mm., ¢ = 17°, A = 5461). Similar results were obtained using the /-base, having 
a — 22-9° (1 = 50 mm., ¢ = 16-5°, A = 5461). The azomethine, prepared from the /-amine, 
was dextrorotatory and had [a]! 13-9°, [«J}§, 19-4° (1-932 g. in 25 c.c. ethyl-alcoholic solution). 

Isomerisation of Optically Active p-Chlorobenzhydrylidene-a-phenylethylamine.—The samples 
of optically active azomethine were treated for various lengths of time with boiling ethy]l- 
alcoholic sodium ethoxide. The mixed azomethines were isolated and hydrolysed as usual, and 
in the first series of experiments the basic hydrolysis products were distilled below 100° under 
reduced pressure to remove a-phenylethylamine. The residual p-chlorobenzhydrylamine was 
converted into its hydrochloride, which was crystallised once from water. The samples of 
recovered p-chlorobenzhydrylamine showed no appreciable optical activity; e.g., in an experi- 
ment in which the azomethine from optically pure /-amine was heated with ten parts of 1-45N- 
sodium ethoxide for 147-5 hours, the «-phenylethylamine recovered on hydrolysis had « — 17-4° 
(¢ = 50 mm., ¢ = 18°, = 5461), whilst the recovered p-chlorobenzhydrylamine had « — 0-014° 
(4 = 100 mm., ¢ = 18°, A = 5893) and «a — 0-01° (/ = 50 mm., ¢ = 18°, A = 5461). In view 
of the possibility that the crystallisation of the hydrochloride in these experiments might be 
purifying the racemic salt from an accompanying optically active isomeride, a second series of 
experiments was carried out in which the basic hydrolysis products of the converted azomethine 
were separated by fractional distillation only. For instance, the azomethine prepared from 
pure d-a-phenylethylamine, « + 22-22° (/ = 50 mm., ¢ = 17°, A = 5461), after treatment with 
1-33N-sodium ethoxide for 173 hours under the usual conditions and subsequent hydrolysis, 
gave a-phenylethylamine having b. p. 59°/0-2 mm. and a+ 15-2° (/ = 50 mm., ¢ = 18°, 
A = 5461), and p-chlorobenzhydrylamine having b. p. 149—150°/0-1 mm. and « — 0-018°, and 
after a further distillation « — 0-008° (/ = 50 mm., ¢ = 18°, A = 5461). It is shown later that 
the distillation of optically active p-chlorcbenzhydrylamine under these conditions causes no 
detectable racemisation. 

p-Chlorobenzhydrylamine.—A solution of hydroxylamine hydrochloride (210 g.) in water 
(420 c.c.) was added gradually to a well-cooled mixture of a solution of p-chlorobenzophenone 
(200 g.) in ethyl alcohol (2000 c.c.) with a solution of potassium hydroxide (510 g.) in water 
(420 c.c.). Atter the mixture has been kept for 20 hours at room temperature,water (4 1.) was 
added, and the oxime (yield quantitative) was precipitated with carbon dioxide, collected, 
washed, and dried. Zinc dust (120 g.) was added in small portions to a hot, mechanically stirred 
mixture, under reflux, of the oxime (100 g.), acetic acid (500 c.c.), and water (50 c.c.), the vigorous 
reaction caused by each addition being allowed to subside before the next addition was made. 
After the whole of the zinc had been introduced, heating (steam-bath) was continued for a 
further hour, and the mixture was then diluted with water (300 c.c.), cooled, and filtered. The 
residue was washed with a small amount of hot dilute acetic acid, and the combined filtrates 
were mixed with 2 vols. of concentrated hydrochloric acid. The mixture was kept below 0° 
for 24 hours, and the amine hydrochloride was collected, washed with cold concentrated hydro- 
chloric acid and with ether, and basified with ammonia. The p-chlorobenzhydrylamine, yield 
60—70%, was obtained as an oil, b. p. 161°/0-9 mm., 188—189°/13 mm., 193°/14-5 mm. (Found : 
C, 71-5; H, 5-6; N, 6-1; Cl, 16-7. C,,;H,,NCl requires C, 71-7; H, 5-6; N, 6-4; Cl, 16-3%), 
which, unlike benzhydrylamine, does not absorb carbon dioxide. The benzoate has m. p. 
163-5—164°, and the hydrochloride, which is sparingly soluble in cold concentrated hydrochloric 
acid and crystallises in needles from water or alcohol, had m. p. 304—305° (decomp.) (Found : 
C, 61-7; H, 5-2; N, 5-0; Cl, 28-1; ionic Cl, 13-4. C,,H,,NCI, requires C, 61-4; H, 5-2; N, 5-5; 
Cl, 27-9; ionic Cl, 13-9%). The ethereal washings from the hydrochloride obtained in the 
above preparation yielded an oil, which on rubbing with light petroleum deposited crystals; 
these on crystallisation from benzene gave slender needles, m. p. 132°, identified as aceto-p-chloro- 
benzhydrylamide by comparison with a specimen prepared from the amine in the usual way 
(Found: C, 69-7; H, 5-4; Cl, 13-7. C,;H,,ONCI requires C, 69-3; H, 5-4; Cl, 13-7%). 
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Optical Resolution of p-Chlorobenzhydrylamine.—Resolution of the di-base could not be 
effected through the d-«-bromocamphor-x-sulphonate, which crystallised from water or alcohol 
in rosettes of needles, m. p. 251° (Found: C, 52-5; H, 5-2. C,,H,,O,NCIBrS requires C, 52-2; 
H, 5-2%). Partial separation was obtained by means of the malates, which crystallised during 
5 days from a solution of the d/-base (113 g.) and /-malic acid (60 g.) in ethyl alcohol (31.). By 
further crystallisation from alcohol the salt was divided into a neutral l-malate, m. p. 171°, 
[aj2ig. — 540° (1 g. in 25 c.c. methyl alcohol) (Found : C, 62-9; H, 5-3; N, 4:4. CsgH390;N,Cl, 
requires C, 63°2; H, 5-3; N, 49%), and a hydrogen 1-malate, m. p. 160° (decomp.), [«]}%, + 0-46° 
(1 g. in 25 c.c. methyl alcohol) (Found: N, 3-8. C,,H,,0;NCl requires N, 4-0%). The free 
base recovered from the neutral salt had « + 0-43° (¢ = 19°), that from the acid salt had « — 0-20° 
(¢ = 19°), and that derived from the combined mother-liquors had « + 0°17° (¢ = 20°) (all/ = 50 
mm., A = 5461). These bases could be distilled without perceptible racemisation at temper- 
atures below 160° and reduced pressure. A better separation of the optical enantiomerides was 
obtained by the use of d-camphor-10-sulphonic acid (Loudon, this vol., p. 823). 1-p-Chlorobenz- 
hydrylamine d-bromocamphor-10-sulphonate, after 15 crystallisations from ethyl alcohol, had 
m. p. 218° (Found: C, 61:3; H, 6-2. C,,;H,gO,NCIS requires C, 61-5; H, 6-3%), and yielded 
l-p-chlorobenzhydrylamine having « — 1-95° (7 = 50 mm., ¢= 19°, A = 5461). Several 
further crystallisations of the salt raised the rotation of the base to a — 2-06° (J = 50 mm., 
i = 20°, A = 4561), which even then was probably not quite optically pure. The resolution 
shows, however, that the rotation of this base is at least 200 times the error of determination of 
null rotations. ; 

a-Phenylethylidene-p-chlorobenzhydrylamine and its Isomerisation.—The condensation be- 
tween acetophenone and ~-chlorobenzhydrylamine could not be effected at temperatures below 
those at which side reactions also take place, with the liberation of ionic chlorine. By determin- 
ations of the rate of appearance of ionic chlorine and of the proportions of azomethines simultane- 
ously produced (see below), it was ascertained that a product containing a high proportion of 
azomethine could best be obtained by heating the reagents in an open flask at 140° for 66 hours. 
The azomethine could not be satisfactorily purified by distillation and by washing with dilute * 
acetic acid, and the quantity present in the undistilled material obtained after removal of the 
reactants was therefore estimated. The crude reaction product was dissolved in ether, and 
washed successively with water, 3% acetic acid, and sodium hydrogen carbonate. The ethereal 
solution was dried with potassium carbonate and evaporated, and the residue was heated on 
the water-bath under a low pressure, in order to remove acetophenone. The weighed sample 
for analysis was first heated at 110°/0-1 mm. over phosphoric oxide, in order to remove the last 
traces of volatile impurities, and then dissolved in alcohol and precipitated with 2 : 4-dinitro- 
phenylhydrazine in alcoholic sulphuric acid (Brady, J., 1931, 756). The hydrazone, which was 
quite pure (m. p. 239°), was collected (Gooch), washed with alcohol, dried at 140°, and weighed. 
An allowance was made for its solubility in alcohol, 0-0058 g./100 c.c. at 20°. The samples 
examined contained 69—77% of the azomethine [Found : C, 78-5; H, 5-5; Cl, 11-7; M (Rast), 
278, 263. C,,H,,NCl requires C, 78-9; H, 5-9; Cl, 10-8%; M, 278], and were contaminated 
with unchanged -chlorobenzhydrylamine, since on acid hydrolysis in the usual manner this 
amine was obtained in excess of the quantity corresponding to the acetophenone. The azo- 
methine was heated at 85° for 168 hours with 1-33N-ethyl-alcoholic sodium ethoxide, and the 
product was isolated and hydrolysed with hydrochloric acid as usual. The basic hydrolysis 
products on distillation yielded «-phenylethylamine, b. p. 80°/18 mm. (benzoate, m. p. and mixed 
m. p. 141°), and p-chlorobenzhydrylamine, b. p. 150°/0-12 mm. (Found: C, 71-1; H, 5-5; Cl, 
15-8. Calc.: C, 71-7; H, 5-6; Cl, 16-3%), whilst the neutral products yielded p-chlorobenzo- 
phenone (m. p. and mixed m. p. 72—73°) and acetophenone. When the condensation between 
acetophenone and p-chlorobenzhydrylamine was repeated with the optically active form of that 
base, considerable racemisation occurred, so that less meaning attaches to the null rotation shown 
by the a-phenylethylamine obtained by isomerisation and subsequent hydrolysis than to the 
similar result of the analogous experiment with p-chlorobenzhydrylidene-«-phenylethylamine. 


We thank the Chemical Society for a grant. 
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356. The Attempted Resolution of Some Substituted Disulphonylmethanes 
and the Resolution of a-p-Carboxyphenylsulphonyl-a-p-tolylthioethane. 
By F. Barry KIppinc. 


Or the two formule for the acidic ion of the salt of a disulphone, R*SO,-CHR’SO,°R”, 
formula (A) is discarded by Shriner, Struck, and Jorison (J. Amer. Chem. Soc., 1930, 52, 
2060) on the ground that the sulphur atom cannot share ten electrons, and a similar con- 
clusion as to the non-enolisation of the sulphone group is drawn by Arndt and Martius 
(Annalen, 1932, 499, 223) from a consideration of the chemical properties of such compounds. 

If, now, the sulphone contains a central asymmetric carbon group and is optically 
active, salt-formation leading to (A) must cause complete loss of optical activity: the 
ion (B), however, should retain its activity, at any rate to some extent. 


oO: 0: 
(A) | XC 3S2R” X:C:S:R”| B&B 
R’:0: R’:0: 


Attempts to resolve the acidic trisulphonylmethanes, R*SO,°CH(SO,°R’):SO,°R”, have 
been made by Gibson (J., 1931, 2637) without success, and Ashley and Shriner (J. Amer. 
Chem. Soc., 1932, 54, 4410) have shown that ethyl /-«-phenylsulphonylbutyrate, 
Ph-SO,°CHEt-CO,Et, yields an optically inactive sodium salt: in the latter case, as the 
authors themselves point out, the evidence is inconclusive in that enolisation of the carb- 
ethoxy-group may occur. 

It seemed essential, therefore, to prepare di- or tri-sulphones of the above type which 
satisfy two further conditions: (1) there must be no hydrogen atoms in the groups R 
and R” which can account for salt-formation, that is to say, the hydrogen atom attached 
to the carbon atom between the two sulphone groups must be the only one which is capable 
of being displaced by an alkali metal; (2) as the disulphones are not strongly acidic, there 
must be a salt-forming group elsewhere in the molecule, which can be destroyed or rendered 
neutral after resolution has been effected. These conditions seem to be best satisfied by 
R = ~-C,H,CO,H and R” = phenyl or tolyl, the carboxyl group being used for the 
resolution and then esterified. 

Two compounds of this type were therefore prepared by the following series of reactions. 
Ethyl p-mercaptobenzoate was condensed with chloroacetone, and the product oxidised : 
the resulting p-carbethoxyphenylsulphonylacetone (I) reacted easily with benzyl iodide and 
sodium ethoxide, giving (II), but the introduction of the #-tolylthio-group into this sub- 
stance (Brooker and Smiles, J., 1926, 1723; Gibson, Joc. cit.) with di-p-tolyl disulphoxide 
and sodium ethoxide could not be effected. 

The sulphonylacetone (I), however, reacted easily with di-f-tolyl disulphoxide, giving 
a mixture of (III) and (IV), and under suitable conditions, a good yield of (III); altern- 
atively, the mixture of (III) and (IV) could be hydrolysed to the acid corresponding to 


CO,Et COMe ee COMe 
CqHy SO, CHCS.¢,34, <— COEtCeHy'$0yCHyCOMe —> CyHyS0yCH< Crp 


(II.) CO,Et-C,H,SO,°CH,*S-C,H, 


¢0,H CH,Ph ¢0,H SPh 
CoHySOyCH< 6650 <— CO,Et-CyHy'SO,-CHy'S0y'C Hy > CgHy'S0yCH< 66 1c 57, 


(VI.) (V.) (VII.) 


(III). The disulphone (V) was then readily obtained by oxidation. Condensation of 
(V) with benzyl iodide in the presence of sodium ethoxide gave a good yield of the ester 
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of (VI), from which the acid was easily obtained. All attempts to resolve this acid failed, 
as those salts which were obtained crystalline could not be separated into diastereoisomeric 
forms. The disulphone (V) was therefore condensed with diphenyl disulphoxide, and the 
acid (VII) obtained by hydrolysis. Here again resolution could not be effected. 

It seemed possible that the difficulty of obtaining an optically active substituted 
disulphonylmethane might be overcome by the resolution of a sulphonylarylthiomethane, 
R°SO,°CHR”*SAr, followed by the oxidation of it to the disulphone. Ethyl p-mercapto- 
benzoate was therefore condensed with bromoethyl methyl ketone and the product was 
oxidised without being isolated : a good yield of «-p-carbethoxyphenylsulphonylethyl methyl 
ketone (VIII) was thus obtained. Condensation of the sodium derivative of (VIII) with 
di-p-tolyl disulphoxide, followed by hydrolysis, furnished the required dl-«-p-carboxy- 
phenylsulphonyl-«-p-tolylthioethane (IX), the acetyl group being eliminated during either 
condensation or hydrolysis : 


(VIII) CO,Et-C,H,SO,-CHMe-COMe —> CO,H’C,H,’SO,°CHMe’S’C,H, (IX) 
| 


Y 
(XL) CO,H-C,H,'SO,*CHMe-SMe CO,H-C,H,*SO,*CHMeSO,'C,H, (X-) 


The dl-acid (IX) was resolved into its optically active components by the crystallisation 
of its quinine or /-menthylamine salt, but the active forms were most easily obtained in 
quantity by the half-equivalent method using the latter base. The optically active acid 
was stable in the presence of acids, could be crystallised from acetic acid, and converted 
into its esters with the aid of hydrogen chloride: in faintly alkaline solution, however, 
fairly rapid racemisation occurred. The acid was therefore oxidised to the disulphone 
in acetic acid solution both with potassium permanganate and with hydrogen peroxide, 
but an optically inactive product was obtained: the optically active methyl ester also 
gave an inactive disulphonyl ester when oxidised in a similar manner. 

The resolution of «-p-carboxyphenylsulphonyl-«-p-tolylsulphonylethane (X) failed in 
the case of five salts with optically active bases. 

In view of the difficulty of obtaining crystalline salts of the disulphonyl acids with 
many alkaloids, it was considered possible that a decrease in the molecular weight of the 
acid might favour crystallisation. By the condensation of (VIII) with methyl £-toluene- 
thiosulphonate, followed by hydrolysis, «-p-carboxyphenylsulphonyl-a«-methylthioethane 
(XI) was obtained and, by oxidation, the corresponding disulphonyl compound. No 
improvement in crystallising power of the salts was, however, found and neither of the 
last two compounds could be resolved. 


EXPERIMENTAL. 


The disulphoxides were prepared by warming aqueous solutions of the corresponding sul- 
phinic acids, obtained from the sulphonyl chlorides by reduction with sodium sulphite or zinc 
dust and water, with a few drops of sulphuric acid and hydriodic acid (Smiles and Gibson, J., 
1924, 125, 179). 

Ethyl p-Mercaptobenzoate.—p-Mercaptobenzoic acid (90 g.) (p-thiolbenzoic acid; J., 1922, 
121, 2022) was esterified with boiling alcohol (600 c.c.) and hydrogen chloride until complete 
solution had occurred : most of the alcohol was removed, and the residue poured on ice. The 
oil produced was extracted and washed (sodium bicarbonate) in ether and distilled in an atmo- 
sphere of nitrogen. Ethyl p-mercaptobenzoate (68 g.) had b. p. 162—164°/22 mm. and 275° 
(slight decomp.) /atmospheric pressure (Found: C, 58-6; H, 5-2. C,H O,S requires C, 59-3; 
H, 54%). In some preparations an ester, which crystallised from alcohol in colourless needles, 
m, p. 65—66°, was obtained (Found: C, 60-3; H, 4-6; S, 17-4. C,,H,,0,S, requires C, 59-7; 
H, 5-0; S, 17-7%). The same ester was formed by the oxidation of ethyl p-mercaptobenzoate 
with iodine in alcoholic solution and it is therefore bis-p-carbethoxyphenyl disulphide : the cor- 
responding acid is doubtless an impurity in the p-mercaptobenzoic acid. Hot alcoholic solu- 
tions of this ester are yellow, but the colour is lost on cooling. 

p-Carbethoxyphenylthioacetone, CO,Et*C.H,°S*CH,*COMe.—Monochloroacetone (1 mol.) was 
gradually added to an alcoholic solution of the sodium derivative of ethyl p-mercaptobenzoate 
(1 mol.) : sodium chloride separated at once, and, after pouring into water, the precipitated 
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solid was crystallised from alcohol. It had m. p. 53—54° (Found: C, 60-5; H, 5-9; S, 13-7. 
CygH,,0,5 requires C, 60-5; H, 5-9; S, 13-5%). 

p-Carbethoxyphenylsulphonylacetone (I).—A solution of the thioacetone (54-5 g.) in carbon 
tetrachloride was shaken with dilute sulphuric acid (50 c.c. of concentrated acid) while potassium 
permanganate (42-5 g.) was gradually added; the product was poured into sulphurous acid 
to dissolve manganese dioxide. The sulphone crystallised from alcohol in colourless plates 
(46 g.), m. p. 88° (Found: C, 53-6; H, 5-5; S, 12-3. C,,H,O,S requires C, 53-3; H, 5-2; 
S, 11-9%). It yielded a sodium salt with sodium ethoxide (Found: Na, 7-5. C,,H,;0;SNa 
requires Na, 7-°9%). The methylation of this sulphone gave oily products which were probably 
mixtures. 

a-p-Carbethoxyphenylsulphonyl-a-benzylacetone (II) was prepared by the condensation of 
the above sodium salt with benzyl iodide in alcoholic solution : after evaporation of the alcohol, 
addition of water gave an oil, which solidified after some days and then crystallised from alcohol 
in small needles, m. p. 104° (Found : C, 63-2; H, 5-65. C,,H,,O0,S requires C, 63-3; H, 5-55%). 
This ester was hydrolysed with sodium hydroxide, and the acid, «-p-carboxyphenylsulphony]l-8- 
phenylethane, CO,H*C,H,*SO,°CH,°CH,Ph, precipitated with hydrochloric acid; it crystallised 
from acetic acid in bunches of needles, m. p. 232—233°, and gave an ethyl ester, m. p. 77—78° 
(Found: C, 64-4; H, 5-9. C,,H,,0,S requires C, 64-2; H, 5-7%). 

Condensation of p-Carbethoxyphenylsulphonylacetone (1) with Di-p-tolyl Disulphoxide.—The 
two substances (1 mol. of each) were boiled in alcohol with sodium ethoxide (1 mol.) until the 
solution was neutral: after evaporation of the alcohol, the oily residue was washed with water. 
The resulting p-carbethoxyphenylsulphonyl-p-tolylihiomethane (III) crystallised from alcohol in 
plates, m. p. 121° (Found: C, 58-1; H, 5-1; S, 18-0. C,,H,,0,S, requires C, 58-3; H, 5-15; 
S, 18:-3%). From the alcoholic mother-liquor a much more soluble compound, «-p-carbethoxy- 
phenylsulphonyl-a-p-tolylthioacetone (IV), was isolated, which, after repeated crystallisations 
from alcohol and light petroleum, formed fine needles, m. p. 86—87° (Found: C, 57-9; H, 
5-1; S, 16-25. Cy H,O,;S, requires C, 58-1; H, 5-1; S, 16-3%). (III) and (IV) are difficult 
to separate and the yields are poor, but if the reactants are boiled for a longer time (7 hours) 
the amount of (III) produced is much increased and it separates at once from the cooled mixture 
and may be obtained in about 80% yield, or the whole of the oily reaction product, obtained 
by pouring into water, may be hydrolysed with alkali, and the acid (below) obtained. (IV) 
gave a transitory yellow colour with warm dilute sodium hydroxide solution and dissolved 
rapidly; (III), on the other hand, dissolved slowly with no colour: -carboxyphenylsulphonyl- 
p-tolylthiomethane was precipitated from both solutions on acidification, and from the filtrate 
in the former case acetic acid was isolated. 

p-Carboxyphenylsulphonyl-p-tolylihiomethane crystallises from glacial or dilute acetic 
acid in colourless needles, m. p. 205—206° (Found: C, 55-4; H, 4-4. C,;H,,0,S, requires 
C, 55-8; H, 435%). The sodium salt crystallises from water in needles (Found: Na, 6-6. 
C,;H,,0,S,Na requires Na, 6-7%). The ethyl ester, obtained with alcohol and hydrogen 
chloride, was identical with (III), thus providing the final proof of the constitutions of (III) 
and (IV). 

p-Carboxyphenylsulphonyl-p-tolylsulphonylmethane (as V).—The preceding acid (1 mol.) 
was oxidised in acetic acid by the gradual addition of potassium permanganate (1-33 mols.) 
during about 8 hours, and the product poured into sulphurous acid. The precipitated acid 
crystallised from acetic acid in small prisms, m. p. 240—242° (Found: C, 50-6; H, 4-0. 
C,5H,,0,S, requires C, 50-8; H, 40%). The ethyl ester (V), prepared in good yield in a similar 
manner from (III), or from the acid, crystallised from alcohol in small needles, m. p. 147-5° 
(Found: C, 53-3; H, 4:7. C,,H,,0,S, requires C, 53-3; H, 4-7%), very easily soluble in 
acetone, sparingly in alcohol, and almost insoluble in light petroleum; it gave a solid sodium 
salt with sodium ethoxide. 

p-Carboxyphenylsulphonyl-p-tolylsulphonylbenzylmethane (VI).—The ester (V) (1 mol.) was 
added to an alcoholic solution of sodium ethoxide (1 mol.). Immediate precipitation of the 
sodium salt took place, and a solution of benzy] iodide (1 mol.) in alcohol was then slowly added : 
the sodium salt dissolved rapidly and after being heated during } hour the solution was neutral. 
On cooling, crystals, m. p. 116—117°, separated, which after recrystallisation from alcohol 
proved to be the pure ethy/ ester of (VI), m. p. 118—119° (yield, 80%) (Found: C, 61-3; H, 
5-4; S, 14:0. C,,H,,O,S, requires C, 61-0; H, 5-1; S, 13-6%). 

The acid (VI), obtained by hydrolysis of the ester with alkali, crystallised from acetic acid 
in needles, m. p. 185—186° (Found: C, 59-3; H, 4-7; S, 14-5. C,H, O,S, requires C, 59-4; 
H, 4:5; S, 14-4%). 
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Salts of the Acid (V1) with Optically Active Bases.—The final fraction of each salt was dis- 
solved in acetic acid, and the acid (VI) precipitated by the addition of water and examined in 
chloroform solution : no activity was detected in any case. The following salts were examined : 
quinine, m. p. 215°, [«]52g9 — 115°, [a]s4¢, — 132° in chloroform (c = 1-3); nor-d--ephedrine, 
m. p. 115—118° ; 1-menthylamine, m. p. 214—215° (Found : C, 64-4; H, 7-1. CygHggO¢Se,Cyg9H2N 
requires C, 64-2; H, 6-85%); d-sec.-butylamine, m. p. 205—207°; cinchonidine, [«]57g5 — 66°, 
(%]s4e1 — 75° in chloroform (¢ = 1-0); J/-phenylethylamine, m. p. 186°. Salts with brucine, 
cinchonine, strychnine, and morphine could not be obtained crystalline. 

p-Carboxyphenylsulphonyl-p-tolylsulphonylphenylthiomethane (VII).—The disulphone (V), 
sodium ethoxide, and dipheny] disulphoxide in equimolecular proportions were boiled in alcoholic 
solution : after evaporation of the alcohol, the semi-solid residue was washed with water and 
warmed with alkali, and the acid precipitated with hydrochloric acid. It crystallised from 
acetic acid in prisms, m. p. 212° (Found: C, 54-5; H, 4:2; S, 20-8. C,,H,,0,5, requires 
C, 54-6; H, 3-9; S, 20-8%). The ethyl ester had m. p. 126—127°. 

The quinine salt, m. p. 209—210°, [a]52g9 — 111-5°, [«]54¢, — 127° in chloroform (¢ = 1-2), 
and the /-menthylamine salt, m. p. 184—185°, [«];44, = — 10-7° in chloroform (¢ = 1-07), both 
appeared homogeneous and the recovered acid was optically inactive. The /-phenylethylamine, 
brucine, cinchonine, morphine, and strychnine salts could not be obtained crystalline. 

a-p-Carbethoxyphenylsulphonylethyl Methyl Ketone (VIII).—To a solution of ethyl p-mercapto- 
benzoate (38 g.) in an alcoholic solution of sodium ethoxide (1 mol.), «-bromoethyl methyl 
ketone (31-5 g.) was slowly added: sodium bromide separated at once. After evaporation 
of most of the alcohol, the residual oil was washed with water, dissolved in carbon tetrachloride, 
and shaken with dilute sulphuric acid (40 c.c. of concentrated acid) during the gradual addition 
of permanganate (45 g.). The precipitated manganese dioxide was destroyed with sulphurous 
acid, the carbon tetrachloride layer separated and dried, and the solvent evaporated. The 
residual oil crystallised from alcohol; m. p. 66—67° (45°5 g.; 77% of the theoretical) (Found : 
C, 54°6, 55°2; H, 5°8, 5°9. C,,;H,,0;S requires C, 54:9; H, 5°65%). 

dl-«-p-Carboxyphenylsulphonyl-a-p-tolylthioethane (IX).—The sulphonyl ketone (VIII) gave 
with a solution of sodium ethoxide (1 mol.) a yellow colour which was almost instantly destroyed 
by the addition of di-p-tolyl disulphoxide (1 mol.), giving a neutral solution: after evaporation 
of most of the solvent, the residual oil was washed with water, dissolved in alcohol, and boiled 
for a few minutes with rather more than 1 mol. of dilute aqueous alkali. The alkaline solution 
was poured into excess of dilute acid; the precipitated solid crystallised from acetic acid in 
prisms, m. p. 168—169° (Found: C, 56°9, 57°5, 57°0; H, 4:9, 4°5, 4°9. C,,H,,0,S, requires 
C, 57°2; H, 475%); yield, 85%. The dl-ethyl ester of (IX) crystallised from alcohol in small 
prisms, m. p. 72° (Found: C, 59°75; H, 5°5. Cy ,gH,, O,S, requires C, 59°4; H, 5°5%), and the 
dl-methyl ester from methy] alcohol in prisms, m. p. 112—113°. The dl-acid chloride crystallised 
from light petroleum (b. p. 60—80°) in needles, m. p. 83—84° (Found: C, 54°35; H, 4°3. 
C,,H,,0,CIS, requires C, 54°2; H, 4°2%). 

Resolution of dl-«-p-Carboxyphenylsulphonyl-a-p-tolylthioethane (IX).—The 1-menthylamine 
salt was precipitated when aqueous solutions of equivalent proportions of the sodium salt of 
the acid and the hydrochloride of the base were mixed. After one recrystallisation from 50% 
alcohol, it had m. p. 175—185° (Found: C, 63°7, 63°9; H, 6°5, 7:1. Cy gH ¢0,S2,C,;9H.,N 
requires C, 63°7; H, 7°5%). [«]54g, — 2°21° in chloroform (¢ = 0°9). The salt was then crystal- 
lised five times from aqueous alcohol and four times from alcohol, from which it finally separated 
in long fine needles, m. p. 199—202° (Found: C, 63°8, 64:2; H, 7°3, 775%). [a]sa¢1 + 57°0° 
in chloroform (¢ = 1:2). 

The acid liberated from the last fraction by solution of the salt in acetic acid and addition 
of water had m. p. 160°, and [a],4,, + 130° in chloroform (c = 0°55). 

The resolution can be simplified by dissolving /-menthylamine hydrochloride (1 equiv.) and 
the sodium salt of the acid (2 equivs.) in 50% aqueous alcohol and seeding the solution with 
the pure /BdA salt described above. When crystallisation is complete, the deposit is recrystal- 
lised once from alcohol, and the acid isolated from it. The crude d-acid is dissolved in acetic 
acid, the solution seeded with the di-acid and kept until no further crystallisation occurs. 
After filtration, the filtrate is precipitated with water, and the d-acid collected, [a] 54g, = + 130°. 
From the original mother-liquor the crude /-acid is liberated, and purified with acetic acid, 
[%] 5461 = — 126°. The dl-acid is practically insoluble in cold acetic acid, but the active isomerides 
are moderately readily soluble. 

The active acid racemises in faintly alkaline solution : a sample ([«] 54g, + 122° in chloroform), 
dissolved in sodium hydroxide solution (1 equiv.), showed a half-life period of about 10 hours, 
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whereas a similar sample in aqueous ammonia had a half-life period of about 60 hours at the 
ordinary temperature, The acid can also be resolved with the aid of its quinine salt, which 
after repeated crystallisation from alcohol finally separates in prisms, m. p. 180—181°, [«]5,,, 
— 100° in chloroform (¢ = 0°6). The acid from this salt gave [a],¢g, + 112° in chloroform. 

The d- and the l-methyl ester, prepared by the hydrogen chloride method, crystallised from 
methyl alcohol in long stout needles or elongated prisms, m. p. 131—132° (Found: C, 58-7, 
58°6; H, 5:0, 5°35; S, 18°0, 17°9. C,,H,,0,S, requires C, 58°4; H, 5°15; S, 18°3%). These 
esters are much less soluble in methyl alcohol than the di-ester and may be readily separated 
from small quantities of the latter. [a]57.9 + 114°, [«] 546, + 134°, and [a],54g, — 132° in chloro- 
form (c = 1025). The d-ethyl ester had m. p. 44—45°. The d-acid chloride crystallised from 
petroleum (b. p. 80—100°) in plates, m. p. 101—102° (Found: C, 54°6; H, 4°4. C,,H,,0,CIS, 
requires C, 54°2; H, 4°2%), [a]sa¢, + 145° in chloroform (c = 1°31). 

a-p-Carboxyphenylsulphonyl-a-p-tolylsulphonylethane (X).—The dl-acid (IX) was oxidised 
in acetic acid solution with 100-volume hydrogen peroxide at 50—60° during 3} hours. The 
disulphonyl-ethane (X), crystallised from acetic acid, had m. p. 233—234° (Found: C, 52:2, 
52°4; H, 4°7, 4°6. C,,H,,0O,S, requires C, 52°2; H, 4°4%). 

The ethyl ester, prepared both from the acid and by the oxidation of the ester of (IX) with 
permanganate in acetic acid solution during 7 hours, crystallised from alcohol in small needles, 
m. p. 120—121° (Found: C, 54:9; H, 4:9. C,,H,,O,S, requires C, 54°5; H, 5°0%). It was 
also isolated in small yield by the fractionation from alcohol of the product of methylation 
of (V). The methyl ester crystallised from methyl alcohol in small prisms, m. p. 141°. 

Oxidation of the optically active acid and its methyl ester in acetic acid solution with per- 
manganate or hydrogen peroxide gave inactive products in all cases. 

Salts of the Acid (X) with Optically Active Bases.—In all the following cases the acid obtained 
from the final fraction of each salt was inactive. The quinine salt had m. p. 211—212° and was 
so sparingly soluble in cold solvents that rotations could not be determined. The /-menthyl- 
amine salt had m. p. 187—191°, [a] 54g, — 18°6° in alcohol (¢ = 1°5); the cinchonidine salt, m. p. 
177—178°, [«] 5461 — 85°5° in chloroform (c = 1°08); /-hydroxyhydrindamine salt, m. p. 208— 
210°, [a]sae1 — 72° in acetone (c = 0°84); /-phenylethylamine salt, m. p. 214—215°. Salts 
with brucine, cinchonine, morphine, d-sec.-butylamine, and nor-d-J-ephedrine could not be 
obtained crystalline. 

a-p-Carboxyphenylsulphonyl-a-methylthioethane (XI).—An alcoholic solution of the sodium 
derivative of (VIII) (1 mol.) was warmed with methyl ~-toluenethiosulphonate (J., 1931, 2640) 
(1 mol.) until it was neutral (5 mins.) : aqueous sodium hydroxide (1°25 mols.) was then added, 
and boiling continued until dilution with water produced no precipitate. The acid (XI), isolated 
by pouring the solution into dilute hydrochloric acid, crystallised from alcohol in needles, 
m. p. 185° (decomp.) (Found: C, 46°3; H, 4°8. C, 9H,,0,S, requires C, 46:2; H, 4°6%). 

a-p-Carboxyphenylsulphonyl-a-methylsulphonylethane was readily prepared by the oxidation 
of (XI) in acetic acid with permanganate at 30°. Crystallised from alcohol, it had m. p. 273° 
(Found: C, 41°4; H, 44. C,9H,,0,S, requires C, 41:1; H, 4°1%). 

Salis of (XI).—The recovered acid was invariably optically inactive. The /-hydroxy- 
hydrindamine salt had m. p. 194° (decomp.), [«]54g, — 91° in acetone (c = 0°6); strychnine 
salt, m. p. 234° (decomp.), [«]54g; — 10°3° in chloroform (c = 0°63); /-menthylamine salt, m. p. 
174—177°, [&] 5461 — 21°0° in alcohol (¢ = 0°76) ; quinine salt, m. p. 217°, [«] 54g, — 160° in chloro- 
form (¢ = 1°3). Salts with brucine, cinchonine, and cinchonidine could not be obtained 
crystalline. 

Salis of a-p-Carboxyphenylsulphonyl-a-methylsulphonylethane.—The acid recovered from 
the final fraction was inactive in each case. The d-hydroxyhydrindamine salt had m. p. 186— 
187°, [a] 5461 + 85° in acetone (c = 0°7); quinine salt, m. p. 165—167°, [a]54¢, — 94°5° in chloro- 
form (¢ = 0°51); /-phenylethylamine salt, m. p. 195—198°; cinchonidine salt, m. p. 183—184°, 
[] sae, — 78°7° in alcohol (c = 1°53); /-menthylamine salt, m. p. 189—190°, [x],4,, — 18°3° 
in alcohol (¢ = 2°26). Salts with brucine, morphine, nor-d-y-ephedrine, and quinidine could 
not be crystallised. 


THE UNIVERSITY CHEMICAL LABORATORY, CAMBRIDGE. [Received, September 12th, 1933.] 
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357. Derivatives of 1-Methyltropane. 


By B. K. BLount and RoBEerT ROBINSON. 












































THE succindialdehyde—tropinone synthesis does not succeed when the dialdehyde is replaced 
by a diketone such as acetonylacetone: the only product isolated in an attempted con- 
densation with calcium acetonedicarboxylate and methylamine was 1 : 2: 5-trimethyl- 
pyrrole. On the other hand, we have now found that a typical keto-aldehyde, namely, 
levulinaldehyde, may be used for the synthesis of a homologue (I) of tropinone according 
to the scheme :— 


OMe CH,CO-O //Me—CHCO-0 //Me—CH 
HG NH,M HY hte ¢ | Hay \ 
Me O "Westies NMe CO Ca—~* Me CO (1) 
CHO CH,CO-O CH—CH-CO: H—CH, 


Unlike tropinone itself, y-pelletierine and other bases of this type, the new methyl- 
tropinone does not yield characteristic diarylidene derivatives. Undoubtedly this is due 
to the influence of the methyl group on the neighbouring keto-methylene system and a 
close analogy is available in the observation that 3-methylcyclohexanone affords only a 
monobenzylidene derivative with facility (Ruzicka, Helv. Chim. Acta, 1926, 9,101. Com- 
pare Borsche and Frank, Ber., 1924, 57, 1373, for the similar behaviour of dehydrocholic 
acid, and Gulland, J., 1928, 702, in connexion with hindrance phenomena in the morphine 
group). The methyltropinone has been converted into the corresponding 1-methyl- 
p-tropine and its benzoate (methyltropacocaine). The pharmacological properties of the 
latter are being examined by Professor Gunn and a colleague of the University Department 
of Pharmacology. 

An application of Criegee’s lead tetra-acetate method of oxidation to the glycol derived 
from methylheptenone has led to an improvement in the preparation of levulinaldehyde. 


EXPERIMENTAL. 


Lavulinaldehyde.—Lead tetra-acetate (22-2 g.) was added gradually during 15 minutes to 
methylheptenone glycol (Harries, Ber., 1902, 35, 1181) (8 g.) in dry benzene (40 c.c.) kept below 
40°. After 10 minutes, the lead acetate which had separated was collected, the benzene evapor- 
ated in a vacuum, and the residual oil distilled. The fraction, b. p. 45—85°/15 mm. (5-0 g.), 
was used in the next stage. 

1-Methyltropinone.—Crude levulinaldehyde (5 g.) in water (30 c.c.) was added to a solution 
of calcium acetonedicarboxylate (from 15 g. of the acid, 17 g. of precipitated chalk, and 100 c.c. 
of water), and aqueous methylamine (50 c.c. of 33%) dropped in with stirring during 30 minutes. 
After 24 hours the basic material was isolated in the manner previously described (Blount and 
Robinson, J., 1932, 1429), dissolved in acetone (10 c.c.), and mixed with a solution of picric acid 
(10 g.) in the same solvent (10c.c.). The picrate separated at once, and a further small quantity 
was obtained from the mother-liquor (total yield, 12-5 g.; 65%, calculated on the methyl- 
heptenone glycol used). JRecrystallisation from water afforded yellow needles (8 g.), m. p. 201° 
(decomp.) (Found : C, 47-2; H, 4-8; N, 14-7. C,s5H,,0,N, requires C, 47-1; H, 4-7; N, 14-7%). 

1-Methyliropinone, regenerated from the picrate, was obtained as a colourless oil, b. p. 
124°/27 mm. (Found: C, 70-3; H, 9-9; N, 9-0. C,H,,;ON requires C, 70-6; H, 9-8; N, 91%). 
In moist air this base forms a crystalline hydrate, which liquefies when kept in a desiccator. 

The methiodide crystallised from water in cube-like crystals, m. p. 273° to 282° (decomp.) 
according to the rate of heating (Found: C, 40-9; H, 6-0; I, 43-5. C,9H,,ONI requires C, 
40-7; H, 6-1; I, 43-1%). 

Attempts to prepare a dipiperonylidene derivative in the usual way were unsuccessful, The 
product was an orange-coloured resin, which gave the colour reactions of a monopiperonylidene 
derivative. 

1-Methyl-J-tropine.—Methyltropinone, from the recrystallised picrate (7 g.), was reduced 
by means of sodium (10 g.) and #-butyl alcohol (150 c.c.). After acidification and removal of 
the butyl alcohol in steam, the base was extracted and distilled, b. p. 138°/15 mm. It solidified 
on cooling, and crystallisation from petroleum (b. p. 60—80°) furnished pure 1-methyl-J-tropine, 
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. p. 71° (Found: C, 69-3; H, 11-2; N, 8-6. C,H,,ON requires C, 69-7; H, 11-0; N, 9-0%) 
(yield, 1-6 g. or 56%). 

In another experiment 11 g. of unrecrystallised picrate yielded 3-1 g. of distilled and 2-4 g, 
of recrystallised 1-methyl-J-tropine (54%). 

1-Methyl--tropine picrate, prepared in alcohol, formed small yellow prisms, which exploded 
at 280°, after previous discoloration (Found: C, 47-1; H, 5-1; N, 14:7. C,;HjO,N, requires 
C, 46-9; H, 5-2; N, 146%). 

1-Methyl--tropine hydrobromide crystallised from alcohol, on addition of ether, in rhombo- 
hedra approximating to cubes, m. p. 286° (decomp.) (Found: C, 45-8; H, 7-4; Br, 33-9. 
C,H,,ONBr requires C, 45-7; H, 7-6; Br, 33-9%). 

Benzoyl 1-Methyl-J-tropine (Methyltropacocaine)—A mixture of 1-methyl-y-tropine 
(1-5 g.), water (0-5 c.c.), and benzoic anhydride (3 g.) was gently refluxed for 4 hours, during 
which time a further quantity (5 g.) of benzoic anhydride was gradually added. The product 
was dissolved in ether and dilute hydrochloric acid, and the aqueous layer was separated, diluted, 
basified, and extracted with half its volume of ether: the greater part of the unchanged methyl- 
y-tropine remained in the aqueous layer. After evaporation of the ethereal solution, the 
residual base, dissolved in alcohol (50 c.c.), was treated with picric acid (rather more than 
1 equiv.) in the same solvent (50 c.c.). The sparingly soluble picrate, which was precipitated, 
crystallised from alcohol in rosettes of small yellow needles, m. p. 163—164° (Found: C, 54-2; 
H, 5:1; N, 11-5. C,,H,O,N, requires C, 54-1; H, 4-9; N, 11-5%) (yield, 2-6 g. or 55%). 

Methyltropacocaine, regenerated from the picrate, distilled as a colourless oil at 210°/15 mm. 
(Found: C, 74:2; H, 83. ©C,,H,,O,N requires C, 74-1; H, 8-1%). Crystalline salts of this 
base, other than the picrate, could not be obtained. 


The authors acknowledge gratefully the award of a Ramsay Memorial Fellowship to one 
of them, 


Dyson PERRINS LABORATORY, THE UNIVERSITY, OXFORD. [Received, October 25th, 1933.1 





358. Reduction Products of the Hydroxyanthraquinones. Part XIV. 
By ArTHUR G, PERKIN and (in part) NorMAN H. Happock. 


It was shown by Attree and Perkin (J., 1931, 144) that when 1-hydroxy-2-methoxy- 
anthrone (I) is oxidised, preferably with iodine in pyridine solution, a colouring matter, 
C59H,,0, (here termed A), is produced in considerable amount. 1 : 1’-Dihydroxy-2 : 2’- 
dimethoxydianthrone (II) is (at least in part) a product of this reaction, and as this, 
when similarly oxidised, also yields (A), a strong probability existed that the latter was 
4: 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone (III). 


on OH 
Y een af a ‘ CO. owe 
‘on’ \cH } Nc } 


2 
(I.) (II.) (III.) 


OBz OH 
Cor COCn 
: G : 
(VI.) 


The Pa Po (A) is readily obtained ion digesting a boiling pyridine solution of 
4-bromo-1-hydroxy-2-methoxyanthrone for a short period appeared to be further evidence 
for this view, a preliminary formation of the dianthrone (IV) again being assumed to 
occur. 

The view, however, was proved untenable when the helianthrone (III) was synthesised 
from 4-bromoalizarin 2-methyl ether, preferably in the form of its benzoyl compound, 
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by treatment of this in naphthalene solution with copper and ring closure of the resulting 
dianthraquinonyl (V) by Scholl’s method (Ber., 1910, 43, 1734). The product (III) was 
more soluble than (A) and, unlike this, yielded an acetyl compound (with some difficulty). 

Demethylation of (III) with a halogen acid gave 3 : 3’ : 4: 4’-tetrahydroxyhelianthrone, 
previously synthesised by Eckert and Hampel (Ber., 1927, 60, 1693) from 3: 3’: 4: 4’- 
tetra-acetoxydianthracene. There is a remarkable similarity in dyeing properties between 
this tetrahydroxy-compound (see E. and H.) and the tetrahydroxy-compound obtained 
either by the demethylation of (A), or directly by the oxidation of 1 : 2-dihydroxyanthrone 
(loc. cit.) with iodine in pyridine solution: both compounds show little or no dyeing 
affinity towards mordanted calico, and the very similar shades they give on mordanted 
wool have a poor character. Better results were obtained in this respect by using the 
sodium sulphonates, for on wool mordanted with tin, aluminium, iron, and oxidised 
chromium both salts gave deep red-brown, red-violet, black, and slate-blue shades, 
respectively, which were practically indistinguishable from one another. 

In the hope of isolating some intermediate product of the reaction involved in the 
formation of (A), the oxidation both of 1-hydroxy-2-methoxyanthrone and of 1: 1’- 
dihydroxy-2 : 2'-dimethoxydianthrone with iodine in cold pyridine solution was studied ; 
the crystals that gradually separated in each instance consisted mainly of 4 : 4’-dihydroxy- 
3 : 3’-dimethoxyhelianthrone (III), only a small amount of (A) being present. This is 
an excellent method for the preparation of (III) in quantity. 

If the pyridine solution of either the anthrone or the dianthrone is allowed to become 
warm during the addition of the iodine, a mixture consisting of about equal parts of 
(III) and of (A) is produced, whereas in the boiling solution, though (A) is the main 
product, some helianthrone (III) is always present. The presence of (III) was not recog- 
nised in the early experiments (loc. cit.), not only on account of its general similarity to 
(A), but because, being more soluble, it was in the main eliminated during the recrystallis- 
ation process. Both the anthrone and the dianthrone can be thus oxidised by simple 
aspiration of air through their solutions in boiling pyridine. Here again (A) is the main 
product, only a trace of 4: 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone being formed. 
As a result it appeared possible that in this reaction the latter was the precursor of (A), 
but numerous trials failed to substantiate this view. The deep colour of (A) indicated 
that it could hardly be 4: 4’-dihydroxy-3 : 3’-dimethoxynaphthadianthrone (VI), and 
experiment supported this. 

Eckert and Hampel (loc. cit.) have noted the slow conversion of 3: 3’: 4: 4’-tetra- 
hydroxyhelianthrone into the corresponding naphthadianthrone by the action of light, 
sulphuric acid being the solvent. It has been ascertained, however, that 3:3’: 4: 4’- 
tetra-acetoxyhelianthrone is so sensitive to light, more especially in acetone solution, that 
when crystallised from this solvent in the daytime a considerable amount is converted 
into the acetylnaphthadianthrone. 

As the dianthrone (II) yields both (A) and the helianthrone (III) and as the latter 
is evidently formed according to the scheme anthrone -> (possibly 10-iodo-anthrone by 
the iodine method; compare Barnett, Cook, and Grainger, J., 1922, 121, 2067) > di- 
anthraquinone -> helianthrone, the relationship of these dyes would be clear if (II) reacted 
in these circumstances both as the 1 : 1’-dihydroxy-2: 2’-dimethoxy- and also as the 
1 : 8’-dihydroxy-2 : 7’-dimethoxy-compound (VIIa). (A), being derived from the latter, 
would thus be 4: ~~ a : 6’-dimethoxyhelianthrone (VIIb). 


Noe CO. A in Or OMe 
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Analogy, however, is here lacking and moreover, as experiment showed that when 
4-bromo-l-hydroxy-2-methoxyanthrone is kept in cold pyridine suspension (A) only is 
obtained, it is difficult to bring this fact into line with such a scheme. Indeed, if reaction 
did occur in the manner indicated, a naphthadianthrone rather than a helianthrone 
should result. 

When 4-bromo-l-hydroxy-2-methoxyanthrone is treated with iodine in boiling 
pyridine solution, the production of the colouring matter does not occur, a dark brown 






















































































powder being formed. This unexpected result first suggested what is doubtless the 
which two molecules of the bromo-anthrone are involved. These, under the influence 
of the pyridine, pass into the anthranol (VIII), from which, by elimination of hydrogen 
(OH) OH 
one aD 
CH (VIIL.) We 
(XI.) (IX.) (X.) 

A similar explanation could be given of the formation of (A) (X) by the iodine—pyridine 
Perkin and Story (J., 1931, 2620), who prepared 3-iodo-derivatives from certain hydroxy- 
anthraquinones by this method, were, however, unable to obtain similar iodo-compounds 
failed, though, owing to the rapidity of colour formation, these cannot be regarded as 
decisive. It is considered more probable that reaction here proceeds, at least in part, 
(Ber., 1905, 38, 1799), who found that, when 10-bromo-9 : 9-diphenyl-9 : 10-dihydro- 
anthracene (XII) is boiled in naphthalene solution, ‘‘ tetraphenyl heptacyclene ”’ (in 


correct explanation of the formation of (A). According to this view (A) is 3 : 9-dihydroxy- 
2 : 8-dimethoxy-5 : 6 : 11 : 12-dibenzperylene-4 : 10-quinone (X), in the formation of 
bromide, is produced the leuco- or dihydro-derivative (IX), which is then oxidised to 
the colouring matter (X). 
Q OH 
OY OMe 
OMe — ly MeO 
H C(OH M4 

method, if during this process 4-iodo-l-hydroxy-2-methoxyanthrone were produced, 
for two molecules of this could condense analogously to the bromo-derivative (VIII). 
from the corresponding anthranols. Attempts to isolate 4-iodo-1-hydroxy-2-methoxy- 
anthrone, or the 4: 4’-di-iodo-dianthrone, from the iodine—pyridine mixture have also 
via the 10-iodo-anthranol (XI), two molecules of which condense as indicated above, 
and such a scheme appears to be supported by the work of Liebermann and Lindenbaum 
reality 4:4:10: 10-tetraphenyl-4 : 10-dihydro-5 : 6:11: 12-dibenzperylene, XIII) is 
produced. 
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With iodine in carbon disulphide solution, 1-hydroxy-2-methoxyanthrone yielded 
iodine-like needles of an unstable compound evidently analogous to the substance, 
C,4H,,0,HI,I,, which Liebermann and Mamlock (Ber., 1905, 38, 1784) obtained similarly 
from anthranol. 1: 1’-Dihydroxy-2 : 2'-dimethoxyanthrone gave, in the same way, 
a dark-coloured semi-crystalline product of a similar type. [Both when boiled with 
pyridine, naturally gave some quantity of (A) (X).] In pyridine solution such com- 
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pounds could exist but momentarily, and in presence of excess of iodine it seems likely 
that the 10-iodo-anthrone (XI) is eventually produced. 

On the other hand, 1 : 1’-dihydroxy-2 : 2’-dimethoxydianthrone behaves analogously 
to the anthrone and is most probably the main source of (A) (X). Its conversion into 
the latter can again be envisaged as proceeding via the di-iodo-compound (XIV), and here 
it is suggested that a production of the free radicals (indicated by the dotted line) then 
occurs, which subsequently condense to form (X) (compare VIII). 

1-Hydroxy-2-methoxyanthrone yields (A) (X) by methods not involving the use of 
iodine, notably aerial oxidation. Here the dianthrone is, without doubt, produced in 
quantity and this, it is suggested, passes into the anthrapinacol (XV) at the boiling 
temperature. The free radicals (XVI) then condense, as above indicated. A formation 
of the pinacol (XV) in the iodine reaction is indeed also possible. 
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Evidence which supports the suggestions given above has been received from Prof. 
Heilbron (private communication), who finds that, by heating 4-chloroanthrone at 240°, a 
purple dye, probably 5 : 6: 11 : 12-dibenzperylene-4 : 10-quinone, is produced. 4-Chloro-1- 
hydroxyanthrone reacts in an analogous manner. (Compare also Scholl, Meyer, and 
Winkler, Annalen, 1932, 494, 201.) 

Of interest again in this connexion is the recent patent (E.P. 373139, 1932; I. G. 
Farbenindustrie A.G.) which describes the preparation of dyes by heating methylene- 
anthrones with acid condensing agents, ¢.g., aluminium chloride. These compounds, 
it is stated, consist probably of 5: 6:11 : 12-dibenzperylene-4 : 10-quinones. 

Though the practical results of Attree and Perkin’s communication (loc. cit.) are un- 
affected by the present work, it is now certain that the 4 : 4’-dihydroxy-3 : 3’-dimethoxy- 
helianthrone there referred to is really the isomeric 3 : 9-dihydroxy-2 : 8-dimethoxy- 
5:6: 11: 12-dibenzperylene-4 : 10-quinone. So similar are these two compounds in 
properties, however, that the theoretical points there discussed are applicable to both 
cases. On the other hand, it has now been ascertained that the colorations given by 
these compounds with sulphuric acid are respectively malachite-green and blue. 

The methylation of (A) (X) by the dry method (D.R.-P. 242379, 1910) gave, as the 
main product, a tetramethyl ether. This separated from benzene as maroon-coloured 
needles, but crystallised from acetic anhydride in fine scarlet prisms, apparently 
CysHy04,C,H,O,, which at 140° passed into the former variety with loss of acetic acid. 
Cold hydrobromic acid (d 1-7) in acetic acid gave a blue solution of the oxonium salt, which 


soon disappeared, a precipitate, evidently of the dimethyl ether (A) (X), separating: this 


reaction suggested the demethylation of methoxyls contiguous to the carbonyl groups. 
With hydrobromic acid at 180° the tetrahydroxy-compound (tetrahydroxydibenzperyl- 
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enequinone) was obtained. Though the maroon colour of this substance and the fact 
that it gives, in benzene, a precipitate with alcoholic potash, at first sight suggested that 
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it is not fully methylated, it may consist of the normal (3:9: 2 : 8-tetramethoxy) 
compound. On the other hand, it seemed possible that during the preparation of the 
salt of (A) with alcoholic potash reduction occurred and that the tetramethyl] ether derived 
from this was in reality a dihydro-compound. If such is the case, it will be necessary 
to assume the presence, in the tetramethyl] ether itself, of either the quinol (XVII) or the 
hydroxyanthranol group (XVIII), though the presence of the latter would be rather 
unexpected. 

As a by-product of the methylation a little ¢vimethyl ether was also produced. This 
reacted very similarly to the tetramethyl ether with hydrobromic acid. Difficulty was 
experienced in obtaining consistent methoxy-figures from these compounds by the ordinary 
Zeisel method. The methylimide process, however, gave better results. 

When methylated by the same process, 4 : 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone 
(III) gave, as the main product, orange-red needles of a compound, apparently 3 : 3’: 4: 4’- 
tetramethoxyhelianthrone, less probably a dihydro-derivative of this. With cold hydro- 
bromic acid in acetic acid, partial demethylation occurred, the blue liquid gradually 
depositing 4 : 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone (III). (Chromic acid oxidation 
gave yellow crystals evidently of 3:3’: 4: 4’-tetramethoxy-1 : 1’-dianthraquinony].) 
This did not give an oxonium salt with hydrobromic acid, and in acetic acid was not 
demethylated even after short boiling with the acid mixture. 

As a by-product of the methylation process a brick-red compound was isolated. 
This again with hydrobromic acid gave 4: 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone, 
suggesting it to be the 4-hydroxy-3 : 3’ : 4’-trimethoxy-derivative, though the Zeisel 
figures agree better with those for a dimethyl ether. The further investigation of this 
substance is in progress. 

1-H ydroxy-2-methylanthrone (I, with Me for OMe) behaves with iodine in pyridine 
solution analogously to 1-hydroxy-2-methoxyanthrone (I). At the boiling point, aniline- 
blue-like plates of a substance C,9,H,,0, separate, consisting with little doubt of 3: 9- 
dihydroxy-2 : 8-dimethyl-5 : 6 : 11 : 12-dibenzperylene-4 : 10-quinone (X, with Me for OMe). 

Again, with iodine in the cold, though a trace of the preceding quinone is obtained, 
the main product, green-iridescent needles, is 4 : 4’-dihydroxy-3 : 3'-dimethylhelianthrone 
(III with Me for OMe). The diacetyl derivative of this compound in acetone solution 
is converted by the action of light into the diacetyl-naphthadianthrone (as VI, with Me 
for OMe). Lack of raw material has as yet prevented a closer examination of these 
compounds. 

4-Bromo-1l-hydroxy-2-methoxyanthrone is prepared from 4-bromoalizarin 2-methyl 
ether in boiling acetic acid with stannous chloride-hydrochloric acid. It has no melting 
point, but gradually passes, on heating, into (A) (X). A second product of the reduction 
is 4-hydroxy-3-methoxyanthranol, evidently present in the first place as the 1-bromo- 
compound. The bromine atom, being here contiguous to the carbonyl group, is loosely 
held and is eliminated by reduction. 

1-Hydroxy-2-methylanthrone is similarly obtained from 1-hydroxy-2-methylanthra- 
quinone, in addition to 4-hydroxy-3-methylanthranol. The latter has been previously pre- 
pared by the Imperial Chemical Industries Ltd. (private communication). These results 
further confirm the conclusions of Cross and Perkin (J., 1930, 292). 

With the object of obtaining a dibromo-derivative of (A) (X), attempts have been made 
to prepare 3-bromoalizarin 2-methyl ether by the partial methylation of 3-bromoalizarin. 
Merely a trace of this compound was obtained, the main product being 3-bromo- 
alizarin dimethyl ether. The partial demethylation of the latter with halogen acid gave 
better results. 

For the analyses given in this paper we are indebted to Dr. A. Schoeller of Berlin. 


EXPERIMENTAL. 


4-Bromoalizarin 2-methyl ether (33 g.), prepared from alizarin 2-methyl ether (30 g.), boiling 
acetic acid (750 c.c.), and bromine (24 g.) (D.R.-P. 158,257) with addition of sodium acetate 
crystals (35 g.), melted at 235—-237°. The acetyl compound formed pale yellow needles, m. p. 
175—177°. 
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4-Bromo-1-hydroxy-2-methoxyanthrone-—A mixture of acetyl-4-bromoalizarin 2-methyl 
ether (5 g.), acetic acid (70 c.c.), and stannous chloride—hydrochloric acid (60 c.c.) was boiled 
for 1 hour. The orange prismatic needles separating over-night were recrystallised from 
benzene (Found: C, 56-9; H, 3%. C,;H,,O,Br requires C, 56-4; H, 3-5%). 

The filtrate, by treatment with hot water, gave 4-hydroxy-3-methoxyanthranol (2-1 g.), 
m. p. when pure 198—200°. 

4-Bromo-1-acetoxy-2-methoxy-9-anthranyl acetate was obtained by gently warming the 
anthrone (0-5 g.), acetic anhydride (3-5 c.c.), and pyridine (3 c.c.), pouring the mixture into 
dilute acid after 12 hours, and washing the product with acetone and crystallising it from 
alcohol; yellow prisms, m. p. 185—188° (Found: C, 57-1; H, 3-9. C,gH,;0,;Br requires C, 
56-6; H, 3-7%). 

(1) A solution of 4-bromo-1-hydroxy-2-methoxyanthrone (0-5 g.) in pyridine (20 c.c.), after 
boiling for 10 minutes, deposited crystals (0-19 g.); from the filtrate, 0-045 g. was isolated 
(yield, 64-7%). (2) The bromo-anthrone in nitrobenzene was boiled for 15 minutes, or gently 
heated with sulphuric acid. The products were recrystallised from methyl salicylate and identified 
as (A) (X) (Found: C, 75-5; H, 3-9. Calc. for Cg5gH,,0,: C, 75-9; H, 3°8%). 

4-Bromo-1\-benzoyloxyalizarin 2-Methyl Ether—4-Bromoalizarin 2-methyl ether (5 g.), 
benzoyl chloride (17-5 c.c.), and pyridine (10 c.c.) were heated at 100° for 5 minutes, and alcohol 
(40 c.c.) added to the cold product. The crystals obtained gave almost colourless plates of 
the benzoate (5 g.), m. p. 207—208°, after recrystallisation from benzene—alcohol (Found : C, 
60-3; H, 3-0. C,.H,,0,;Br requires C, 60-4; H, 3-0%). 

4 : 4'-Dibenzoyloxy-3 : 3'-dimethoxy-1 : 1'-dianthraquinonyl (V).—A solution of the preceding 
benzoate (2 g.) in nitrobenzene (5 c.c.) was boiled for 14 hours with copper powder (2 g.). The 
cold crystals were collected, washed with benzene, dissolved in boiling nitrobenzene, decanted 
from copper, and recrystallised (yellow needles, 1-1 g.). Alternatively, a boiling mixture of 
the benzoate (9 g.), naphthalene (22 g.), and copper (9 g.) was digested for 1 hour; after re- 
moval of naphthalene by means of hot benzene, and recrystallisation, the product weighed 6 g. 
The dianthraquinonyl melted above 360° and dissolved in sulphuric acid with a blood-red tint 
(Found : C, 73-3; H, 3-6. C,,H,¢Q 9 requires C, 73-6; H, 3-6%). 

4: 4'-Dihydroxy-3 : 3'-dimethoxy-1 : 1'-dianthraquinonyl.—The benzoyl derivative (3 g.) in 
pyridine (50 c.c.) was boiled with 5% alcoholic potash (20 c.c.) for 15 minutes. After addition 
of a little water, the solution was acidified ; the precipitate was washed with alcohol and crystal- 
lised from methyl salicylate. The orange boat-shaped needles dissolved in hot dilute alkali 
with a violet-red tint, and had not melted at 360° (Found : C, 70-8; H, 3-7. C39H,,0, requires 
C, 71:1; H, 3-6%). The acetyl derivative, pale yellow needles, m. p. 322—326°, was best 
prepared with boiling acetic anhydride and a trace of sulphuric acid. 

3:3’: 4: 4'-Tetrahydroxy-1: 1'-dianthraquinonyl.—This was obtained by heating the 
dimethoxy-compound (1 g.) and boric acid (1 g.) in sulphuric acid at 140°. For purification 
the acetyl compound, m. p. 280—282° after sintering at 275°, was prepared, and this was 
hydrolysed with hydrochloric acid in the presence of much acetic acid. The small orange-red 
prismatic needles had the properties described by Eckert and Hampel (oc. cit.) (Found: 
C, 70-1; H, 3-3. Calc. for C,,H,,0,: C, 70-3; H, 2-9%). 

4: 4'-Dihydroxy-3 : 3'-dimethoxyhelianthrone (III)—To 4: 4'-dihydroxy-3 : 3’-dimethoxy- 
1: 1’-dianthraquinony] (1 g.) in sulphuric acid (20 c.c.) at 140—150°, copper powder was slowly 
added. After 1 hour, the blue-green liquid was filtered through asbestos into water, and the 
red precipitate crystallised twice from methyl salicylate; m. p. 335—337° (Found: C, 75-8; 
H, 3-8. Cg9H,,O, requires C, 75-9; H, 38%). The helianthrone (III) separated from pyridine 
as long, red-brown-green iridescent needles, gave a red powder when ground, was insoluble in 
alkali solutions, dissolved in sulphuric with a malachite-green tint, and was not reduced by 
alkali hyposulphite. It was slowly attacked by acetic anhydride and pyridine, more readily, 
however, by the former and a trace of sulphuric acid. The diacetate precipitated by water 
crystallised from benzene—alcohol in microscopic scarlet needles, m. p. 267—-269° (Found : 
C, 73-1; H, 3-9. C3,H,,O, requires C, 73-1; H, 4-0%%). 

3:3’: 4: 4'-Tetrahydroxyhelianthrone, prepared by heating the dimethoxy-compound 
with hydrobromic acid (d 1-7) at 180—210° for 3 hours, and recrystallised from methyl salicylate, 
had the properties assigned to it by Eckert and Hampel (loc. cit.) (Found: C, 74-6; H, 
3-4%). 
3:3':4:4'-Tetra-acetoxynaphthadianthrone—The tetrahydroxyhelianthrone was boiled 
with acetic anhydride and pyridine for 2 hours, the liquid poured into water, and the precipitate 
crystallised from benzene. When it was boiled with acetone, pale yellow, fine needles 
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of 3:3’: 4: 4'-tetra-acetoxynaphthadianthrone remained undissolved (filtrate A). These, re- 
crystallised from benzene, appeared to melt at about 360° and dissolved in sulphuric acid with 
a red-violet tint (Found: C, 70-1; H, 3-4. C3gH,9Oj, requires C, 70-5; H, 3-2%). 

Filtrate (A), when partially concentrated, deposited some of the same compound; on further 
evaporation, orange needles of 3 : 3’ : 4: 4’-tetra-acetoxyhelianthrone separated. ‘These, possibly 
containing a trace of the acetylnaphthadianthrone, melted at 282—286° and dissolved in 
sulphuric acid with a green-blue tint (Found: C, 70-3; H, 3:7. C3gH,,0,. requires C, 70-3; 
H, 3-6%) 

Sulphonation —3 : 3’ : 4: 4'-Tetrahydroxyhelianthrone (0-5 g.) in fuming (20%) sulphuric 
acid was heated at 100° for 1 hour, and the solution poured into water. After addition of 
sodium chloride and boiling, the sodium sulphonate separated; it was collected when cold, 
washed with brine during 3 days, and dried. It dissolved in water with a claret colour, passing 
to violet-blue on addition of alkali. In similar circumstances the sodium sulphonate prepared 
from the tetrahydroxy-compound derived from (A) (X) yielded a pure blue tint. 

Iodine Oxidation of 1-Hydroxy-2-methoxyanthrone.—(a) A solution of the anthrone (1 g.) 
in hot pyridine (5 c.c.) was cooled, and to the semi-solid mass iodine (1 g.) in pyridine (3 c.c.) 
was slowly added, with good cooling. From the clear liquid, crystals slowly separated, 0-65 g. 
being obtained after 5 days. Extraction with boiling pyridine left a residue (0-1 g.) which, 
recrystallised from methyl salicylate, had the properties of (A) (X). The pyridine filtrate, on 
concentration, gave reddish-brown iridescent needles of 4: 4’-dihydroxy-3 : 3’-dimethoxy- 
helianthrone, m. p. 335—337° (Found: C, 75-6; H, 3-7%). The acetyl compound obtained 
from it had m. p. 267—269°. 

(b) 1: 1'-Dihydroxy-2 : 2’-dimethoxydianthrone (III) (3 g.), pyridine (15 c.c.), and iodine 
(3 g.) in pyridine (9 c.c.) were employed, also in the cold. The crystals which had separated 
after 4 days contained 4: 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone (1-5 g.) and (A) (X) 
(0-5 g.). 

(c) Iodine (20 g.) was gradually added to 1-hydroxy-2-methoxyanthrone (10 g.) in pyridine 
(200 c.c.), and the mixture boiled for 20 minutes. The product gave (A) (X) (6-6 g.), which was 
recrystallised from nitrobenzene (Found: C, 75-7; H, 3-8; CHs3, 5-8. Calc. for Cs9H,,0,: 
C, 75-9; H, 3-8; CH;, 63%), and 4: 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone (III) (2-2 g.). 

Air Oxidation.—Through a solution of 1-hydroxy-2-methoxyanthrone (4 g.) in boiling 
pyridine (100 c.c.) contained in a distilling flask with attached condenser, air was aspirated 
for 90 minutes, the distillate being returned when necessary. The crystals were collected from 
time to time to minimise bumping. They weighed 1-92 g. (yield, 48%) and consisted approxim- 
ately of 1-67 g. of (A) (X) and 0-25 g. of 4: 4’-dihydroxy-3 : 3’-dimethoxyhelianthrone. The 
pyridine filtrate contained a dull red powder from which nothing definite could be isolated. 

4-Bromo-1-hydroxy-2-methoxyanthrone and Cold Pyridine.—The powdered anthrone (1 g.) 
was repeatedly shaken with pyridine (15 c.c.) and filtered off. The filtrate slowly darkened 
and the crystals (0-1 g.) were collected after 4 days. The residual bromoanthrone, similarly 
treated with pyridine (15 c.c.), gave crystals (0-17 g.). The product, crystallised from methyl 
salicylate, consisted entirely of (A) (X). 

Methylation of 4: 4'-Dihydroxy-3 : 3'-dimethoxyhelianthrone-—The powdered substance 
(5 g.) was digested with boiling 20% alcoholic potash (25 c.c.), the liquid evaporated, and the 
residue finely ground and added to a mixture of methyl sulphate (30 g.) and anhydrous sodium 
carbonate (12-5 g.) at 90°. The whole was heated to 140°, and the product lixiviated with 
water, dried, and extracted with benzene. Addition of alcoholic potash to the liquid precipitated 
a potassium salt (B), which was removed, and the solution, after being washed with water, was 
evaporated to dryness. The residue separated from acetone mainly as a semi-solid mass of 
hair-like orange needles. These, in contact with the solvent during some weeks, gradually 
changed to fine scarlet prisms, m. p. 263—265°, soluble in sulphuric acid with a malachite-green 
colour (Found: C, 76-5; H, 4-9; CH, 11:2. C,,H,.O, requires C, 76-5; H, 4-4; CH, 11-8%). 

3; 3’: 4: 4'-Tetramethoxyhelianthrone gave in benzene a yellow fluorescent solution. The 
4; 4'-dihydroxy-3 : 3’-dimethoxyhelianthrone prepared from it with cold hydrobromic acid (d 1-7) 
in acetic acid, after recrystallisation from pyridine, melted at 335—337°. 

The potassium salt (B) was neutralised with dilute acid, and the product crystallised twice 
from benzene (charcoal), in which it gave a yellow fluorescent solution. The glistening scarlet 
needles, m. p. 285—287°, obtained were insoluble in dilute alkali solution and dissolved in 
sulphuric acid with a malachite-green tint (Found: C, 76-2; H, 4:3; CHs, 6-8. C3,;H9O,¢ 
requires C, 76-2; H, 4-1; CH ,9-2%. Cj 9H,,O, requires C, 75-9; H, 3-8; CH;, 65%). 4:4- 
Dihydroxy-3 : 3’-dimethoxyhelianthrone obtained from this compound with cold hydrobromic 
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acid (d 1-7) and acetic acid melted at 335—337° after purification. Toa boiling solution of the 
tetramethyl ether in acetic acid, chromic acid was added until a green liquid was obtained. 
The 3: 3’: 4: 4’-tetramethoxy-1 : 1’-dianthraquinony] isolated by addition of water, separated 
from nitrobenzene-alcohol as small yellow prisms, m. p. 335—336°, soluble in sulphuric acid 
with a red-brown tint. 

Methylation of 3: 9-Dihydroxy-2 : 8-dimethoxy-5 : 6:11: 12-dibenzperylene-4 : 10-quinone 
(A).—The potassium salt from 5 g. of the substance was prepared and then methylated according 
to the preceding method. The product, after lixiviation with water, was extracted with boiling 
pyridine, leaving 1 g. of residue. The crystals which separated on cooling (2-5 g.) (filtrate C) 
were dissolved in hot benzene, alcoholic potash added, and the potassium salt collected and 
decomposed with acid. The éetramethyl ether separated from benzene (charcoal) in maroon 
needles, m. p. 317—319° (Found: C, 76-4; H, 4-0; CH;, 116%). From hot acetic anhydride, 
maroon needles first separated. These were removed and small scarlet prisms were then 
deposited. They became maroon-coloured at 140° and melted at 314—315° with loss of acetic 
acid (Found in air-dried material: C, 71-7; H, 245; CH;, 10-4; C,H,O,, 11-2, 10-8. 
CyeHygO¢,C,H,O, requires C, 72-5; H, 4:6; CH;, 10-7; C,H,O,, 10-7%. Found in material 
dried at 140°: C, 76-8; H, 4:35; CH, 11-6. C,,H,.O, requires C, 76-5; H, 4-4; CH, 12-0%). 
This tetramethyl ether was insoluble in dilute alkali, gave in pyridine a yellow fluorescent 
solution, with sulphuric acid a green-blue liquid, and did not appear to be capable of acetylation. 
The product given by hydrobromic acid (d 1-7) in cold acetic acid crystallised from nitrobenzene 
in iridescent needles, was insoluble in dilute alkali, and had the properties of 3 : 9-dihydroxy- 
2: 8-dimethoxydibenzoperylenequinone (A) (X). The substance obtained by heating the 
crystalline product at 190° with hydrobromic acid (d 1-75) in acetic acid dissolved in alkali 
with a deep blue colour, and yielded the acetyl compound of the tetrahydroxydibenzperylene- 
quinone previously described. Oxidation with chromic acid in acetic acid solution gave water- 
soluble products only. 

The trimethyl ether. The pyridine filtrate (C above) was poured into acid, and the precipitate 
collected and dissolved in boiling benzene. The glistening red needles obtained closely re- 
sembled the analogous substance described above, as obtained from (III), and melted at 289— 
290° (Found: C, 75-85; H, 4:3; CHs;, 8-7. C3,H»O, requires C, 76-2; H, 4-1; CH, 9-2%). 
The ether was insoluble in dilute alkali, dissolved in sulphuric acid with a green-blue tint, and 
gave yellow fluorescent solutions. The precipitate obtained by means of cold hydrobromic acid 
in acetic acid separated from nitrobenzene as needles, was insoluble in alkali, and closely re- 
sembled 3 : 9-dihydroxy-2 : 8-dimethoxy-5 : 6 : 11 : 12-dibenzperylene-4 : 10-quinone (A) (X). 

1-Hydroxy-2-methylanthrone (as I).—To commercial 1-hydroxy-2-methylanthraquinone 
(recrystallised from benzene; 3g.) in hot acetic acid, stannous chloride—hydrochloric acid was 
added, and the mixture boiled for } hour. The crystals separating over-night (filtrate) were 
recrystallised from methyl alcohol, giving pale yellow needles, m. p. 136—138°, which dissolved 
in sulphuric acid with a pale orange tint (Found: C, 80-0; H, 5-4. C,;H,,O, requires C, 
80:3; H, 53%). Occasionally 1-hydroxy-2-methylanthrone separated from this solvent in 
leaflets, more soluble than the needle variety but having the same m. p. (Found: C, 79-9; H, 
5-4%). The filtrate (above) contained 4-hydroxy-3-methylanthranol, m. p. 197°. 1-Acetoxy- 
2-methyl-9-anthranyl acetate, prepared from the anthrone, formed prisms (alcohol), m. p. 
180—182°. 

3: 9-Dihydroxy-2 : 8-dimethyl-5 : 6 : 11: 12-dibenzperylene-4 : 10-quinone (as X).—To 1- 
hydroxy-2-methylanthrone (0-5 g.) in boiling pyridine (7-5 c.c.), iodine (1-2 g.) was added, giving 
first a green and then a red liquid. Leaflets separated and these were slowly deposited from 
methyl salicylate in rectangular plates (0-3 g.) resembling aniline-blue. The compound was 
insoluble in dilute alkali solution, soluble in sulphuric acid with a blue-green tint, was with 
difficulty reduced in alkaline solution with sodium hyposulphite, forming a green liquid, and 
appeared to be incapable of acetylation (Found: C, 81-0; H, 4-0. Cg9H,,O, requires C, 81-4; 
H, 41%). 

4: 4'-Dihydroxy-3 : 3'-dimethylhelianthrone (as III).—1-Hydroxy-2-methylanthrone (1 g.) 
in cold pyridine (15 c.c.) was treated with iodine (1 g.) in pyridine (2 c.c.) with good cooling. 
After 4 days, the collected deposit was extracted with boiling pyridine, a small part, evidently 
consisting of the dibenzperylenequinone derivative, being insoluble. The concentrated red 
fluorescent solution deposited green-iridescent, red, prismatic needles (0-2 g.), soluble in sul- 
phuric acid with a blue tint, changing to violet (Found: C, 81:3; H, 4-1. C3 9H,,O, requires 
C, 81-4; H, 41%). 


For acetylation in the usual manner, boiling for some hours is necessary. On keeping, 
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yellow needles separated in small amount, soluble in sulphuric acid with a magenta tint, con- 
sisting evidently of 4: 4'-diacetoxy-3 : 3’-dimethylnaphthadianthrone (as VI). The filtrate, 
added to water, gave an orange deposit, which was dissolved in benzene. The concentrated 
liquid on addition of alcohol, deposited fine orange needles of 4: 4'-diacetoxy-3 : 3’-dimethyl- 
helianthrone, m. p. 297—300° after darkening at about 280° (Found: C, 77-7; H, 4-2. C,,H,.0, 
requires C, 77-6; H, 4-2% 

3-Bromoalizarvin.—This was prepared, from alizarin (30 g.), acetic acid (400 c.c.), bromine 
(22 g.), and anhydrous sodium acetate (20 g.) (compare Dimroth, Ber., 1920, 53, 3025), in a 
yield of 28 g., m. p. 260—261°. 

3-Bromoalizarin Dimethyl Ether.—3- Bromoalizarin (15 g.) was added to alcoholic potash 
(KOH, 9 g.), the product dried and stirred into a mixture of methyl sulphate (140 g.) and 
anhydrous sodium carbonate (60 g.), and the whole heated to 140°. The lixiviated product 
was dissolved in benzene, a little alcoholic potash added, and the potassio-3-bromoalizarin 
2-methyl ether removed. From the concentrated filtrate, yellow rieedles of the dimethyl ether 
were deposited, m. p. 136—137° (Found: C, 55-3; H, 3-1; Br, 23-0. C,,H,,0O,Br requires 
C, 55-4; H, 3-1; Br, 23-0%). 

3-Bromoalizarin 2-Methyl Ether.—The dimethyl ether (1 g.) was heated with hydrochloric 
acid (33%) (10 c.c.) at 135—140° for 90 minutes. The product, freed from dimethyl] ether (see 
above), crystallised in orange-yellow needles, m. p. 186—187° (Found: C, 54-05; H, 2-7. 
C,,;H,O,Br requires C, 54:2; H, 2-8%). The acetyl compound separated from alcohol as almost 
colourless needles, m. p. 150—151° (Found: C, 54:5; H, 2-9. C,,H,,O,;Br requires C, 54-4; 
H, 29%). 

We are much indebted to British Dyestuffs Corporation Ltd. for a plentiful supply of alizarin 
2-methyl ether, and to Scottish Dyes Ltd. for a sample of 1-hydroxy-2-methylanthraquinone. 


CLOTHWORKERS’ RESEARCH LABORATORY, 
THE UNIVERSITY, LEEDs. [Received, August 18th, 1933.] 





359. The Dicarbazyls. Part IV. Synthesis of 1: 1'-Dicarbazyl. 


By T. F. MacraE and S. Horwoop TUCKER. 


1 : 1’-Dicarbazyl has been synthesised from 2 : 2’-diaminodipheny] according to the scheme : 


OBO OO = (OO) 
NH \n \wa7Y 
—-> (III) WO) > OO (IV.) 
N 
\ 2 


There is no evidence that it is produced by the oxidation of carbazole (see Perkin and 
Tucker, J., 1921, 119, 216; Tucker, J., 1926, 3033; McLintock and Tucker, J., 1927, 1214; 
Maitland and Tucker, J., 1927, 1388). 


All m. p.’s ave corrected. Micro-analyses are marked *. 

2 : 2'-Dinitrodiphenyl.—(1) (Ullmann and Bielecki, Ber., 1901, 34, 2174; Le Févre, J., 
1929, 735; Shaw and Turner, thisvol., p. 139). o-Chloronitrobenzene (200 g.), mixed with copper- 
bronze (10 g.), was briskly boiled (Pyrex flask, in oil-bath), more copper—bronze (10 g.) being 
added, until the copper turned grey : the process was repeated until the total quantity of copper- 
bronze which had been added was 75 g. (time, $ hour), The mass was allowed to cool until 
alcohol could be safely added. It was shaken vigorously with the alcohol, and extraction 
repeated several times. (If the addition of alcohol is delayed until the melt has caked, it is 
almost impossible to extract with alcohol; in this case the cake is easily extracted with acetone, 
and the dinitrodiphenyl obtained by distillation of the acetone.) The dark-coloured alcoholic 
solution (charcoal) gave practically pure 2: 2’-dinitrodiphenyl, which after recrystallisation 
from glacial acetic acid gave lemon-yellow crystals, m. p. 124° (75—85 g.; yield, 5}0—55%). 
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(2) Niementowski’s method (Ber., 1901, 34, 3327), using o-nitroaniline, was also employed. 
The percentage yield increased with the quantities used. With } the quantity recommended, a 





e, 29% yield was obtained, and with 4 quantity a 42% yield was never exceeded. Niementowski 

d claims a 60% yield, but the quantities mentioned are difficult to handle. 

1- Method (1), after being developed as above, was distinctly preferable. 

)6 2: 2'-Diaminodiphenyl (Niementowski, Joc. cit., p. 3329).—Finely-powdered 2 : 2’-dinitrodi- 
phenyl (20 g.) was heated on a water-bath with tin (100 g.) and concentrated hydrochloric acid 

le (200 c.c.) until a clear solution was obtained. (Heating on a sand-bath, or with addition of 

a alcohol, seems to be deleterious.) The solution was treated with excess of caustic soda and 


extracted with ether. The diaminodiphenyl recovered therefrom separated from ligroin (b. p. 
h 60—80°) in colourless crystals, m. p. 81°. Yield, 80%. 
d 2: 2’-Di-o-nitrophenylaminodiphenyl (1).—2:2'-Diaminodiphenyl (10 g.), o-chloronitro- 
t benzene (80 g.), and barium carbonate (40 g.) were heated (air-bath; mercury thermoregulator) 
n at 230° for 14 hours. [The carbon dioxide evolved measured 730 c.c. at 20°/760 mm. Appar- 
r ently several reactions take place, so the volume of carbon dioxide evolved is only a useful 
s indication of the course of the reaction. In the formation of (I) from 10 g. of diamine theory 

requires 1217 c.c., but it is not advisable to continue heating until this quantity has been col- 
c lected.]} The melt was steam-distilled until no trace of o-chloronitrobenzene was left, extracted 
with alcohol (50 c.c.) and then with acetone several times. The alcoholic extract slowly 
F deposited scarlet crystals, and the acetone (evaporated) beetle-green leaflets. Both forms 
t crystallised from anisole in ruby-red rhombs, m. p. 188-5—189-5° (3 g.; yield, 12%) (Found : 
; C, 67-5; H, 4:4; N, 13-1. C,,H,,0,N, requires C, 67-6; H, 4:2; N, 13-1%). The amine is 
practically insoluble in all cold solvents, especially ligroin. 

The yield of (I) was unaltered by heating for 137 hours at 215—225° (900 c.c. CO,), 16 hours 
. at 225—229° (390 c.c. CO,, from 4-2 g. diamine), when barium carbonate was replaced by 
calcium carbonate (5 g. diamine for 49 hours at 205—325° giving 670 c.c. CO,), sodium carbonate 
(5 g. diamine for 40 hours at 205—215° giving 350 c.c. CO,), potassium carbonate (5 g. diamine 
for 35 hours at 210—219° giving 520 c.c. CO,). In general, to get the same yield of (I), the 
temperatures to which the reaction mixture required to be heated were, approximately, for 
potassium carbonate 210—215°, sodium carbonate 215—220°, barium or calcium carbonate 
220—230°. The effect of lowering the temperature is instructively shown by an experiment in 
which potassium carbonate was used: 2: 2’-Diaminodiphenyl (20 g.), o-chloronitrobenzene 
(150 g.), and potassium carbonate (80 g.) were heated for 35 hours at 205—208°; 2290 c.c. of 
carbon dioxide were collected. The melt was steam-distilled and extracted with much alcohol. 
Nearly all dissolved. The cold solution deposited (I) (3 g.). After filtration and evaporation 
the alcoholic liquor deposited 2-o-nitrophenyla nino-2’-aminodiphenyl (the half-condensation 
product, considered below) (6 g.), and then much deep red oil (which, before and after distillation 
in a vacuum, was soluble in but would not crystallise from the usual solvents). The alcoholic 
filtrate on standing deposited oo’-dinitrodiphenyl ether [0-5 g., crystallised first from methyl 
alcohol, then from ligroin (b. p. 80—100°), as a felt of colourless crystals which powdered with 
the softness characteristic of camphor], m. p. 113—114° (uncorr.) alone or mixed with a specimen 
prepared as given by Haeussermann (Ber., 1896, 29, 1446, 2083; 1897, 30, 738, footnote) 
(Found: *C, 55-6; H, 3-2; *N, 10-8. Calc.: C, 55-4; H, 3-1; N, 10-8%). This substance 
and carbazole were obtained in varying amounts when the temperature of reaction was higher 
than the above. For example, when 2: 2’-diaminodiphenyl (5 g.) and o-chloronitrobenzene 
(50 g.) were heated for 3 hours at 245° (oil-bath temperature; internal temperature about 230°), 
as in the preparation of NN’-di-o-nitrophenylbenzidine (Tucker, Joc. cit., p. 3034), the only 
products were oo’-dinitrodiphenyl ether (2-3 g.) and carbazole (0-3 g.). The formation of the 
former is difficult to explain, since no o-nitropbenol could be detected in the o-chloronitrobenzene, 
and no carbonate was used in this preparation. 

The use of sodium acetate in place of barium carbonate gave no yield of (I), but a golden- 
yellow crystalline substance from acetone, m. p. above 240°. 

Replacement of o-chloronitrobenzene by the corresponding bromo- or iodo-compound led 
to negative results, although carbon dioxide was evolved, and at lower temperatures than with 
o-chloronitrobenzene. Boiling 2: 2’-diaminodiphenyl and o-chloronitrobenzene in quinoline 
or in diethylaniline solution was likewise without positive result. 

An attempt to prepare (I) by heating 2 : 2’-diaminodiphenyl with o-nitrophenyl p-toluene- 
sulphonate (Ullmann and Nadai, Ber., 1908, 41, 1872) and (a) quinoline, or (b) sodium acetate 
gave unworkable oils. 

NN’-Diacetyl-2 : 2'-di-o-nitrophenylaminodiphenyl was prepared by boiling 2: 2’-di-o-nitro- 
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phenylaminodipheny] with excess of acetic anhydride containing a trace of concentrated sulphuric 
acid (essential) for 10 minutes. Unless the acetic anhydride was of good quality, acetylation 
did not take place. The colour changed from red to pale brown. The solution was poured 
into water, and the precipitated product crystallised from glacial acetic acid in faintly yellow 
prisms (Found by heating at 120°: C,H,O,, 13-4. C,,H,.O,N,,C,H,O, requires C,H,0O,, 
15-3%). It crystallises from methyl alcohol or ethyl acetate in large, faintly greenish rhombs, 
m. p. 246—249° (Found: *C, 65-7; H, 4:1; N, 10-9. C,,H,,O,N, requires C, 65-9; H, 4-3; 
N, 11-0%). The methyl-alcoholic residual liquor deposited a mixture of rhombs and long, pale 
greenish-yellow needles: the latter were not further examined. 

2-0-Nitrophenylamino-2'-aminodiphenyl + was prepared in greatest quantity as described 
under the preparation of 2: 2’-di-o-nitrophenylaminodiphenyl from 2 : 2’-diaminodipheny] 
(20 g.), o-chloronitrobenzene (150 g.), and potassium carbonate (80 g.) for 35 hours at 205—208° 
(yield, 6 g.; 18%). It crystallised best from alcohol in rosettes of orange prisms, m. p. 113— 
114-5°. It is much more soluble in all solvents than is (I). Orange crystals were also obtained 
from carbon tetrachloride (Found: N, 13-9. C,,H,,O,N; requires N, 13-8%) or ligroin; but 
scarlet crystals were mixed with orange when crystallisation was carried out from methyl 
alcohol, acetone (and water), benzene (and ligroin) (Found : N, 13-8%). Mixed m. p. determin- 
ations also showed that the two forms were of the same substance. 

Treatment with hydrochloric acid converted it into the hydrochloride, which crystallised very 
slowly from glacial acetic acid in bright scarlet crystals (Found: N, 12-4. C,,H,,;0,N,,HCl 
requires N, 12-3%). It shrank slightly at 207° and melted at 222° with vigorous evolution of 
hydrogen chloride, leaving the original amine; there was no sign of closure of the ring to form 
o-nitrophenylcarbazole. The production of the last-named compound is under consideration. 

Heating 2-o-nitrophenylamine-2’-aminodiphenyl] with o-chloronitrobenzene gave only small 
amounts of (I). 

2-0-Nitrophenylamino-2'-diacetylaminodiphenyl, prepared by boiling 2-o-nitrophenylamino-2’- 
aminodiphenyl witb acetic anhydride for 5 minutes, crystallised from ethyl acetate in bright 
scarlet prisms, m. p. 192—194° (Found: *C, 67-9; H, 4-9; N, 10-7. C,,H,,O,N; requires C, 
67-9; H, 4:9; N, 10-8%). 

2 : 2’-Di-o-aminophenylaminodiphenyl (I1).—2: 2’-Di-o-nitrophenylaminodiphenyl (5 g.), 
glacial acetic acid saturated with hydrogen chloride (75 c.c.), and stannous chloride (5 g.) were 
boiled together, and, at intervals, three further quantities (5 g. each) of stannous chloride were 
added, and hydrogen chloride passed into the solution. The red colour gave place to green 
(about 2 hours). After further heating (2 hours) most of the acetic acid and hydrogen chloride 
was evaporated, the residue poured into excess of concentrated caustic potash solution, and the 
precipitate collected, dissolved in dilute hydrochloric acid (charcoal), reprecipitated with alkali, 
washed, and dried. The salmon-pink product (4-1 g.), recrystallised from toluene and then from 
ethyl acetate, formed small white needles, m. p. 225—227° (2-2 g.; 50%) [Found: N, 15-1; 
M (Rast), 380. C,,gH,.N, requires N, 15-3%; M, 366]. 

The same result was obtained by reducing the nitro-compound (I) with tin, concentrated 
hydrochloric acid, and alcohol (10 hours). This agreement eliminates the possibility that 
reduction with acetic acid and hydrogen chloride might have produced a benziminazole. 

The amine (II) is fairly or slightly soluble in most of the usual solvents, but is insoluble in 
boiling methyl or ethyl alcohol or ether. 

2: 2’-Di-1” : 2” : 3"-benztriazolyldiphenyl (I11).—2 : 2’-Di-o-aminophenylaminodipheny] (2-4 
g.) was dissolved in hot glacial acetic acid (200 c.c.; a large excess to avoid formation of tar) 
and cooled in ice, and aqueous sodium nitrite (considerable excess) added. The red liquid was 
left in ice for 4 hour and at room temperature for 3 hours and then slowly diluted with water to 
produce a slow deposition of pale brown crystals (2-3 g.), which crystallised from benzene in 
large colourless prisms softening at 184°, m. p, 195° (Found : N, 18-4; CgHg, 16-8. CygHygN¢,CeHe 
requires N, 18-0; C,H,, 16-7%). Heated at 120°, the crystals lost benzene, and then melted 
at 194—196° without decomposition [Found : N, 21-8; M (Rast), 379. C.,H,,N, requires N, 
21-7%; M, 388]. The substance crystallised in rosettes of hexagonal-ended prisms from 
alcohol, m. p. 178—186°; similarly from methyl alcohol, or glacial acetic acid; all probably 
containing solvent of crystallisation. It was fairly soluble in carbon tetrachloride, ethyl acetate 
or acetone, and slightly soluble in ether. : 

1: 1’-Dicarbazyl (IV).—The foregoing benztriazole (2-3 g.) was gently heated to effect a 


+ The m. p. of N-o-nitrophenylbenzidine is 145—148° (nncorr.), It was inadvertently omitted in 
J., 1926, 3035. 





° 


oe eK Ooo Ss 


8% bot BA. oe OA 


Nelmes and Tucker: The Dicarbazyls. Part V. 1523 


continuous evolution of nitrogen: a yellow fume was produced without explosion, The melt 
was finally boiled vigorously. It was extracted with benzene (charcoal, 5 minutes), and the 
benzene evaporated. The residue (1-2 g.) crystallised from carbon tetrachloride in rosettes of 
greenish needles, m. p. 172—174°; but after recrystallisation from glacial acetic acid diluted with 
a few drops of water, and then from glacial acetic acid (violet fluorescence), large colourless 
prisms were obtained (Found: C,H,O,, 26-9. C,H ¢N,,2C,H,O, requires C,H,O,, 26-6%). 
1: 1'-Dicarbazyl (freed from acetic acid) is a white powder, m. p. 205—207° [Found : *C, 86-5; 
H, 4:8; *N, 8-4; M (Rast), 328. C,,H,,N,. requires C, 86-7; H, 4:8; N, 8-4%; M, 332]. A 
benzene solution of 1: 1’-dicarbazyl, diluted with ligroin, gave long needles. It is readily 
soluble in methyl or ethyl alcohol and very soluble in ethyl acetate, acetone, chloroform or 
anisole. 

1: 1’-Dicarbazyl is a white substance possessing a slight violet fluorescence, It dissolves 
in cold concentrated sulphuric acid to give a faintly green solution, unchanged on warming, but 
turned intense bluish-green on addition of a trace of nitric acid: on warming, the colour fades 
to yellow. The fluorescence and colour changes are exhibited similarly by carbazole, 9: 9’-, 
3: 3’-, and the 265°-melting dicarbazyls. 


We wish to thank Mr. James Cameron for several estimations by the macro-method, also 
the Department of Scientific and Industrial Research for a grant to one of us (T. F. M.) 
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360. The Dicarbazyls. Part V. Synthesis of 3:9’-Dicarbazyl. 
By MARGARETTA C. NELMES and S. Horwoop TUCKER. 


SYNTHESES of 1: 1’-dicarbazyl (Macrae and Tucker, preceding paper), 3 : 3’-dicarbazyl 
(Tucker, J., 1926, 3033; Maitland and Tucker, J., 1927, 1388), and 3 : 9’-dicarbazyl, herein 
described, have shown that none of these is identical with the 265°-melting dicarbazyl of 
Perkin and Tucker (J., 1921, 119, 216), which also is not 9 : 9’-dicarbazyl (McLintock and 
Tucker, J., 1927, 1214). 

The synthesis of 3:9’-dicarbazyl (VI) from 9-f-nitrophenylcarbazole (I) has been 
effected according to the scheme : 


US Sg 


_—> N > N — —-> N 
HN NO, NCNyy HN 
(II.) 


(III.) (V.) (VI.) 


9-p-Nitrophenylcarbazole (I) was prepared by a modification of the method of G- 
and M. de Montmollin (Helv. Chim. Acta, 1923, 6, 96). Its constitution was established 
indirectly by them, but we have synthesised it directly by heating together carbazole, 
p-chloronitrobenzene, and potassium carbonate. A synthesis of 9-o-nitrophenylcarbazole 
was effected similarly. In the condensation of nitrobenzene with carbazole no 9-o-nitro- 
phenylcarbazole appears to be formed, the sole products being the p-analogue and an un- 


crystallisable liver-coloured solid. 
The claim that p- is more reactive than o-chloronitrobenzene towards amines (7-2 : 1-9) 


(Ann. Reports, 1929, 135) is difficult to test with regard to carbazole; for, although the 
yield of 9-p-nitrophenylcarbazole (58%) is greater than that of the corresponding o-com- 
pound (10%), the time of heating for the former (10—12 hours) is longer than that which 
gives the optimum yield for the latter (3 hours). 
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EXPERIMENTAL. 


All m. p.’s are corrected. Micro-analyses were performed by Dr. A. Schoeller, and are 
marked *. Molecular weights were taken in camphor by Rast’s method. 

9-p-Nitrophenylcarbazole (1)—A mixture of carbazole (100 g.), nitrobenzene (400 c.c.), 
and potassium hydroxide (75 g. powder) was heated in a water-bath from room temperature 
to 80° (} hour) and kept at this temperature for 1 hour, then in boiling water for $ hour, with 
frequent and vigorous shaking. The mixture, poured into a beaker, was left to cool in the 
water-bath in order to produce large crystals and a product relatively easy to filter. The 
solid product, washed with ligroin and with warm water and crystallised once from glacial 
acetic acid, gave practically pure 9-p-nitrophenylcarbazole (80 g.), m. p. 209—211° [M. and M., 
loc. cit., give 212° (uncorr. ?)]. The filtrate, on long standing, gave a second crop (4g.). The 
nitrobenzene filtrate, to which the ligroin washings had been added, gave a further small crop 
and left after steam distillation a liver-coloured residue (160 g.) which contained only a trace 
of 9-p-nitrophenylcarbazole. -Nitrophenol also was present. 

The total yield of 9-p-nitrophenylcarbazole was thus increased from 33% obtained by the 
de Montmollins’ method (they claim 70%) to 50% : this was never exceeded. Various changes 
in the temperature and time of heating were possible without lowering the yield by more than 
10%. This modified method is being applied to effect reactions excluded by the older method. 

9-p-Nitrophenylcarbazole is insoluble in ligroin or methyl alcohol and almost insoluble in 
ethyl alcohol; it is more soluble in benzene or nitrobenzene than in glacial acetic acid or acetone, 
from all of which it crystallises well. 

Synthesis of 9-p-Nitrophenylcarbazole.—A mixture of carbazole (5 g.), p-chloronitrobenzene 
(20 g.), and potassium carbonate (20 g. anhydrous) was gently boiled (with frequent shaking) 
for 10—12 hours. The product was steam-distilled, and the residue dried and extracted with 
glacial acetic acid. The solid obtained from the acetic acid extract was extracted with alcohol, 
and the residue extracted with acetic acid. From the alcoholic extract, carbazole (2 g.) was 
recovered, The acetic acid solution yielded brownish-yellow crystalline 9-p-nitrophenyl- 
carbazole (3 g.; yield, calculated on unrecovered carbazole, 58%) melting, alone or mixed with 
a specimen prepared as above, at 209—211° (Found: M, 282, 293. Calc.: M, 288). 

9-p-Aminophenylcarbazole (II) was obtained by reduction of 9-p-nitrophenylcarbazole 
with tin and hydrochloric acid as a golden syrup (uncrystallisable) (yield, 80%). It gave the 
acetyl derivative, 9-p-acetamidophenylcarbazole, m. p. 260°, hydrochloride (Found: HCI, 
12-3; Cl, by alcoholic silver nitrate solution, 11-9. Calc.: HCl, 12-4; Cl, 12-1%), and picrate, 
m. p. 202° (decomp.) (G. and M. de Montmollin, zb7d.). 

9-p-(o-Nitrophenylamino)phenylcarbazole (II1) was prepared by heating a mixture of 9-p- 
aminophenylcarbazole (15 g.), o-chloronitrobenzene (150 g.), and sodium carbonate (60 g. 
anhydrous) at 240° with frequent shaking for 6—8 hours. Unchanged o-chloronitrobenzene 
was removed by steam-distillation, and the remaining brown solid extracted several times with 
carbon tetrachloride. The solution, on slow evaporation in the air, deposited carmine-red 
needles, which redissolved with difficulty in solvents and crystallised slowly or only on slow 
evaporation of the solvent. When nearly pure, however, it crystallised normally from acetone 
or benzene in ruby-red rods, m. p. 181—185° (6 g.; yield, 40%) (Found: C, 75-9; H, 4:5; 
N, 11:2; M, 365. C,,H,,O,N, requires C, 76-0; H, 4:5; N, 11-1%; M, 379). The picrate 
crystallised from glacial acetic acid in orange needles, m. p. 170°. The acetyl derivative, pre- 
pared by means of boiling acetic anhydride and a drop of sulphuric acid (15 minutes), crystal- 
lised from benzene as orange needles, m. p. 205—207° (Found: N, 10-1; M, 416. C,H, 0;N; 
requires N, 10:0%; M, 421). 

9-p-(0-A minophenylamino)phenylcarbazole (IV) was obtained by boiling (15 minutes) the 
nitro-compound with stannous chloride in glacial acetic acid saturated with hydrogen chloride. 
After most of the mixed acids had been boiled off, the residue was treated with excess of sodium 
hydroxide solution, and the warm mixture extracted with benzene. The yellow syrup obtained 
on evaporation was extracted with hot ligroin (b. p. 80—100°); the solution, on cooling, gave 
clusters of cream-coloured nodules, m. p. 115—116° (yield, about 80%) (Found: C, 82-4; H, 
5-4; N, 11-9; M, 341. C,,H,,N; requires C, 82-5; H, 5-4; N, 120%; M, 349). It gavea 
picrate, m. p. 137°, and an acetyl derivative, probably 9-p-(o-acetamidophenylamino) pheny!- 
carbazole, as white needles, m. p. 180—181° (Found: C, 79-4; H, 5-4; N, 10-6; M, 384. 
C,¢H,,;03N; requires C, 79-8; H, 5-4; N, 10-7%; M, 391). 

9-p-1" : 2” : 3’’-Benztriazolylphenylcarbazole —_ (V).—9-p-(o-Aminophenylamino)phenylcarb- 
azole (6 g.) was diazotised (in ice) with sodium nitrite and dilute hydrochloric acid solution, 
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and the mixture left (in ice) over-night. The brownish-red solid which separated crystallised 
from acetic anhydride as salmon-pink cubes (4-8 g.; yield, 80%), m. p. 163° (Found: N, 15:4; 
M, 354. C,.,H,,N, requires N, 15-69%; M, 360). 

3 : 9’-Dicarbazyl (V1).—The preceding benztriazole (2 g.) was heated gently, in a long Pyrex 
tube over a small flame, until effervescence ceased. The residue was extracted with toluene 
(charcoal), and the solution concentrated; white prisms arranged in crosses crystallised (1 g. ; 
yield, 55%), m. p. 212—214° (208—210° uncorr.) (Found *: C, 86-6; H, 4:9; N, 8-3; M, 337. 
C.yH,.N, requires C, 86-7; H, 4:8; N, 84%; M, 332). 3: 9'-Dicarbazyl is fairly readily 
soluble in benzene, xylene, acetone, ethyl acetate, or chloroform, almost insoluble in methyl, 
ethyl, or 2-propyl alcohol, and insoluble in carbon tetrachloride or ligroin. It dissolves in cold 
concentrated sulphuric acid to give a faintly green solution, which loses its colour on warming, 
but turns an intense green on addition of a trace of nitric acid; on warming, this colour fades to 
reddish-yellow. These changes are similar to those exhibited by carbazole and the dicarbazyls. 

9-A cetyl-3 : 9'-dicarbazyl—A solution of 3: 9’-dicarbazyl in excess of acetic anhydride 
containing a drop of concentrated sulphuric acid was boiled for a few minutes and then poured 
into hot water. The precipitate crystallised from glacial acetic acid in cream-coloured needles, 
m. p. 197° after softening at 190° (Found *: C, 83-7; H, 4:8; N, 7-4; M, 384. C,gH,,ON, 
requires C, 83-4; H, 4-8; N, 75%; M, 374). 

Synthesis of 9-0-Nitrophenylcarbazole.-—A mixture of carbazole (20 g.), o-chloronitrobenzene 
(40 g.), and potassium carbonate (20 g. anhydrous) was boiled gently, with frequent shaking, 
for 3 hours, then steam-distilled. The residue was extracted with glacial acetic acid, and the 
solution evaporated to dryness. The residue was extracted with alcohol. The first two ex- 
tracts yielded golden-coloured needles of 9-0-nitrophenylcarbazole, m. p. 156° (3 g.; yield, 
10%) (Found *: C, 74-8; H, 4-4; N, 9-6; M, 291. C,,H,,O,N, requires C, 75-0; H, 4-2; N, 
97%; M, 288). Subsequent alcoholic extracts gave carbazole only. 9-o-Nitrophenyl- 
carbazole is readily soluble in glacial acetic acid or benzene; it crystallises from aqueous acetic 
acid or carbon tetrachloride, but best from methyl or ethyl alcohol. 

In certain experiments 0o’-dinitrodiphenyl ether, m. p. 113—114° (uncorr.) (Macrae and 
Tucker, Joc. cit.), was also produced: its separation by means of ligroin was difficult (small 
yield). 

An attempt to prepare 9-o-nitrophenylcarbazole by heating together carbazole (8 g.), 9- 
nitrophenyl p-toluenesulphonate (Ullmann and Nadai, Ber., 1908, 41, 1871) (20 g.), and potass- 
ium hydroxide (15 g., dry powder) in acetone (50 c.c.) (Stevensand Tucker, J., 1923, 123, 2140) gave, 
instead of the desired compound, a nearly theoretical yield of both 9-p-toluenesulphonylcarbazole, 
m. p. 129—134° (from alcohol) (Cassella, 1909, D.R.-P. 224951; Herz, 1910, A.P. 966092, give 
m. p. 127—128°), and o-nitrophenol. 

9-o-Aminophenylcarbazole was obtained by reduction (tin and hydrochloric acid solution) 
of 9-o-nitrophenylcarbazole as a golden syrup (uncrystallisable) (yield, 75%). When this 
syrup was warmed with acetic anhydride, 9-o-acetamidophenylcarbazole was obtained, which 
gave cream-coloured cubes from benzene-ligroin, m. p. 150° (Found : N, 9-2; M, 307. Cy9H,,ON2 
requires N, 9-3%; M, 300). 


UNIVERSITY OF GLASGOW. [Received, September 9th, 1933.] 





361. On the Vaporous State of Myristic Acid Films on 
Aqueous Solutions. 


By S. A. Moss and E. K. RIDEAL. 


TRAUBE, as a result of measurements on the lowering of the surface tension of water by 
soluble capillary-active substances, concluded that the relationship between the surface 
concentration I and the lowering of the surface tension F could be expressed by the 
equation F/T = RT or FA = RT where A=1/I. The resemblance between this 
equation and the analogous equation for a perfect gas PV = RT led Traube (Annalen, 
1891, 265, 27) to the hypothesis of the applicability of the kinetic theory to surface films. 
Langmuir (J. Amer. Chem. Soc., 1917, 39, 1883) modified this concept by suggesting that 
insoluble films fail to show this “‘ gas ’’ pressure owing to a marked lateral attraction between 
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the hydrocarbon chains which are long enough to cause insolubility. Such films resemble 
liquids rather than gases. Langmuir observed that surface liquids might be expected to 
exert a vapour pressure. The consequences of the applicability of the kinetic theory to 
surface films were examined in detail by Schofield and Rideal (Proc. Roy. Soc., 1925, A, 
109, 57), who showed that the departures of FA/RT from unity for large values of F could 
readily be accounted for on the same basis as is advanced for. the inapplicability of the 
Boyle—Charles law to compressed gases and of the van ’t Hoff law to strong solutions. 

For small values of F, the proportionality between F and I has been established in 
numerous cases for the surface phase of soluble capillary-active substances, and no extended 
interpolation is required to show that at infinite dilution FA/RT does indeed attain the 
value of unity as is required by theory. For the long-chain acids, C, and C,9, which, from 
the data of Frumkin and the analysis by Schofield and Rideal, we conclude are gaseous 
films, the interpolation required is more extended but still reasonable. Films of the acids 
C,, and C,, resemble liquids, the liquid expanded phase of Adam (‘‘ The Physics and 
Chemistry of Surfaces’’), rather than vapours. The fluid character of these films within 
the region of their existence may readily be observed from the resemblance of the curves 
of the FA/RT-F characteristics to those for the isothermals of carbon dioxide below its 
critical temperature. The existence of a true vaporous phase for these substances, postul- 
ated by Langmuir and by Schofield and Rideal, has been shown experimentally to exist 
by Adam. The pressures, however, are so low at ordinary temperatures that accurate 
measurements of the F—A characteristics are unattainable with the ordinary trough 
devised by Langmuir even with the modifications introduced by Jessop and Adam (of. cit.) 
and by Gorter (private communication). In order to complete the analogy between 
surface films and three-dimensional matter, it appeared desirable to determine with some 
accuracy the F—A relationship for such vaporous films. Whilst it is to be anticipated that 
a direct proportionality might hold between F and I or 1/A analogous to that between 
P and 1/V for a highly rarefied gas, it is by no means certain, especially in the light of 
the observations of Langmuir noted above, that the molecules of the long-chain acids exist 
as single unassociated molecules even in extreme two-dimensional dilution. If they were 
associated with an invariant molecular number in the complex over the existence of the 
phase the equation applicable would be FA = xRT, where 1/x represents the association 
factor. 

A modified trough was designed by Marcelin (Ann. Physique, 1925, 3, 481) and employed 
by Delaplace (J. Physique, 1928, 9, 111) as well as by Guastalla (Compt. rend., 1929, 189, 
241); the last took great precautions against leakage, a defect of the earlier apparatus. 
He examined films of oleic acid over a range of molecular area from 45 A.? to 30,000 A.2. 
This substance is rather prone to autoxidation on aqueous surfaces but it is worth noting 
that he failed to obtain a consistent value for x, which varied from 1/20 for the region 
500 A.2 to 5000 A.? and with increasing area rose towards the value x = 1 on extended 
interpolation at 30,000 A.2. 

EXPERIMENTAL. 


The apparatus, depicted in Fig. 1, consists essentially of a shallow rectangular brass trough 
divided into two sections by means of a brass strip through its middle. This strip is broken at 
its centre and a floating barrier is placed at right angles through the gap. The float itself, 
depicted in Fig. la, consists of a waxed copper wire suspended in the middle by a phosphor- 
bronze torsion wire in a tube rigidly attached to the trough by means of a girder. Barriers 
consisting of fine silk threads coated with vaselin are fastened by means of wax to the two ends 
of the float AA’ and to thin brass strips (B) suspended from the upper structure. When the 
upper structure is fastened to the trough these metal strips press lightly against the sides of the 
trough, thus preventing leakage. To the two central terminations (C,C’) and to the sides of 
the central brass strip vaselined silk threads are attached in addition. 

In this manner the trough is cut up into four sections and is so divided by the movable barrier 
that a film placed on the water surface in W can pass freely from W to Z but the surfaces X 
and Y are kept uncontaminated by the vaselined silk barriers. The float and upper structure 
with the torsion wire are easily removable for the purpose of cleaning. Between the float and 
the torsion wire is an aluminium post E to which is attached horizontally a fine glass fibre (F). 
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The end of the fibre presses against a mirror suspended by a silk thread (G). Movement of the 
mirror is recorded on a scale by means of a reflected beam of light. 

On the underside of the float just beneath the post E is a small steel bearing which rests on 
the points of a gramophone needle which is suspended from the upper structure. This prevents 
any forward or backward motion of the float. Both the gramophone needle and the torsion 
wire can be raised or lowered so that the point just touches the bearing and the minimum friction 
is obtained when the float is just resting on the surface of the liquid. The torsion wire is set in 
a head which can be rotated for the purpose of centring the float. Near each end of the float is 
soldered a vertical iron post (H and H’) of about the same diameter as the wire of the float. The 
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post H rests between the jaws of a clamp fastened to the upper structure. This clamp when open 
prevents the float from swinging too far and breaking the barriers. It can also be closed 
tightly to facilitate the removal of the upper structure for cleaning purposes. The other post 
(Fig. 1b) just touches a micrometer screw head which indicates the amount of movement of the . 
float. The whole apparatus is mounted on a brick pier in a cellar maintained at 17°, and is 
enclosed in a housing constructed of insulating wood provided with the necessary observation 
and control windows. 


Fic. 1b. Fic. 2. 
Micrometer Screw Head. Myristic acid at 17°. 











s (difference). 
m.) 
8 


iS 


=1:0 dyne per cm. 


Wf; 


LIM EEETII 








(700° 


a ee 























Ss 





Micrometer head readin 


2000 6090 10,000 14,000 
Square Angstroms/ molecule 


To determine a film pressure, the float is centred by means of the torsion head, and time is 
given for the torsion wire and float to attain true equilibrium. When a slight jarring produces 
no change in the position of the spot of light from the mirror, equilibrium has been reached. The 
micrometer head is then screwed up until it just touches the post H’. The exact position of 
contact is noted by the first movement of the light spot. Next, the micrometer head is released 
and all four surfaces are cleaned by means of waxed glass slides. When the cleaning of sections 
W and Z produces no change in the position of contact of the micrometer head, the surface is 
considered clean. The micrometer head is read and released, and a drop of solution in light 
petroleum is placed by means of an “‘ Agla”’ micrometer syringe in either section Wor Z. Aftera 
few minutes the head is again brought in contact with H’. The head is then released, and a 
second drop added and the procedure repeated. The difference in head readings indicates the 
film pressures, 
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Great care must be taken thoroughly to wash the “‘ Agla ”’ pipette with light petroleum before 
each run; otherwise, small amounts of myristic acid, left on evaporation of the solvent in the 
needle, change the reading appreciably. 

To calibrate the instrument, the float clamp is removed, and a bar magnet brought near the 
iron post H. The deflexion caused is recorded by the micrometer head and the distance from 
the magnet to the post H is carefully measured. This is repeated for different positions of the 
magnet, and a curve of deflexion—distance is obtained. The iron post is then removed from the 
float and weighed in a balance. The same magnet is placed over it and the loss in weight 
recorded for various distances. From these two sets of measurements the micrometer head 
readings are converted into dynes/cm. 

In Fig. 2 are given the micrometer head readings and the two-dimensional pressures obtained 
for films of myristic acid at 17° on water as a function of the apparent molecular area. This 
curve, within the experimental limits of accuracy, is a rectangular hyperbola, thus obeying the 
equation FA = K. If K = *RT at 17°, we find xR = 4-18 x 10’ ergs/degree, whence 7 = 0-5. 
It would appear possible that, for these long-chain fatty acids below the critical temperature, 
the molecules exist in an associated state in the two-dimensional vaporous phase, and that there 
are two molecules of acid in each associated complex. From the constancy of the product FA, 
even at large areas, it is clear that the complex is extremely stable. 


Notes. 


[Received, October 19th, 1933.] 





NOTES. 


The Colouring Matter on the Stems of the Tomato. By B. K. BLount. 


THE staining of the fingers due to handling tomato (Lycopersicum esculentum) plants is caused 
by an exudation of minute liquid droplets, which occurs on the stalks, giving them their peculiar 
sheen, but not on the leaves. 

The colouring matter was readily isolated, and preliminary investigation indicated that it 
was probably a flavonol glycoside. It was therefore hydrolysed with dilute acid, yielding a 
sugar-free compound identified as quercitin by its properties and those of its acetyl derivative. 
The original colouring matter was consequently a glycoside of quercitin, and its properties 
suggested that it might be rutin, a quercitin-3-rhamnoglucoside. Analysis, and direct com- 
parison with a specimen obtained from common buckwheat (Polygonum fagopyrum), proved this 
to be the case. 

Isolation of the Colouring Matter.—The stems of tomato plants were rubbed with pieces of linen 
(about 10 cm. square), care being taken to avoid breaking the skin. When saturated they were 
dried, and the process was repeated. The colouring matter was extracted from the cloth with 
alcohol (Soxhlet), and the extract concentrated and mixed with ether. The amorphous yellow 
precipitate crystallised from dilute alcohol, and after four recrystallisations, with filtration 
each time from traces of resinous material, pure rutin was obtained as small, pale greenish- 
yellow needles. The substance changed at 185—190° into a thick resin; the same-behaviour 
was noticed with authentic rutin and with a mixture of the two (Found in material dried on the 
water-bath and then exposed to the air for some hours: C, 49-1; H, 5-5; loss at 160° in a high 
vac., 8:3. Calc. for C,,H390,4,3H,O: C, 48-8; H, 5-4; loss, 8-1%. Found in material dried 
at 160°: C, 53-2; H, 5-1. Calc. for C,,H30,,: C, 53-1; H, 49%). The yield of pure rutin 
was about 10 mg. per tomato plant. 

Hydrolysis to Quercitin.—The above glycoside (50 mg.), when boiled with 2% sulphuric acid 
(40 c.c.), went into solution, and after about 1 hour crystals began to separate. After 2 hours 
the mixture was cooled, and the solid collected. The filtrate was practically colourless. The 
flavonol, crystallised twice from dilute alcohol, formed yellow needles, m. p. 313—314° (decomp.) 
with previous blackening, alone or mixed with quercitin (Found in air-dried material: C, 53-4; 
H, 4-2; loss at 130° in a high vac., 10-8. Calc. for C,;H,0,,2H,O: C, 53-4; H, 4:1; loss, 
10-7%. Found in material dried at 130°: C, 59-9; H, 3-4. Calc. for C,;H,,O,: C, 59-6; 


The acetyl derivative, prepared by heating the flavonol with acetic anhydride and a trace of 
camphorsulphonic acid, melted, alone or mixed with penta-acetyl quercitin, at 195° (Found : 
C, 58-5; H, 3-9. Calc. for C,;H,,0,,: C, 58-6; H, 3-9%). 
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The author is grateful to Professor Robinson for specimens of rutin and quercitin, and to the 
Royal Commissioners for the Exhibition of 1851 for a Senior Studentship.—THE Dyson PERRINS 
LABORATORY, OxForD. [Received, October 9th, 1933.] 
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7-Phenylthio-derivatives of Deoxybenzoin. By WILLIAM A. MITCHELL and SAMUEL SMILEs. 


PosNnER (Ber., 1902, 35, 506) has shown that the condensation of benzoin with thiols yields the 
7: 7'-bisaryl(alkyl)thio-derivatives of stilbene (IV). If, however, the process is carried out in 
concentrated solution in alcohol with the less soluble thiols, the 7-arylthio-derivatives of deoxy- 
benzoin (III) may be isolated. These substances are also formed by acetylative reduction of 
the monomercaptols of benzil (I), followed by alkaline hydrolysis of the 7’-acetoxy-7-arylthio- 
stilbene (II) produced. 


(ArS),CPh*COPh —-> ArS*CPhiCPh-OAc —> ArS*CHPh*COPh —> ArS:CPh?CPhSAr 
(I.) (II.) (III.) (IV.) 


(v.) (ArS),CPh-CH,*SAr (ArS),CPh*CHPh:SAr (VI) 


The 7-arylthio-derivatives of deoxybenzoin (III) are converted into the stilbene derivatives 
(IV) by further reaction with phenylthiols and into the monomercaptols of benzil (I) by reaction 
with disulphoxides in alkaline solution (Brooker and Smiles, J., 1926, 1724). Benzoylcarbinol 
or its acetate yields with phenylthiols derivatives of type (V). This fact and the conversion of 
(I) into (II) appear to support Posner’s assumption that the production of (IV) from a thiol 
and benzoin is preceded by formation of (VI), which subsequently loses a molecule of the thiol. 
Attempts to remove a molecule of the thiol from (V) were, however, unsuccessful. 

Types (II) and (III) are illustrated by the derivatives of phenylthiol and 5-chloro-2-methoxy- 
phenylthiol. 

7'-Acetoxy-7-phenylthiostilbene, obtained by reducing the phenylmercaptol of benzil with 
zinc and acetyl! chloride in ether, formed needles, m. p. 141°, from alcohol (Found: C, 76-3; 
H, 5-3; S, 9-4. C,,H,,0,S requires C, 76-3; H, 5-2; S, 9-2%). When hydrolysed, it gave 
7-phenylthiodeoxybenzoin, m.p. 81° (Found: C, 78-4; H, 5-2; S, 10-5. C,9H,,OS requires 
C, 78-9; H, 5-3; S, 10-5%). 

7-(5-Chloro-2-methoxyphenylthio)-7'-acetoxystilbene, obtained by reduction of the corresponding 
mercaptol of benzil (m. p. 178°), had m. p. 114° (Found: C, 66-9; H, 4-3. C,3H,,O3CIS requires 
C, 67-2; H, 4-6%). It was hydrolysed in alcohol by the calculated amount of sodium ethoxide, 
yielding 7-(5-chlovo-2-methoxyphenylthio)deoxybenzoin, m. p. 102° (Found: C, 68-6; H, 4-7. 
C,,H,,0,CIS requires C, 68-4; H, 4:6%). This was also obtained by the condensation of 5- 
chloro-2-methoxyphenylthiol with benzoin in alcohol with dry hydrogen chloride. By using 
excess of the phenylthiol in this condensation, 7 : 7’-bis-(5-chloro-2-methoxyphenylthio)stilbene, 
m. p. 208°, was isolated (Found: C, 63-4; H, 4-1. C,gH,.0,Cl,S, requires C, 64-0; H, 4:2%). 

The phenylmercaptol of w-phenylthioacetophenone (V) was obtained by the interaction of 
dry hydrogen chloride, benzoylcarbinyl acetate (1 mol.), and phenylthiol (3 mols.) in alcohol 
(5—10°). It had m. p. 82° (Found: C, 72-4; H, 4:9; S, 22-4. C,,H,.S, requires C, 72-5; 
H, 5:1; S, 22-3%).—Kina’s CoLtece, Lonpon. [Received, September 13th, 1933.] 





1: 4-Selenothian. By Cuar Les S. Gipson and JouNn D. A. JOHNSON, 


THE preparation of 1 : 4-selenoxan by the interaction of 88’-dichlorodiethyl ether and sodium 
selenide (J., 1931, 266) suggested the possibility of preparing the analogous 
1: 4-selenothian by the action of (i) sodium sulphide on §§’-dichlorodiethyl 
H.C“ \CH, selenide (Bell and Gibson, J., 1925, 127, 1877) or (ii) sodium selenide on £§’- 

H.C CH, dichlorodiethyl sulphide. 
t< (i) When treated with an aqueous solution of sodium sulphide, 88’-dichloro- 
diethyl selenide decomposed readily .with evolution of an inflammable gas 

(? ethylene), selenium being precipitated. 

(ii) 88’-Dichlorodiethyl sulphide (25-4 g.) was boiled for 4 hours under reflux with aqueous 
sodium selenide prepared from aluminium selenide (60 g.) (Johnson and Gibson, Joc, cit.). 
Distillation in steam removed a crystalline material which, on recrystallisation from ethyl 
alcohol, gave 1: 4-selenothian, colourless thin plates, m. p. 107° (Found: C, 28-9; H, 4-9; 
Se, 47-9. C,H,SSe requires C, 28-7; H, 4-8; Se, 47-3%), in small yield. 
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1 : 4-Selenothian resembles dithian in its ready volatility in steam and in ethyl alcohol vapour 
and in odour and crystalline appearance. Since dithian (m .p. 112°) does not depress the m. p. 
(107°) of selenothian, the two substances are not readily distinguished from each other: they 
appear to form solid solutions. Selenothian reacts very readily with bromine, but the product 
has not been investigated in detail. 

The interaction of aluminium selenide (17 g.) and $8’-dichlorodiethyl sulphide (14-3 g.) for 
1} hours at 150—170° was also investigated. The product was cautiously treated with water 
and then submitted to steam distillation, but the only compound obtained from the distillate 
was dithian, Hydrogen selenide was evolved in considerable quantity. On a larger scale 
the evolution became difficult to control and owing to the distressing physiological action of the 
gas one of us (J. D. A. J.) was seriously incapacitated. Chiefly for this reason the more complete 
investigation of 1 : 4-selenothian, which will involve the preparation of larger quantities, has 
had to be postponed.—Guy’s HosPpiITaL MEpIcaL SCHOOL, UNIVERSITY OF LONDON, LONDON, 
S.E. 1. [Received, September 25th, 1933.] 





Some Physical Constants of Thioxan, Selenoxan, and Dithian. By Joun D. A, JOHNSON. 
TueE following physical constants of the pure materials are recorded : 


Boiling points (corr.) /mm. 
Thioxan : 69-9°/47, 86-5°/97, 100-0°/165, 109-8°/233, 129-7°/441, 137-7°/549. 
Selenoxan : 79-5°/37, 100-8°/95, 119-7°/183, 138-7°/330, 148-9°/440, 156-6°/548. 
Dithian: 115-6°/60, 133-2°/119, 144-3°/170, 154-7°/232, 158-0°/252, 163-7°/306. 
Refractive indices (nj}’). 
Thioxan, 1-5081 (m. p. — 17°); selenoxan, 1-5480 (m. p. — 21-5°) (Gibson and Johnson, 
J., 1931, 266); dioxan, 1-4217.—Guy’s Hospirat MEpicaL ScHOOL, UNIVERSITY OF LONDON, 
Lonpon, S.E. 1. [Received, September 25th, 1933.] 





Preparation of Homopiperonal. By HoLtGER ERpTMAN and RoBERT RoBINSON. 


HOMOPIPERONAL, hitherto a not readily accessible substance (compare Semmler and Bartelt, 

Ber., 1908, 41, 2751; Harries and Adam, Ber., 1916, 49, 1030; Rosenmund and Dornsaft, 
Ber., 1919, 52, 1742), has now been obtained from the so-called safrole glycol, 

CH,0,.C,H,°CH,*CH(OH)*CH,°OH, by Criegee’s method (Ber., 1931, 64, 260; compare Dimroth 

and Schweizer, Ber., 1923, 56, 1375), the only difficulty 

O-CH; being the formation of the glycol from safrole in good yield. 

DD. | Homopiperonal is very readily changed to the naphthalene 

CH, O derivative (I) under the influence of acid catalysts and 

5 therefore could not be converted into an isoflavylium salt 

O by condensation with O-benzoylphloroglucinaldehyde in 

(I.) the presence of hydrogen chloride (compare the condensation 

of O-acetylphloroglucinaldehyde dimethyl ether and homoveratraldehyde; Freudenberg, 

Carrara, and Cohn, Annalen, 1925, 446, 93). 

Safrole Glycol.—The smooth oxidation of safrole by sodium chlorate and osmium tetroxide 
could not be effected, nor could safrole oxide be hydrolysed to the glycol. The oxidation of 
safrole by means of potassium permanganate failed under the conditions (rather vaguely speci- 
fied) of Tiemann (Ber., 1891, 24, 2881); the claims of Wagner (ibid., p. 3489) were confirmed 
but not in respect of the yield. The best results were obtained as follows. 

Safrole (20 g.) was suspended in water (400 c.c.) containing ice, and a solution of potassium 
permanganate (30 g.) in water (1500 c.c.) was rapidly introduced into the very vigorously stirred 
mixture, ice being added when necessary to maintain the temperature at 0° throughout the 
oxidation, the final volume reaching 4000—4500 c.c. Sulphur dioxide was passed to dissolve 
the manganese sludge and the solution was then concentrated to 250 c.c., cooled, acidified with 
sulphuric acid, and extracted several times with ethyl acetate (in which the glycol is freely 
soluble; it is sparingly soluble in ether). The extract was shaken with 2N-sodium hydroxide 
to remove acids, dried (magnesium sulphate), and evaporated, leaving nearly pure glycol (9 g.), 
which was recrystallised from benzene and then distilled, b. p. 233—236°/20 mm. The crude 
mixture of piperonylic acid and preponderating homopiperonylic acid obtained from the alkaline 
extract weighed 4 g. 
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Homopiperonal.—Lead tetra-acetate (34 g.) was introduced in portions of 1—2 g. during 
3—4 minutes into a solution of safrole glycol (15 g.) in dry boiling benzene (300 c.c.) with vigorous 
shaking. After cooling, the lead acetate was collected and washed with benzene, and the 
filtrate shaken twice with water (300 c.c.). The benzene was then evaporated in a vacuum, 
and the residual crude homopiperonal distilled, b. p. 123—125°/1 mm. (yield, 9 g.). The 
oxime, m. p. 121°, crystallised from aqueous alcohol in long glistening needles (slow crystallis- 
ation) or in pearly leaflets (rapid crystallisation). Semmler and Bartelt give 124—125°, Harries 
and Adam give 115°, and Rosenmund and Dornsaft give 119—120° as the m. p. of this 
derivative (locc. cit.). 

The 2 : 4-dinitrophenylhydrazone was prepared in acetic acid solution and separated as orange- 
yellow leaflets; recrystallised from acetic acid, it had m. p. 140—141° (Found: N, 16-4. 
C,5H,,0,N, requires N, 16-3%). 

7:3’ : 4’-Bismethylenedioxy-2-phenylnaphthalene (1).—When hydrochloric acid (1 c.c., 


. 


d 1-16) was added to a mixture of homopiperonal (5 g.) and acetic acid (10 c.c.), a faint brownish 
colour appeared and after some minutes a colourless substance was precipitated; the solution, 
which tended to become hot, was cooled in running water. After 5 minutes the pale violet 
reaction mixture was semi-solid; methyl alcohol (10 c.c.) was added, and the solid collected 
(4—4:5 g.). This product was a mixture; it was dissolved in boiling acetic acid (100 c.c.) and, 
on cooling, about 2 g. of a substance separated which was obtained pure after several recrystallis- 
ations in leaflets, m. p. 200—201° (Found: C, 73-8; H, 4:3. C,,H,,O, requires C, 74-0; H, 
41%), soluble in sulphuric acid to a brown solution giving a greyish-green precipitate on 
addition of water. 

The mother-liquor from the first crystallisation had a marked violet fluorescence and con- 
tained, in addition to the above phenylnaphthalene derivative, m. p. 200—201°, and amorphous 
matter, at least one additional crystalline compound, faintly greenish-yellow needles, m. p. 
206—208°, but this substance has not yet been further investigated. 

Tribromopiperonylmethylenedioxynaphthalene.—The pure condensation product, m. p. 200— 
201°, was spread in a thin layer on a clock-glass and bromine, diluted with ten times its weight 
of chloroform, gradually added until no more was decolorised; hydrogen bromide was evolved. 
The product crystallised from much acetic anhydride in colourless needles, m. p. 165—167° 
(Found: Br, 45-1. C,,H,O,Br, requires Br, 45-4%%). 

Nitropiperonylmethylenedioxynaphthalene.—When the substance, m. p. 200—201°, suspended 
in acetic acid was treated with an excess of nitric acid diluted with acetic acid, it gradually 
passed into solution and was replaced by a precipitate of yellow needles, which after crystallis- 
ation from acetic acid melted at 225—228° (decomp.) (Found: N, 4:5. C,,H,,O,N requires 
N, 4:2%). This compound, probably a 6’-nitropiperonyl derivative, became brown under the 
action of light—THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, Sep- 
tember 28th, 1933.] 








ae-Dibromopentane. By Joun D. A. JOHNSON. 


as-DIBROMOPENTANE prepared from benzopiperidide and phosphorus pentabromide and purified 
as described by von Braun (Ber., 1904, 37, 3211; 1905, 38, 2338; Ger. Pat. 164365; ‘‘ Organic 
Syntheses,”’ Adams, vol. IX, p. 70) contains so much benzonitrile as to be almost unacted upon 
by magnesium in dry ether (compare von Braun, Ber., 1905, loc. cit.). 

Benzopiperidide (338 g.) was used in each of four preparations and after removal of the 
phosphorus oxybromide (ice and water) a mixture of dibromopentane and benzonitrile was 
obtained. Three-quarters of this was worked up as described by von Braun, except that the 
hydrolysis with 40% hydrobromic acid was prolonged to 16 hours. The material isolated had 
d 1-604 (approx.), nj" 1-5160, b. p. 93—95°/10 mm.—constants which indicated that it con- 
tained 15—16% of benzonitrile. Experiments on the remaining quarter showed that the 
ligroin-sulphuric acid process of purification suggested by Dix and Yoder (J. Amer. Chem. 
Soc., 1921, 48, 1366) and by Clarke (J., 1913, 103, 1703) could be made practicable, the loss of 
dibromide by decomposition by the concentrated sulphuric acid being quite small. 

The following process has therefore been devised. After removal of the phosphorus oxy- 
bromide (above) the crude mixture is washed and distilled (this operation prevents the dangerous 
evolution of hydrogen bromide which would occur during the subsequent extraction with con- 
centrated sulphuric acid). The fraction boiling up to 105°/10 mm. is dissolved in about twice 
its volume of ligroin (b. p. 40°) and extracted seven times with concentrated sulphuric acid 
(3 c.c. for each 10 c.c. of the dibromide fraction). The ligroin solution is washed with dilute 
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aqueous sodium hydroxide and with water (any emulsions formed on shaking at these stages 
are easily dispersed by filtration), dried with calcium chloride, and evaporated, and the residue 
distilled under diminished pressure. With ordinary care, 200 c.c. of a mixture of dibromo- 
pentane and benzonitrile may be safely dealt with in a 1}1.-separating funnel. The ae-dibromo- 


pentane obtained is pure and reacts so readily with magnesium in dry ether that cooling may 


be necessary. 

Pure ae-dibromopentane has m. p. — 29-5° (Hochstetter, Monatsh., 1902, 23, 1071, gives 
— 34° to — 35°), b. p. 95-5°/10 mm., dZ"(vac) 1-6995, di(v8e.) 1-6583, nf” 1-5136, y 40-3 
dynes/cm., y” 36-8 dynes/cm.; [P]?* 340-9, [P]*” 341-6 (calc., [P] 331-0). 
anomaly will be discussed in another communication. 


The parachor 


I wish to thank Professor C. S. Gibson, F.R.S., for suggesting this investigation, and the 
Royal Society and Imperial Chemical Industries Ltd. for grants—Guy’s HosPpITaL MEDICAL 
ScHooL, Lonpon, S.E. 1. [Received, September 25th, 1933.] 





Preparation of Halogeno- and Other 2-Phenylbenzopyrylium Salis. By CATHERINE G. LE FEVRE 


and RaymMonp J. W. LE FEvre. 


THE preparations of 2-phenylbenzopyrylium salts by the three-stage processes already described 
(J., 1929, 2771; 1932, 1988) gave unsatisfactory results, especially with halogenated compounds, 
when carried out with quantities of the intermediate chalkones much greater than ca. 0°2 g. 
The following procedure, first described by Léwenbein and Katz (Ber., 1926, 59, 1377) for the 
condensation of o-hydroxy-aldehydes with $-ketonic esters, has now been found to yield the 
perchlorates in one step and to be amenable to large-scale operation: To the appropriately 
substituted acetophenone (0-01 g.-mol.) and salicylaldehyde (0-01 g.-mol.), dissolved in anhydrous 
ether (40 c.c.), is added perchloric acid (70%; 3c.c.), and the mixture saturated with hydrogen 


chloride (temperature not above 0°). 


collected and washed with ether. 


references does not usually effect further purification. 


Kation. 
2-Phenylbenzo- 
pyrylium 


3’-Nitro- 
pyrylium 


6-Chloro- 


pyrylium 
6-Bromo- 


pyrylium 
6 : 8-Dichloro- 


pyrylium 


6 : 8-Dibromo- 
pyrylium 


4’-Chloro- 
pyrylium 


4’-Bromo- 
pyrylium 


* Le Févre, J., 1929, 2771. 
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Initial substances 
taken. 


Acetophenone, 
salicylaldehyde 


m-Nitroacetophenone, 
salicylaldehyde 


5-Chlorosalicylalde- 
hyde, acetophenone 

5-Bromosalicylalde- 
hyde, acetophenone 

3 : 5-Dichlorosalicyl- 
aldehyde, aceto- 
phenone 

3 : 5-Dibromosalicyl- 
aldehyde, aceto- 
phenone 

Salicylaldehyde, 
p-chloroaceto- 
phenone 

Salicylaldehyde, 
p-bromoaceto- 
phenone 


After 24 hours the crystalline deposit of perchlorate is 


Product. 
Green 
pearly 
plates 
Yellow- 
green 
powder 
Yellow 
powder 
Yellow 
plates 


” 


M. p. 
(crude). 


180° 


241—243 


240 
250—251 
270—271 


273—275 


192—193 


243—244 


M. p 


previously Found, %. 


given. C. 


178—179°* 58°5 


240—243 * 50°5 


240¢ 52°3 
248250} 46-4 


249250} 48-1 
257—259} 38°3 
193¢ 52:1 


243245} 46°6 


oF Lonpon), Lonpon, W.C. 1. 





Crystallisation from the solvents specified in the above 
The results are tabulated below. 


Calc., %. 
H. Cc. H. 
3°7 58°7 3°6 
2°9 51:2 


3°0 52°8 


2°8 
2°7 


19 


31 


31 


+ Le Févre and Le Févre, J., 1932, 1988. 


[Received, September 
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362. Primary Photochemical Processes. Part III. The Absorption 
Spectrum and Photochemical Decomposition of Keten. 


By RonaLp G. W. NorrisH, H. GoRDON CRONE, and OLIVE SALTMARSH. 


THE study of the absorption of light by polyatomic molecules shows that the process is 
often localised in the first instance in certain characteristic groups, called chromophores : 
radicals such as the azo-group or the carbonyl group each confer their characteristic 
absorption spectra upon the molecules of which they form part. In the simplest cases, 
the effects are confined to the chromophoric group, and the results are analogous to those 
observed for diatomic molecules; more often, however, the energy may be transmitted 
with varied results to other parts of the molecule. 

Much has been learned of the mechanism and effects of light absorption in diatomic 
molecules ; it is the purpose of the studies in this series to extend the field of observation 
to polyatomic molecules, and to examine as far as possible from the spectroscopic stand- 
point the laws governing the photochemical phenomena observed. Processes such as the 
rupture of a molecule into atoms or radicals form the essentially photochemical part of 
the majority of photochemical reactions. In some instances the secondary dark reactions 
which may overtake the primary products obscure the issue by the complexity of the 
kinetic effects to which they may give rise, as in cases of photo-chlorination; in others 
they are simpler and less extensive, so that the characterisation of the products of a photo- 
chemical decomposition can often be used as a reliable guide in the elucidation of the 
nature of the primary photochemical change. 

A complete study of the primary photochemical effect will therefore endeavour to 
determine the conditions under which energy transfer occurs from one part of a polyatomic 
molecule to another, the nature of the chemical processes or fluorescence phenomena 
induced, and the energy relationships involved. The problems must be attacked from as 
many angles as possible, but particularly from the spectroscopic and chemical, including 
the measurement of quantum yields. The data, if sufficiently precise and complete, will 
form an essential part of the raw material for the quantitative study of molecule building 
by the methods of quantum mechanics and wave mechanics. 

Keten, which forms the subject of the present communication, has the advantage of 
being obtainable in the gaseous monomeric form, and its structure, comparable with that 
of carbon dioxide, is sufficiently simple and well established from the chemical standpoint 
to provide a basis for the interpretation of the photochemical phenomena observed. The 
experimental work which follows is divided into two sections: the analysis of the products 
of the photochemical reaction and the measurement of the absorption spectrum. There 
result the following very simple observations. (1) The light absorption responsible for 
the photochemical change observed occurs in a region of the spectrum which is charac- 
teristic of the >C = O (and not the >C = C<) group. (2) The products of the photo- 
chemical change consist solely of ethylene and carbon monoxide in the ratio of 1:2 by 
volume. These results lead to the conclusion that, although the initial light absorption 
occurs in the keto-group, yet the energy is passed to the ethylenic link, where rupture of 
the molecule occurs: H,C:;CO —> H,C + CO. The liberated methylene radicals then 
rapidly attack new keten molecules: H,C + CH,-CO —> C,H, -+ CO, so the integrated 
result of the absorption of one light quantum is 2H,C:CO + Av = C,H, + 2CO. The 
character of the absorption spectrum, which consists of diffuse bands, is in accord with this 
interpretation, as will appear irom the subsequent discussion. 


EXPERIMENTAL, 


Preparation of Keten.—Keten was prepared by the thermal decomposition of acetone (Hard 
and Tallyn, J. Amer. Chem. Soc., 1925, 47, 1427). Commercial acetone, once redistilled, was 
vaporised in a bath of boiling water, and passed at a rate of about 20 c.c. per minute through 
a Pyrex tube about 2 ft. long, which was filled with broken pumice and heated in an electric 
furnace to 700°. The issuing gas passed in order through a double-surface water-cooled con- 
5G 
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denser, a glass trap, a spiral cooled in solid carbon dioxide-ether, and was then condensed in a 
trap cooled in liquid air. Free acetone and water and other condensable products were removed 
by the cooled spiral, about four-fifths of the acetone being recovered unchanged; the crude 
product contained much ethylene and some higher olefins. 

The trap containing the keten was sealed off, and attached directly to the decomposition 
apparatus; it was then immersed in a pentane bath at — 145° to — 150° and evacuated com- 
pletely by means of a Toepler pump in order to remove the ethylene. The residual keten was 
distilled at — 78° (solid carbon dioxide and ether) into a trap cooled in liquid air, the middle 
fraction only being retained. Before the photochemical decomposition of the gas was inves- 
tigated, samples were removed by means of the Toepler pump, and the keten estimated by 
absorption by caustic potash, and also by bromine water; it was found to be 98% pure, the 
residue consisting of hydrocarbons, mainly propylene. 

The Photodecomposition of Keten—The apparatus used in studying the decomposition is 
illustrated in Fig. 1. A quartz flask R of 100 c.c. capacity, with a neck about 15 cm. long and 
2 cm. in diameter, was attached by a ground joint to a large glass globe B of 11. capacity. The 
globe was connected to a manometer, a water pump, a Toepler pump, and to the liquid-air 
trap containing the purified keten. The irradiation of the keten vapour was carried out by a 

vertical pattern mercury lamp L placed parallel to the neck of 
Fic. 1. the quartz flask and about 10cm. distant from it. The lamp was 
run off a 220-volt direct-current circuit at a terminal voltage of 
150, and a current of 3-5 amps. 
| The apparatus having been completely evacuated by means of 
and pumps the Toepler pump, 2—3 c.c. of liquid keten were distilled into the 
quartz flask by the cooling of the latter in a bath of liquid air. 
The liquid air round the bulb of the flask was then replaced by 
a paste of solid carbon dioxide and ether; by this means a vapour 
pressure of keten of about 110 mm. was obtained. The pressure 
was noted, and the tap A turned off. The irradiation was then 
commenced, the bulb of the flask being always kept in the freezing 
mixture; illumination was continued for 6 hours in one instance 
and 3 hours in another. The gases formed in the decomposition 
collected mainly in the large globe. They were separated into 
three fractions by pumping off (1) through a trap cooled in liquid 
air, (2) through a trap cooled in a pentane bath to — 150°, and 
(3) at room temperature. The fractions were collected in Lunge 
nitrometers and analysed completely (Treadwell and Hall, 
““ Quantitative Analysis,”” Wiley and Sons, 1919). The first con- 
sisted of pure carbon monoxide; the second was divided into two 
portions, one of which was practically completely absorbed by 
bromine water, while the other was exploded with excess of oxygen and identified as pure 
ethylene. The third fraction had the same composition as the sample of keten put into the 
apparatus, and consisted therefore of the unchanged reactant. One experiment was carried 
out with a filter of vita glass interposed between the lamp and the decomposition flask, thus 
admitting only light of longer wave-length than 3000 A.U.; decomposition still occurred, 
however, with this range of light. In each case carbon monoxide and ethylene were formed 
in the decomposition in the proportion of 2:1 by volume. Results are shown in Table I. 


TABLE I, 


c.c. at N.T.P. Composition, %. 


Time of illumin- _ 
ation, hours. Vol. of decompn. products. co. C,H,. co. C,H,. 


6 20°25 12°4 6-0 61°3 29°6 * 
3 12°24 8-2 4-04 67 33 
14 (vita-glass filter) 3°6 2°45 115 68 32 
* In consequence of a slight leak of air into apparatus when the second fraction was being pumped 
out, the percentages of CO and C,H, in this experiment do not add up to 100. 








Partial polymerisation of the keten occurred, mainly on the walls of the large globe; this 
was a purely dark reaction which occurred equally well in the unilluminated part of the 
apparatus. A brown resinous mass was formed upon the wall of the quartz flask nearest the 








Part III. 1535 


lamp as a result of the action of the light upon the solid polymerised keten. This was insoluble 
in ether or alcohol, but was removed in suspension in water by rubbing with a glass rod. It 
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bved 
ude was not examined further. 
We may therefore represent the photochemical decomposition of the monomeric form of 
tion keten by the equation 2CH,-CO = C,H, + 2CO. 
om- The Absorption Spectrum of Keten.—Photographs of the absorption spectrum of keten were 
was obtained, using the first order of a concave Rowlands grating of 3 m. focal length. The grating 
ddle was erected in a Rowlands mounting, and gave a dispersion of 5-3 A.U. permm,. A hydrogen 
ves- lamp, consuming 3 kw. and giving a continuous spectrum from 4000 to 2000 A.U., was employed 
| by as light source. The absorption tube was constructed in quartz with plane end-pieces fused 
the on, and was I m. long; it could be completely evacuated by means of a mercury diffusion pump, 
and filled with keten vapour to any desired pressure by putting it into communication with a 
n is side-tube reservoir cooled in a freezing mixture of suitable temperature. Keten of 98% purity, 
and prepared as described above, was distilled into a reservoir kept cool in liquid air; from the 
The reservoir a convenient quantity was distilled to the side tube, from which the absorption tube 
-air was filled; convenient pressures were found to be (1) atmospheric (side tube at — 55°), (2) ca. 
ya 110 mm. (side tube at — 78°), using solid carbon dioxide and ether in each case. 
: of The absorption spectrum was found to consist of two parts: first, a series of completely 
was diffuse bands, each approximately 12 A.U. wide, extending from 3706 A.U. to 2601 A.U.; 
- of secondly, a weakly marked region of continuous absorption which commenced at ca. 2200 A.U. 
and extended to the limit of emission of the hydrogen lamp (2000 A.U.). The latter region was 
| of separated from the former by a region of transparency (2600—2200 A.U.); it was structure- 
the less under all conditions of observation, and its limit difficult to characterise. 
ir, With keten at atmospheric pressure, the absorption in the first region was continuous 
by between 3580 and 2960 A.U., but at 110 mm. the whole of this became resolved into diffuse 
yur bands. The first and last bands were exceedingly faint, but at no point was any fine structure 
ire observable; the approximate positions of the bands as measured by a travelling microscope 
en (mercury spectrum as standard) are given in Table II. 
n 
Z TABLE II. 
re Keten : Diffuse Absorption Bands. 
id Wave- Wave- Wave- Wave- Wave- Wave- Wave- Wave- 
length, length, numbers, length, length, numbers, length, numbers, 
ad ALU. .U. invacuo.  &». A.U. A.U. invacuo. 8». .U. invacuo.  v. 
ge (Lardy.) (Present authors.) (Lardy.) (Present authors.) (Present authors.) 
ll, 3850 3238 3244 30,817 336 2847 35,114 425 
n- 3784 3204 3209 31,153 294 2813 35,539 318 
0 3720 3161 3179 31,447 381 2788 35,857 390 
3658 3700 27,019 453 + 3134 3141 31,828 369 2758 36,247 305 
'y 3610 3639 27,472 500 3105 32,197 314 2735 36,552 351 
re 3565 3574 27,972 453 3075 32,511 363 2709 36,903 358 
e 3505 3517 28,425 352 3041 32,874 317 2683 37,261 393 
d 3465 | (co 28,777 3012 33,191 481 2655 37,654 343 
" 3469 28,818 379 2969 33,672 401 2631 37,997 350 
3413 3424 29,197 310 2934 34,073 376 2607 38,347 
, 3382 3388 29,507 Bag 2902 34,449 349 
d 3283 3290 30,386 431 2872 34,809 305 








The authors’ figures refer 


Lardy’s wave-lengths refer to the short wave-length side of the bands. 
to the centre of the bands. 

* This appears to be a doubtful double band. 

+ Lardy records no bands below this. 


The absorption of keten has also been observed by Lardy (J. Chim. physique, 1924, 21, 353), 
who characterises the two regions of absorption, described above, the second beginning at 
about 2300 A.U. ‘The former is shown to be characteristic of the carbonyl group, and the latter 
of the olefinic group. His general observations are confirmed by us, though our. measurements 
of the diffuse bands extend much further than those formerly recorded. 
















DISCUSSION. 


The interpretation of the data of the present paper raises several points of interest. 
There can be little doubt that the banded absorption spectrum observed between 3700 and 
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2600 A.U. is primarily to be associated with the carbonyl group, though its position has 
been somewhat modified by the specific structure of the keten molecule. Thus, while 
the absorption of ketones as a group is located in general approximately between A 3400 
and 2500 A.U., with a maximum at ca. 4 2800, that of keten is displaced about 200 ALU. 
towards the long-wave end of the spectrum. This change is small, in view of the modi- 
fication of structure associated with the immediate juxtaposition of the olefinic double 
bond to the carbonyl group. The region of absorption associated with the olefinic double 
bond, on the other hand, as represented by ethylene,* is more remotely situated at ca. 
4242100. According to Lardy (loc. cit.), this appears in the absorption spectrum of solutions 
of keten, at wave-lengths less than 2300 A.U. and, as recorded above, we were able to 
confirm the existence of an absorption by the vapour of keten for wave-lengths shorter 
than 2200. 

The diffuse character of the spectrum in the near ultra-violet indicates that we are here 
dealing with a type of predissociation. There is, however, no transition from a region 
of discrete structure, as in other cases of pre-dissociation. The bands are diffuse throughout, 
and appear more or less symmetrical, showing no marked shading in any direction; they 
constitute a succession of small continuous absorption spectra, and their character is 
probably associated with the fact that, whereas the first act of absorption is effected by 
the carbonyl group, there exists a very high probability of a radiationless transfer of the 
absorbed energy to the neighbouring olefinic bond. This occurs, with consequent rupture 
of the molecule at that point. The gross vibrational structure of the carbonyl group is 
thus impressed on the absorption band, while the absence of any discrete structure indicates 
that the probability is such that the transfer of energy away from the carbonyl group 
and the rupture of the molecule occur inside the natural period of one rotation. 

This conception of energy transfer from one group in the molecule to another is strongly 
supported by the character of the induced photochemical decomposition; the analytical 
data recordedabove show that,in the vapour phase, the monomeric molecule gives quantit- 
atively two volumes of carbon monoxide and one of ethylene, and that the whole of the 
absorption region is effective. No trace of oxygen is detected, as would be the case if the 
carbonyl group itself had any tendency to decompose. This process is only explained in 
a satisfactory way as a rupture of the molecule at the olefinic bond, to give molecules of 
CH, and CO. The methylene molecules, being unstable, attack further molecules of keten, 
to give ethylene. The complete process may thus be written: (1) H,C:CO + dv = 
CH, + CO; (2) H,C:CO + CH, = C,H, + CO, only the former being light sensitive. 

The characterisation of the photochemical change in this manner raises certain con- 
siderations of the availability of energy on photodecomposition which are of considerable 
theoretical importance. The diffuseness of the spectrum indicates that molecular decom- 
position is effected throughout the whole absorption region of keten; the minimum 
quantum effecting decomposition thus corresponds to 4 = 3850 A.U., representing 74 kg.- 
cal. per g.-mol. The energy of rupture of the double bond is, however, of the order 
167 kg.-cal.,f so that the energy of the light is less than half that required to disrupt the 

* Ethylene vapour absorbs from 2100 A.U. to shorter wave-lengths (Stark, Steubing, Enklaar, and 
Lipp, Jahrb. Radioakt., 1913, 10, 139; Ludlam and Mooney, Trans. Faraday Soc., Aug. 1929). 

+ The energy values of the chemical bonds of carbon given in the tables of Sidgwick and Bowen 
(Ann. Reports, 1931, 28, 401) are based on dissociation of the molecule to the *P (normal) state of 
gaseous carbon, 150 kg.-cals. being taken as the heat of sublimation of graphite to the vapour (*P). 
While there is no reason to revise this value of the heat of sublimation of carbon, which is now confirmed 
from several independent sources, it is important in calculating the energy value of bonds, for photo- 
chemical processes, to take account of the fact that molecular dissociation must be imagined to occur 
to the quadrivalent (°S) state of carbon. The difference between the °S and the *P state is 1-6 volts, 
i.e., 37 kg.-cals. (Heitler and Herzberg, Z. Physik, 1929, 58, 52). Thus, for calculations involving the 
rupture of bonds in molecules, Sidgwick and Bowen’s values for all C-X bonds must be increased by 
9°25 kg.-cals., each C-C bond by 18°5 kg.-cals., and each C=C by 37 kg.-cals. An example will make 
this clear: the data of Sidgwick and Bowen give for the C-H link 93°6 kg.-cals. This means that if 
the four hydrogen atoms are removed from methane, and the resulting quadrivalent (i.e., 5S) carbon 
atom allowed to change to the bivalent (i.e., *P) condition, the energy absorbed will be 93°6 x 4= 
374°4 kg.-cals. The heat of rupture of a single hydrogen atom per se, to leave a methyl group, must 
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molecule into free radicals. Even if we take the shortest wave-length of the absorption 
region, viz., 2600 A.U., the magnitude of the corresponding quantum—110 kg.-cal. per 
g.-mol.—is still too small. 

We are thus brought to the conclusion that the radicals are not liberated with free 
valencies, but only after some reorganisation, in which energy is liberated. For the 
>CO radical, this change may be represented as >CO —> C = O, 1.¢., as a change from 
quadrivalent to bivalent carbon. For the >CH, radical, a similar change will probably 
occur: >CH,—»> CH,. The magnitude of the amounts of energy liberated in these 
processes can only be estimated approximately; they will be roughly of the same order 
as the energy difference between the °S and the °P state of the carbon atom, and represent 
in terms of the Heitler-London theory a change from a state in which there are four valency 
electrons (quadrivalent carbon) to one in which there are only two, the other two being 
paired with opposite spins (bivalent carbon). The energy difference between these two 
atomic states of carbon has been given by Heitler and Herzberg (loc. cit.) as 1-6 volts, 
1.é., 37 kg.-cals. per g.-mol. 

Thermochemical calculation, however, gives a value for the energy of reorganisation 
of >CO considerably in excess of this value. Thus from the thermochemical equations 


H,CO —> H, + CO +2 kg.-cals. 
H,CO —> H+ H + >CO — 206 kg.-cals. 
H, —>H+H — 103 kg.-cals. 
we obtain >CO—> C=O +101 kg.-cals. 


This greater value may be accounted for by the fact that the former considerations giving 
about 40 kg.-cals. take account only of the change from quadrivalent to bivalent carbon, 
while in the forming of the stable carbon monoxide molecule there must be a further liber- 
ation of energy due to the formation of the co-ordinate link with oxygen. These changes 
may be formally represented as : 

(Bivalent C) 


4 


C220" “estte: 
(Quadrivalent C) Dike. ’ (Bivalent C; co-ordinated O) 





We shall thus take the energy of reorganisation of the >CO radical as 101 kg.-cals., and of 
the CH, radical as about 40 kg.-cals., the total energy set free thus being approximately 
101 + 37 = 138 kg.-cals. 

If, now, the whole primary photochemical change be visualised as a direct passage 
from the keten molecule to the free molecules CH, and C = O in one act, the total energy 
absorbed by the change will be given as the difference between the value of the double 
bond and the energy of reorganisation, 7.e., (167138) = 29 kg.-cals., a quantity which is 
not in excess of the minimum photochemical quantum (74 kg.-cals.) available. In terms 
of Heitler’s theory of ‘‘ spin-valenz,”” we might formulate this change as a simple change 
in the pairing of the electron spins of the olefinic group, the molecules CH, and CO being 
liberated in singlet states. Since the magnitude of the absorbed quantum is greater than 
the minimum required, the free molecules will move apart with excess energy of vibration 
or translation. 

The essential ideas underlying the above analysis of the primary change in keten thus 
involve: (1) absorption of the light quantum by the >CO group; (2) transfer through 
some process of coupling to the olefinic group; (3) decomposition of the double bond 
through a change in the atomic state of carbon from one of quadri- to one of bi-valency, a 
process which can be visualised as occurring simply, and in one act. The energy of this 





therefore be adjusted for the energy emitted when carbon passes from the 5S to the *P state, i.e., 37 
kg.-cals. The value of the bond is thus (374°4 + 37)/4 = 102-8 kg.-cals. The values given by Sidgwick 
and Bowen, modified as described above, have been used in the present paper, 
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change, although it cannot at present be calculated accurately, can be estimated as being 
in accord with the magnitude of the minimum effective photochemical quantum. 

The whole of the primary photochemical process for keten may be represented by the 
potential energy diagrams in Fig. 2, in which the energy values are given roughly to scale. 
Curve (b) represents the potential energy of the >CO group in keten in the ground state, 
plotted as a function of the distance between the carbon and oxygen atoms. The molecule 
will dissociate ultimately into a normal oxygen atom and a free radical. This process would 
represent the thermal dissociation of the carbonyl group in keten. Curve (a) is the potential 
curve for the first excited state of the carbonyl group, culminating in the photochemical 
dissociation into a free radical and an excited oxygen atom. Transitions from the curve 
(b) to the curve (a), however, never result in a stabilised upper level, and the above photo- 
chemical dissociation does not occur, since for all the vibrational levels of curve (a) there 
exists the probability of an energy switch to curve (d) representing the potential energy 

curve of CH, and CO molecules in- 
volving bivalent carbon. In order 
that this may be the case, curve (d) 
must run very ciose to and nearly 
parallel to the left-hand side of curve 
(a). This curve has no minimum, and 
the molecules thus mutually repel 
Hse: +0('0) from each other’s spheres of action. 
(2264§-cals} Curve (c) is the potential curve of the 
ia olefinic group in the ground state. It 
WaStigecals) indicates that the energy of dissoci- 
Denentin ation to free radicals is much greater 
obs than that of dissociation to molecules 
rs te-cals) (4). The diagram further suggests 
that the thermal dissociation of keten 
should occur as a primary process in 
one act involving predissociation from 

curve (c) to curve (d). 
It is probable that with the de- 
Ase. cor's) velopment of the quantum-mechanical 
(29kg-cals,) conception of polyatomic molecules, 
greater definiteness will be given to 
Length o F bond. some of the ideas tentatively expressed 
above. In particular, it would be of 
interest to enquire into the nature and mechanism of the energy switch which apparently 
occurs from the >CO to the >C = C< group within the keten molecule. This cannot be 
done until we have a clearer conception of the electronic structure of the molecule in 
terms of the wave-mechanical conceptions of Lennard-Jones, Mulliken, and Hund, and in 
particular, in the present instance, how the electrons of the carbonyl and olefinic groups 
mutually affect each other. It does not seem too much to hope that in the near future 

some insight into these questions will be gained on the theoretical side. 
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SUMMARY. 


(1) The photochemical decomposition of monomeric keten vapour occurs in light of 
the mercury lamp. The products are two volumes of carbon monoxide and one of ethylene. 

(2) The absorption spectrum of keten vapour consists of a series of completely diffuse 
bands, occurring fairly regularly between 3700 and 2600 A.U., the region of maximum 
absorption occurring round 3100 A.U. 

(3) The primary change is simply interpreted as a splitting of the molecule at the 
olefinic bond, according to the equation CH,:CO + hv = CH, + CO, the liberated CH, 
molecules reacting further with undecomposed keten, to give ethylene and carbon 
monoxide, CH,:CO + CH, = C,H, + CO, 

















Use of Phosphoric Oxide as a Drying Agent for Hydrogen Chloride. 1539 


(4) The character of the spectrum suggests that light is first absorbed by the carbonyl 
group, and that an energy switch occurs to the olefinic group, with the consequent rupture 
of the molecule. 

(5) The energy relationships of the primary change when analysed show that it cannot 
be represented purely as a rupture of the olefinic bond; they are, however, consistent with 
a decomposition into CH, and CO molecules, each containing carbon in the bivalent form. 
It is suggested that the decomposition can be simply visualised as taking place in one act 
by a rearrangement of the electrons constituting the olefinic bond. 

(6) The photochemical change is further discussed in terms of potential-energy 


diagrams. 


The authors have had the advantage of discussing the contents of this paper both with 
Professor J. E. Lennard-Jones, F.R.S., and with Dr. N. V. Sidgwick, F.R.S., to whom they 
would express their thanks for useful criticism. They are indebted to the Royal Society and 
the Chemical Society for grants, to the Department of Scientific and Industrial Research for 
an assistantship, and to the Governing Body of Girton College, Cambridge, for the award of 
a Yarrow Studentship to one of them (O. S.). 


[Note added, November 11th, 1933.] 

A recent paper by Kronig, Schaafsma, and Peerlkamp (Z. physikal. Chem., 1933, B, 22, 323) on the 
absorption spectrum of chromyl chloride suggests an alternative explanation of the type of diffuse 
spectrum of keten described above, and it will be convenient here briefly to consider the matter. Accord- 
ing to these authors the absorption spectrum of chromy]l chloride consists of five parallel sets of equally 
spaced diffuse bands extending from A 6000 A.U. to the violet. 

The spectrum has apparently much in common with the spectrum of keten; for both show diffuse- 
ness throughout their whole range and there is no marked shading of the bands. Arguing that with 
predissociation we should expect a threshold, Kronig, Schaafsma, and Peerlkamp assume that we are 
here dealing with a new type of spectrum, and attribute these diffuse bands to a transition between 
a stable ground level, and an upper unstable level in which there is preserved a certain quantisation. 

In the particular case of keten, however, the explanation given in our paper is consistent with the 
absence of a predissociation threshold, and is to be preferred by reason of the following considerations. 
A transition such as that imagined by Kronig would have to be confined to the >C=C< group, since 
primary rupture of the molecule, as we have shown, occurs here. On the other hand the absorption 
observed which is responsible for the photodecomposition is a characteristic of the carbonyl group, and 
completely distinct from the well-established absorption of the C=C group ((oc. cit.), also present in the 
keten absorption spectrum in the far ultra-violet. It is thus clear that a radiationless transfer of energy 
must occur within the molecule from the C:O link to the CC link in order that the observed products 
of decomposition may be obtained. Such a process must involve the intersection of two upper levels, 


and is identical with our conception of predissociation. 


DEPARTMENT OF PHYSICAL CHEMISTRY, 
CAMBRIDGE UNIVERSITY. 


(Received, July 28th, 1933.] 








363. The Use of Phosphoric Oxide as a Drying Agent for Hydrogen 
Chloride. 


By FRED FAIRBROTHER. 


PHosPHORIC oxide has often been used as a drying agent for hydrogen chloride, this treat- 
ment being followed in some cases, though not invariably, by condensation and fraction- 
ation of the hydrogen chloride. Several workers have, however, reported that a reaction 
occurs between the substances. 

Bailey and Fowler (J., 1888, 58, 755) found that hydrogen chloride kept in contact with 
phosphoric oxide was absorbed with the formation of phosphoryl chloride and meta- 
phosphoric acid. They gave as the reaction: 2P,0,; + 3HCl = POC], + 3HPO,;. They 
found that the hydrogen chloride was absorbed very slowly during the first few days and 
thereafter at an increasing velocity. They suggested that the initial slow rate “ may 
merely indicate that it was necessary for the hydrogen chloride to expel the air mechanically 
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retained by the phosphorus pentoxide before it could come into intimate contact with the 
latter.’’ Gutmann (Annalen, 1898, 299, 267), as a corollary to a failure to repeat Baker’s 
experiment on the inhibitory effect of drying by phosphoric oxide on the reaction between 
hydrogen chloride and ammonia, examined the rate of absorption of hydrogen chloride by 
phosphoric oxide by measuring the change of pressure in what was almost a constant- 
volume apparatus: the rate of decrease of pressure during the first 12 hours was almost 
negligible, increased during the following 100 or so hours, and then fell off rapidly; i.c., 
the rate of reaction was increasing whilst the pressure of the gas was decreasing. Baker 
(J., 1898, 78, 422), in reply to Gutmann, stated that he had found that, whilst phosphoric 
oxide containing much metaphosphoric acid absorbed ammonia gas, yet distilled phosphoric 
oxide was practically without action both on ammonia and on hydrogen chloride, and he 
attributed Gutmann’s failure toreproduce hisexperiments to the presence of metaphosphoric 
acid in his phosphoric oxide. Gray and Burt (J., 1909, 95, 
) 1633) also found that hydrogen chloride reacted with phos- 
phoric oxide, forming a volatile phosphorus compound which 
| P05 was decomposed by mercury, a solid yellowish film being 
deposited on the glass surface of a Tépler pump, and that 
the formation of this compound was lessened by employing 
phosphoric oxide which had been distilled in a stream of 
oxygen. Baxter, Hines, and Frevert (J. Amer. Chem. Soc., 
1906, 28, 770) found that when manganous chloride was 
fused in hydrogen chloride gas which had been dried by 
y=. phosphoric oxide, an insoluble residue of manganese phos- 
inwater phate was obtained in a quantity which varied with the 
amount of moisture in the salt. These authors, and also 
Gray and Burt, found that hydrogen chloride, passed over 
phosphoric oxide and absorbed by water, gave a precipitate 

with ammonium molybdate solution. 
On the other hand, there are a number of instances in 
which phosphoric oxide has been used in conjunction with 
ene o> a hydrogen chloride without any obvious ill effects, which 
would suggest that it is the purity of the phosphoric oxide 
which determines whether or not reaction occurs between 

it and the hydrogen chloride. 








Glass wool 














EXPERIMENTAL. 


Several g. of phosphoric oxide, free from lower oxides, were sealed in the tube A in the 
apparatus shown in the Fig. The apparatus was evacuated and warmed, and allowed to stand 
for several days in order to remove as much as possible of the moisture on the walls. The 
phosphoric oxide was then sublimed in a vacuum into the portion B, part of it being condensed 
on to the surface of the glass wool in the lowerend of B. The apparatus was then sealed off at 
C. Hydrogen chloride, prepared from pure sulphuric acid and A.R. ammonium chloride, was 
passed over resublimed aluminium chloride, solidified in liquid air, and fractionated. B was 
cooled in liquid air, and several g. of the purified hydrogen chloride (admitted through D) were 
condensed on to the phosphoric oxide. B was then allowed to warm up, whilst hydrogen chloride 
gas was passed in through E. The issuing gas was condensed in the vessel F, which from the 
beginning of the experiment was immersed in liquid air, thus preventing, in addition, any back 
diffusion of moisture from the water-absorption vessel. When about 10 c.c. of solid hydrogen 
chloride had collected in F (B being gently warmed during the later stages to assist in the removal 
of any phosphoryl chloride which might have been formed), the contents were allowed to liquefy 
and were evaporated and absorbed in water, F also being heated at the end of the evaporation, 
and a current of purified hydrogen chloride passed through the apparatus. In these circum- 
stances the question of diffusion of the hydrogen chloride into the phosphoric oxide (see Bailey 
and Fowler) did not arise. The resulting solution of hydrochloric acid gave a barely detectable 
coloration by the ammonium molybdate test. Several litres of moist air were then passed 
through B, and the experiment repeated, with similar results. B was then opened by cutting 
the seal at C, a few drops of water introduced, and B re-sealed. An experiment carried out as 
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before yielded a solution of hydrochloric acid which gave an appreciable amount of precipitate 
with ammonium molybdate solution. 


These experiments show clearly that there is no reaction when dry hydrogen chloride 
is passed over pure phosphoric oxide at the ordinary temperature, but that the presence 
of an appreciable amount of moisture or metaphosphoric acid is necessary for a reaction 
to be observed. 

The slow reaction between hydrogen chloride and phosphoric oxide containing only a 
trace of metaphosphoric acid, and the rapid acceleration as the reaction proceeds, may be 
explained as follows. The hydrolysis of phosphoryl chloride is probably reversible to a 
small extent, POCI, + 2H,O — 3HCl+ HPO,, the reversibility being generally un- 
noticed because the hydrolysis equilibrium is almost completely in favour of the free 
halogen acid. Nevertheless, if even a minute proportion of water is present at equilibrium, 
then, in the presence of a relatively large amount of phosphoric oxide, the reaction will 
proceed slowly towards the left, one molecule of metaphosphoric acid giving rise to two 
molecules of water and thence to four molecules of metaphosphoric acid : 2P,0,; +- 2H,O = 
4HPO,. As a consequence, the amount of this acid in the system will increase with time, 
and the absorption of hydrogen chloride become faster and faster. 

Although, as a result of using fairly pure phosphoric oxide in the first place and on 
account of the slowness of the reaction in the early stages, no serious contamination of the 
hydrogen chloride may occur when it is passed over phosphoric oxide, the fact remains 
that phosphoric oxide is not a suitable drying agent for hydrogen chloride, unless followed 
by condensation and fractionation. 


THE UNIVERSITY, MANCHESTER. [Received, September 28th, 1933.] 





364. The Dielectric Polarisation of Hydrogen Chloride in Solution. 
Part II. Benzene, Ethyl Bromide, and Ethylene Dichloride as Solvents. 


By FRED FAIRBROTHER. 


IN a previous communication (J., 1932, 43), it was shown that the dielectric polarisability 
of hydrogen chloride in solution in benzene, cyclohexane, and carbon tetrachloride due to 
the electric moment of the molecules was more than 50% greater than in the gaseous state, 
leading to an apparent value of the electric moment of approximately 1-3 x 107 e.s.u. 
Those experiments have now been extended to include ethyl bromideand ethylene dichloride 
as solvents, and, with several improvements in technique, a further series of measurements 
in benzene has also been carried out. 


Benzene (Kahlbaum’s benzene “‘ for analysis and molecular-weight estimations ”’) was dried 
over purified phosphoric oxide and distilled. Ethyl bromide and ethylene dichloride (com- 
mercial products) were shaken with concentrated sulphuric acid, washed, dried, and fractionally 
distilled; b. p.’s 38-2—38-3°/760 mm. and 82-6—82-8°/743 mm. respectively. Samples of each 
gave no opalescence when tested with silver nitrate solution. 

Each solvent was kept in the apparatus, in contact with purified phosphoric oxide for 4 or 
5 days before distillation into the absorption vessel. The dielectric constants and densities of 
the solutions were measured as previously (/oc. cit.), the method of correction for the inductance 
of the leads being more fully discussed elsewhere (Fairbrother, Proc. Roy. Soc., 1933, A, 142, 
173). The preparation and manipulation of the solutions were essentially the same as in Part I, 
with the following modifications. The hydrogen chloride was formerly passed over phosphoric 
oxide : in view of the possibility that this might have led to contamination of the solutions by 
phosphoryl chloride (compare preceding paper), phosphoric oxide was only used in the present 
work as a drying agent for the solvents. Hydrogen chloride was prepared by dropping pure 
sulphuric acid on A.R. ammonium chloride, passed through tubes filled with resublimed alumin- 
ium chloride, and condensed in a liquid-air bath. From this, it was fractionally evaporated, 
the most volatile two-thirds being passed into the solvent contained in an absorption vessel of 
the type previously described. The purified solvents were stored over the purified phosphoric 
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oxide in a separate flask, from which they were forced by compressed air, via a fine sintered-glass 
filter, into the distillation flask: this procedure avoided the possibility of any volatilisation of 
the phosphoric oxide during distillation. The solutions were varied in concentration either by 
the distillation of additional solvent into the more concentrated solutions or by removal of 
hydrogen chloride by a current of dry air. The solutions were forced into the condensers and 
pyknometer by air pressure as before, aluminium chloride, however, being used in the guard 
tubes instead of phosphoric oxide. A platinum plate condenser (Proc. Roy. Soc., ibid.), of about 
215 wyF capacity when filled with dry air, was used for the solutions in benzene, and a silver plate 
condenser similar to that used in Part I, but of about 67 uuF capacity when filled with dry air, 
for the other solutions. Each condenser was fitted to the rest of the glass apparatus during filling 
by an interchangeable ground joint, and was then closed by ground caps and removed to the 
thermostat for the measurement of the dielectric constant. The estimation of the hydrogen 
chloride content of the benzene solutions was carried out with the aid of the apparatus shown 
in the fig. The ground socket A fitted the end of one limb of the pyknometer 
which was, after the estimation of the density of a solution, inverted into A 
and the weighed contents blown into excess of 10% sodium hydroxide solution, 
free from chloride, contained in the flask below. The glass beads in the upper 
portion of the apparatus were also wetted with the alkali, which was then 
washed down into the flask. The outer ground joint B was provided in order 
that the solvent could be distilled away and collected. It was found more 
convenient, however, to remove the benzene by warming the flask and 
blowing filtered air through A. In this way, loss of hydrogen chloride was 
completely avoided, which is difficult of accomplishment when the solution 
is run on to the top of the alkali, even though the flask be stoppered immedi- 
ately. The solutions in ethyl bromide and ethylene dichloride, which were 
heavier than water, were simply run from the pyknometer below the surface 
of solutions of A.R. sodium carbonate and sodium bicarbonate respectively. 
Sodium hydroxide was not used in these cases on account of the possible 
hydrolysis of the solvent. In all cases after evaporation of the solvent, the 
chloride content of the aqueous solution was estimated gravimetrically as 
silver chloride. 

In the previous calculations of the electric moment of the hydrogen 
chloride, an allowance of 1-2 c.c. was made for the atom polarisation. Since 
there is some doubt as to the validity of this value (compare Part I), the sum 
of the atom and electronic polarisations (P, + P,) will be taken as equal to 
6-6 c.c., from the refractivity of the gas. (In view of the results of the refrac- 
tive index measurements given in Part I, the refractive indices of the present 
solutions were nct measured.) Any error arising from this procedure will 
hardly be greater than that introduced by the experimental uncertainty. 
The measurements described in Part I were made at 25°, but the present 
measurements were all made at 20-0°. The results are given in the table, in 
which the symbols have the same significance as in Part I, P,,, being taken 
simply as the average value of P,, since any dependence of the latter on the 
concentration is clearly less than the experimental error. 











Benzene. Ethyl bromide. 


Se €. p- P12) c.c. Fwy c.c. . €. Pe Pr c.c. Py, c.c. 
0:0000 2-282 0°8786 26°60 — , 9°449 1°4564 55°20 —- 
003621 2°358 0°8803 27°12 41°0 . 9°478 1°4522 54°61 29-0 
0°03185 2°349 0°8802 27-06 40°9 , 9°481 1°4542 54°73 27°7 
0°02453 2°332 0°8798 26°94 40°4 , 9°477 1°4556 54°94 28°3 
0°01410 2-311 0°8793 26°81 40°9 0°007507 9°486 14564 55:00 29°0 
0:00882 2°301 0°8791 26°74 41°6 

Po = 41°0 c.c.; P, + Pe = 66 c.c.; Poo = 285 c.c.; Py + Pe= 66 c.c.; 

w= 126 x 10-7 e.s.u. p= 102 x 10“ e.s.u. 


Ethylene dichloride. 
0°0000 107580 = 1:2546 60°06 — 0°01729 10°574 1°2533 


59° 
0:02463 10°561 = 1°2521 59°24 26°8 001666 10°580 1:2533 59 
0°01936 10°571 1:2528 59°41 26°9 
Py. = 266 c.c.; Py + Pe = 66 c.c.; p= 0°97 x 107 €.s.u, 
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The results for the solutions in benzene are in excellent agreement with those previously 
obtained, being experimentally hardly distinguishable from them, and are good evidence that no 
serious contamination of the hydrogen chloride by phosphoryl chloride had taken place. 

The results for the solutions in ethyl bromide and in ethylene dichloride, on the other hand, 
lead to values of the electric moment which are almost the same as those obtained by Zahn for 
gaseous hydrogen chloride, viz., 1:03 x 107% e.s.u. (Physical Rev., 1924, 24, 400). The Debye 
equation on which the calculations are based only holds strictly for measurements in the vapour 
state or in very dilute solution in a non-polar solvent. When the solvent molecules are as polar 
as those of the solute, or more polar, as in the solutions in ethyl bromide and ethylene dichloride, 
the equation can only be roughly true. A closer agreement with the value for the moment in 
the gaseous state could not therefore be expected. 


The author is indebted to Messrs. Imperial Chemical Industries Ltd. for a grant. 


THE UNIVERSITY, MANCHESTER. [Received, September 28th, 1933.] 





365. Physicochemical Studies of Complex Formation involving Weak 
Acids. Part VII. Hydroferrocyanic Acid, and the Precipitation of 
Ferrocyanides of Silver, Lead, Copper, Zinc, Cadmium, Cobalt, Nickel, 
and Manganese. 

By H. T. S. Britton and Eric N. Dopp. 


MALAPRADE (Ann. Chim., 1929, 11, 136) has shown by quinhydrone and hydrogen-electrode 
titrations that hydroferrocyanic acid is intermediate in strength between hydrochloric and 
sulphuric acids. As he admits, both electrodes are apt to give erroneous results; con- 
sequently we have used the glass electrode for the same purpose, and found the acid to be 
a little weaker than sulphuric acid, for in 0-00936M-solution it is but 33-7% ionised. 

In view of the high strength of the acid, basic salts are not produced when potassium 
ferrocyanide reacts with solutions of heavy-metal salts. Only in a few instances are the 
normal ferrocyanides precipitated, however, the substances containing alkali ferrocyanides 
partly on account of chemical combination and partly as the result of adsorption by the 
highly colloidal precipitates. Treadwell and Chervet (Helv. Chim. Acta, 1922, 5, 633; 
1923, 6, 550) have titrated various salt solutions with alkali ferrocyanides, using as indicator 
a platinum electrode in the presence of a little potassium ferrocyanide in the salt solution. 
This method was previously used by Knauth (Diss., Dresden, 1915), Hedrich and Miiller 
(Z. angew. Chem., 1919, 32, 351), Treadwell and Weiss (Helv. Chim. Acta, 1919, 2, 680), 
Bichowski (Ind. Eng. Chem., 1917, 9, 668), and Niemz (Diss., Dresden, 1920). Such 
electrometric titrations merely show when the ferrocyanide has finished reacting and give 
no idea of the manner in which the precipitations proceed. In a similar way, Kolthoff 
(Z. anal. Chem., 1923, 62, 209) used the conductometric titration method but, being con- 
cerned only with the positions of breaks, he neither determined the conductivities that were 
set up nor interpreted his titration graphs in detail. 


EXPERIMENTAL. 


Hydroferrocyanic acid, prepared by precipitation from a saturated solution of pure potassium 
ferrocyanide with concentrated hydrochloric acid, was separated, dissolved in alcohol, and 
reprecipitated with ether. 100 C.c. of 0-00936)/-hydroferrocyanic acid were titrated at 18° 
with 0-198N-sodium hydroxide, the glass electrode—condenser-ballistic galvanometer system 
being used. The addition of exactly 4 equivalents of alkali was marked by a well-defined 
inflexion in the Pg curve. Sufficient of the data to construct the curve are given below : 

NaOH, equivs. ...... 0 0°5 1:0 15 2°0 2°5 3°0 3°5 3°75 4:0 
FAD snscsdecesddcasesconss 1:90 194 2°03 2:14 2°33 2°62 3°09 3°74 4°40 11-30 

The py values are consistently higher than those recorded by Malaprade, and indicate that, 
although hydroferrocyanic acid behaves as a strong acid in each of its four stages of ionisation, 
yet it is not quite as strong as sulphuric acid, 
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The precipitation of heavy-metal ferrocyanides was studied by means of conductivity 
measurements at 25°: first, in the form of direct conductometric titrations, and secondly, by 
means of several series of mixtures of the reactants which had been placed in stoppered bottles 
in a thermostat until equilibrium had been obtained, each bottle being given a thorough shaking 
daily. Fig. 1 gives the conductometric titration curves obtained for the titration of 100 c.c. of 
0-025M-metal salt solution with 0-1M-potassium ferrocyanide. In the case of silver and lead, 
the nitrates were used, but in all other cases the sulphates were employed. The broken lines 


represent the specific conductivities due to the potassium sulphate formed in accordance with 
the equation 


2MSO, + (1 + *)K,Fe(CN), —~> M,Fe(CN),,*K,Fe(CN), + 2K,SO,. 
Fie. 1. Fic, 2. 
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Fig. 2 gives the curves constructed from data corresponding to equilibrium conditions of 
125 c.c. of 0-02M-salt solutions containing varying quantities of 0-1M-potassium ferrocyanide, 
and the horizontal lines represent the specific conductivity of the potassium sulphate formed as 
the result of the reactions indicated by the foregoing equation. 

Only from the lead nitrate solution was the normal ferrocyanide precipitated. This was 
indicated both by the incidence of the break, i.e., at 1K,Fe(CN), : 2Pb(NO,),, and also by the 
fact that the specific conductivity then obtained was such as would have been caused by the 
theoretical concentration of potassium nitrate. Gravimetric analysis of precipitates produced 
both with less and with more than the stoicheiometric amounts of potassium ferrocyanide gave 
Pb/Fe = 2-04 and 1-98 respectively. The reaction has also been confirmed by a potentiometric 
titration with a lead electrode. (In order to get an electrode that would give reproducible 
potentials, a long stick of pure lead was plated in 0-1M-lead nitrate solution for 3 hours at a very 
low current density.) There was no marked change in lead-ion concentration until the point 
representing the complete precipitation of lead ferrocyanide was reached. This was accom- 
panied by a sudden diminution in the lead potential and a well-defined inflexion. Kolthoff 





~~ on ae a eee oe 


Complex Formation involving Weak Acids. Part VII. 1545 


(loc. cit.) obtained a ‘‘ break”’ in his conductometric titration curve corresponding to the precipit- 
ation of the normal ferrocyanide, so also did Niemz (loc. cit.) in his potentiometric curve. 

Speyer (Z. anal. Chem., 1928, 74, 108) observed that the potentiometric method gave results 
within 1% corresponding to the precipitation of normal silver ferrocyanide, Ag,Fe(CN),, when 
potassium ferrocyanide was the precipitant; and Kolthoff in his conductometric curve claims to 
have detected a slight break at this stage, but it is scarcely perceptible. In the titration graph 
in Fig. 1 no such break appears, but there is one corresponding to the precipitation of 
KAg;Fe(CN).,, which was also obtained by Kolthoff. Moreover, the specific conductivity of the 
mother-liquor was then exactly that which would have existed in solution as suggested by the 
equation 

3AgNO, + K,Fe(CN), —> KAg,Fe(CN),J + 3KNO, 


the precipitate being sufficiently insoluble to have a negligible effect on the conductivity. The 
change in conductivity throughout the titration, however, was not sufficiently great to show 
with certainty whether any normal salt was not previously precipitated. The behaviour of the 
precipitate during the titration seems to indicate the formation of at least some normal salt which 
was subsequently converted into the double salt, for at first it was white and flocculent, and 
settled quickly, but on adding the potassium ferrocyanide in excess of 1 mol. to 4 mols. of silver 
nitrate the precipitate suddenly became pale bluish, very fine in texture, and much remained in 
aturbid suspension. Analysis of the precipitate formed when 0-5 mol. of potassium ferrocyanide 
had been added gave Ag/Fe = 3-96, showing that the normal salt alone was originally precipit- 
ated. Analysis of the precipitate formed with a slight excess confirmed its complete conversion 
into the double salt. 

The precipitation was again followed by means of the variation in silver-ion concentration 
using a silver electrode. By carrying out the titration as rapidly as possible (the potential 
being quickly reached), the curve became inflected when 2% more potassium ferrocyanide had 
been added than was necessary to form Ag,Fe(CN),, evidently owing to formation of a little 
double salt. It thus appears that two successive reactions, viz., (1) precipitation of normal 
ferrocyanide, (2) its transformation into KAg,Fe(CN).,, took place. As the latter reaction is 
heterogeneous, time will be required, and consequently the more rapid potentiometric methods 
will give end-points with less precipitant than in the slower conductometric method. 

With the exception of the cadmium graphs in both Figs. 1 and 2, the change in specific 
conductivity, as shown by the manganese, nickel, cobalt, zinc, and copper graphs, is almost 
rectilinear, ending at the intersection of the theoretical ‘‘ salt line ’’ when rather more than the 
stoicheiometrical amounts of reactant had been added. These uniform changes point to the 
precipitation of double ferrocyanides, M,Fe(CN),,~#K,Fe(CN),. The values of , calculated 
from the quantity of potassium ferrocyanide then added, are given in the following table. In 
several instances, e.g., with copper, the addition of more potassium ferrocyanide causes but little 
change in conductivity from that corresponding to the theoretical amount of potassium sulphate, 
until points are reached when the final sections of the graphs begin, indicating the passage of free 
potassium ferrocyanide into the mother-liquors. These pauses are evidently caused by the 
absorption by the precipitates, either chemically or physically, of potassium ferrocyanide, the 
total amounts being given by the values of # corresponding to the second breaks. 


Titration. Equilibrium, 








Ist Break. 2nd Break, Ist Break. 2nd Break. Value of x 
C.c. #. C.c. #. C.c. %. in ppts. 
17°5 0°40 14:0 0°12 18°7 0°52 0-52—0°71 
16°6 0°33 — -- 16°4 0°31 0°71—0°78 
22°5 0-80 — — 23°0 0°84 0-59—0°90 
20°4 0°63 -—- — 22°3 0°78 0:50—0°74 
22-2 0°78 19°7 0°58 23°4 0°87 0°56—1°22 
22-25 0°78 -- — 23°0 0°84 0°83—0°92 


Analysis of the various precipitates was of little use in determining their exact composition, 
since they were all very colloidal and became peptised before they could be washed entirely free 
from entrained substances. However, the ratios of metal to iron in precipitates obtained (i) with 
about half the quantity of potassium ferrocyanide required for complete precipitation and (ii) 
with a small excess were determined. For instance, from copper sulphate solution the first 
precipitate was the normal ferrocyanide containing a little entrained copper sulphate, whereas 
with excess of potassium ferrocyanide the precipitate was Cu,Fe(CN),,0-71K,Fe(CN),. As the 





1546 Bailey, Brewer, and Powell: Beryllium Benzoylacetonate. 


final break in the conductometric graph indicated Cu,Fe(CN),,0-52K,Fe(CN),, it appears that 
the increase in the potassium ferrocyanide content must have been due toentrainment. All the 
other precipitates contained the normal ferrocyanide and varying amounts of the potassium salt 
which were slightly higher than those indicated by the graphs, as shown in the last column of 
the above table. 

Numerous double ferrocyanides have been reported which, in general, do not contain more 
than 1 mol. of potassium ferrocyanide per mol. of normal heavy-metal ferrocyanide. The 
conductometric curves here described show, not only that double salts are formed, but that they 
are sparingly soluble. On the present evidence, however, it does not seem justifiable to dis- 
criminate between the double salts as to which are definite compounds. Such information can 
only be satisfactorily obtained from an extended phase-rule study. 


Grateful thanks are accorded to the Department of Scientific and Industrial Research for a 
maintenance grant to one of us (E. N. D.). 


UNIVERSITY COLLEGE, EXETER. (Received, September 30th, 1933.] 





' 366. Beryllium Benzoylacetonate. 
By R. W. BatLey, F. M. BREwer, and H. M. Powe Lt. 


ALTHOUGH beryllium acetylacetonate has long been known, the benzoylacetonate has not 
yet been described. Mills and Gotts (J., 1926, 3121) have demonstrated the 4-covalency 
of beryllium in compounds of this type by the resolution of the benzoylpyruvic acid deriv- 
ative. It was not possible to demonstrate optical activity in the benzoylacetonate, but 
it possesses other optical properties, notably a high dispersion and very strong double 
refraction, which are noteworthy. 


Preparation.—Beryllium hydroxide was converted into the more reactive basic carbonate 

(compare Parsons and Robinson, J. Amer. Chem. Soc., 1906, 28, 557) as follows: A litre of 

water was saturated with solid ammonium carbonate at 25°. The 

“P temperature was then raised to 35°, and the solution shaken with an 

excess of beryllium hydroxide. After filtration, steam was passed 

through the solution for 2 hours and the precipitated basic carbonate 

filtered off, washed with hot water, and dried at 100°. 20 G. of 

benzoylacetone were dissolved in 200 c.c. of 98% alcohol, a suspension 

of 5 g. of the basic carbonate in 200 c.c. of alcohol added, and the 

mixture refluxed on a water-bath until carbon dioxide was no longer 

evolved (about 3 hours). When the clear solution so obtained was 

cooled, a white precipitate of beryllium benzoylacetonate suddenly 

appeared which would not redissolve on warming; it was recrystal- 

lised from toluene, a steam-jacketed filter being used [Found: Be, 

2-82; C, 71-6; H, 5-5; M, cryoscopic in benzene (standardised against naphthalene), 328. 

Be(C,9H,O,), requires Be, 2-73; C, 72-5; H, 5-4%; M, 331]. The beryllium content was 

determined by warming with concentrated sulphuric acid and subsequent ignition to oxide. 
The low carbon content may be due to carbon left in the combustion residue. 

Properties.—Beryllium benzoylacetonate melts at 210°, is insoluble in water, dilute acids, 

and alkali, and is not appreciably attacked by these solvents even on boiling. It is almost 

insoluble in alcohol, but moderately soluble in benzene (2% at 15°) and more soluble in toluene. 

Crystallographic Description (by H. M. Powell).—Colourless crystals (see fig.) were obtained 

from toluene solution by cooling. System: monoclinic; @:b:¢ = 0-6236:1:0-5953; 8B = 

95° 50’. They were very soft and showed no distinct cleavage. Vicinal faces frequently 

developed on /-, 0-,and ~. Examination of a large crop revealed no sign of enantiomorphous 

forms. Etch pits produced by toluene do not indicate absence of a symmetry plane and no 

pyroelectric effect is observable by the liquid-air method. The crystals are presumed to be 

those of a racemic compound. In the following table are recorded the mean observed angles 

for three crystals measured on a two-circle goniometer. The angles in parentheses are to be 

added to give the calculated values. 
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b (010). 1 (120). q (011). o (111). p (11). 
0° 0’ 39° 16’* 10° 0’ (—8’) 61° 3’ 304° 14’ (10’) 
90 0 31 0 (—11) 50 31* 46 7 (0) 


The setting is in accordance with the Barker rules. Classification angles (calculated) are 
cy 40° 53’, va 43° 17’, am 31° 27’, bg 59° 42’. 

Optics. The double refraction is very strong, and the high dispersion gives the crystals 
the fiery appearance of diamond. The refractive index 8 which is for vibrations parallel to 
the B axis was determined by use of the natural prisms. Obs. B = 1-711 (Li), 1-732 (Na), 
1-762 (Tl). The highest and lowest refractive indices observed for any vibrations were 1-795 
(Na) and 1-633 (Na), but these are not necessarily y and «. The lowest value observable by 
immersion methods was 1-633 (Na). In thin fragments one axis of a negative biaxial inter- 
ference figure with highly coloured brushes was observed. 


UNIVERSITY MuSEUM, OXFORD. (Received, October 24th, 1933.] 





367. The Properties of the Chlorides of Sulphur. Part VI. 
Chemical Analysis. 


By A, HERBERT SPONG. 


IN previous papers (J., 1929, 1421; 1930, 782, 1005) it has been shown that liquid sulphur 
chloride mixtures containing more than 50 atoms % of chlorine may be regarded as con- 
sisting entirely of sulphur dichloride, sulphur monochloride, and free chlorine. This fact, 
together with the relatively slow rate of reaction in such systems (J., 1931, 323), made 
the determination of these three constituents possible by chemical means; such a procedure 
had formerly appeared impracticable owing to the supposed greater complexity of the mix- 
tures, but with ternary mixtures it suffices to determine the total chlorine and that part 
of it which is in the free condition. 

The investigation was facilitated by Mr. A. E. Wadsworth’s observation (private 
communication) that sulphur chloride in dilute solution in carbon tetrachloride is reduced 
on stirring with aqueous potassium iodide, iodine being liberated. The reduction is 
approximately quantitative, though the first product is not free iodine, since the solution 
in carbon tetrachloride is a reddish-orange, although the aqueous layer has the usual colour 
of a dilute solution of iodine in potassium iodide. The composition of the intermediate 
product has not been determined : it is perhaps a complex containing sulphur, chlorine, 
and iodine. If thiosulphate is added, the colour of the carbon tetrachloride phase becomes 
paler, finally passing through an extremely pale yellow to colourless, making the end-point 
very difficult to observe. Moreover, starch was useiess as indicator, since it was apparently 
adsorbed at the carbon tetrachloride—water interface and merely retarded the transfer of 
iodine between the two phases. A back-titration method was therefore adopted, an excess 
of thiosulphate being first added and the excess then determined by means of a standard 
solution of iodine. This process affords a measure of the total chlorine. 

A similar determination was then made, but $-naphthyl ethyl ether was added to the 
solution of sulphur chloride in carbon tetrachloride (before addition of aqueous potassium 
iodide) in order to remove free chlorine from the sphere of the reaction. The difference 
between this and the foregoing determination afforded a measure of the free chlorine. 

Since iodine catalyses the combination of sulphur monochloride and chlorine (J., 1927, 
746; 1931, 323) and is therefore likely to catalyse also the dissociation of the dichloride, 
it might be thought that its presence would render invalid any determinations made by 
this method. This, however, appears unlikely, since the iodine, in the first place, is not 
liberated in the free condition, but in the form of a complex. The free iodine resulting 
from the dissociation of this complex will be largely transferred to the aqueous layer, 
on account of the considerable excess of potassium iodide present in that phase, and thus 
removed from the sphere of the reaction. Moreover, unpublished experiments indicate 
that the presence of moisture inhibits the reaction between sulphur monochloride and 
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chlorine, even in the presence of the autocatalyst—an effect which is probably due to 
the products of hydrolysis of sulphur chloride. 

The concordance of the analyses supports the view that the system is not disturbed by 
the presence of iodine, since, although no attempt was made to control the time interval 
between the addition of potassium iodide and the commencement of titration, the amounts 
of free chlorine found in a given mixture did not vary to any marked degree. 


DISCUSSION. 


1. The Iodometric Determination of Total Chlorine.—It will be seen from Table I that in 
general the later experiments show better agreement between the iodometric and the hydro- 
lytic method, the proportion of chlorine titrated iodometrically approaching 98% of the 
total amount present. This may be due to improvements in technique, but the very low 
values recorded for mixtures 1—4 are perhaps due to some unsuspected reducing material 
inthem. The amounts of free chlorine found in these mixtures are in good agreement with 
those found in later preparations. 

There remain three likely sources of error: (i) Lack of sensitivity in the method ; 
(ii) changes of composition during sampling; (iii) partial hydrolysis when the aqueous 
potassium iodide is added. 
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(i) The sensitiveness of the method was tested by titrating known amounts of iodine in 
presence of carbon tetrachloride; the violet colour of the carbon tetrachloride solutions 
passed through pink to colourless, giving a sharp end-point, the error never amounted to 
more than one drop of thiosulphate, and the same end-point was obtained by addition of 
excess thiosulphate and back titration with iodine. 

(ii) Changes in composition during sampling appear to be unimportant, since (a) except 
in the case of a solution of sulphur in sulphur monochloride, duplicate analyses showed 
satisfactory agreement, and (b) concordant values were obtained for earlier and later 
samples drawn from the same mixture, except for mixtures rich in chlorine, which easily 
lose this constituent. Mixtures of higher chlorine content than sulphur dichloride could 
not therefore be analysed in this way. 

(iii) Partial hydrolysis is a more serious cause of error, since the aqueous layers were 
found to contain acid, which caused decomposition of the thiosulphate, unless they were 
diluted with a large excess of water before titration. Also, the typical smell of the products 
of hydrolysis of sulphur chloride can usually be detected after addition of the aqueous 
potassium iodide. The fact that the whole of the chlorine could not be titrated may be 
due to hydrolysis, but this would have no effect on the determination of free chlorine, which 
may be expected to react directly and instantaneously with the potassium iodide, the 
combined chlorine alone being subject to hydrolysis. 

2. The Estimation of Free Chlorine.—The results of the analysis of a series of mixtures 
are plotted in the fig., where the curves represent values calculated according to the law of 
mass action from two possible values of the equilibrium constant. Over a considerable 
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part of the range of compositions examined, the results of analysis are in accordance with 
the view that equilibrium in the liquids is dominated by the dissociation 2SCl, == 
S,Cl, + Cl, The dissociation constant 0-013 is slightly higher than the value 0-009 found 
by colorimetric methods (J., 1929, 1421), but this only corresponds to a change in the degree 
of dissociation of SCI, from 16 to 185%. It is, however, also clear that, when the com- 
position of the mixture approaches that of sulphur monochloride, a disturbing influence 
appears. This may be due to the dissociation of sulphur monochloride itself, for which 
various mechanisms have been suggested by previous workers (Aronstein and Meihuizen, 
Verhand. Akad. Amst., 1898, 6, No. 3; Arch. néer., 1900, 3, 89; Trautz, Z. Elektrochem., 
1929, 35, 110). 

For the present purpose it may be assumed that sulphur monochloride tends to dis- 
sociate according to the reversible equation : 


$S,Cl ==S,Cl+S,Cl........ @ 


The two chlorides $,Cl, and S,Cl, are both known more or less definitely, and they are the 
nearest in composition to S,Cl, of any of the possible products of its dissociation. The 
existence of S,Cl, has already been postulated (see J., 1930, 1005) as a product of the dis- 
solution of an excess of sulphur in the monochloride, and definite evidence of its presence in 
such solutions has been obtained from the refractive indices by Baroni (Atti R. Accad. 
Lincei, 1932, 15, 305), who found no indication of any other polysulphide. It is probably 
a member of the series of covalent dichlorides, Cl-Cl, Cl-S—Cl, Cl-S-S-Cl, Cl-S-S-S-Cl, 
and would be expected to be relatively inert. S,Cl, has been frozen out (J., 1927, 746) from 
mixtures containing 56-6—59-2 atoms % of chlorine. It is probably a perchloride of the 
same type as sulphur tetrachloride and would be expected to be equally reactive, dissociat- 
ing readily according to the equation S,Cl, == S,Cl, + Cl,. It may thus become the 
source of the chlorine found in the analysis of mixtures 5 and 9. A second dissociation of 


this compound is also possible, v7z., 
S,Ci, == S,Cl,.+SC, . ....+ +. - @ 


and there is evidence to show that this actually takes place at high temperatures. For 
instance, Trautz (loc. cit.) records that, when sulphur monochloride was heated, it first lost 
chlorine; but after long bo:ling the red colour of the dichloride sometimes appeared. The 
latter change, however, was never observed at temperatures below 100°. 

Experiments on the changes of density in heated and irradiated sulphur monochloride 
(to be described in a later paper) are also in accord with this mechanism, and confirm the 
view that reaction (2) is normally very slow. It may also be pointed out that reaction (1) 
of this scheme is the only possible dissociation which meets the objection raised by Aron- 
stein and Meihuizen (loc. cit.), that if polysulphides are formed it is difficult to account for 
the high vapour density found for sulphur monochloride by Marchand (J. pr. Chem., 1841, 
22, 507). 

EXPERIMENTAL. 

Materials.—(a) Carbon tetrachloride, purified by shaking two or three times with concen- 
trated sodium hydroxide solution, was washed with water and dried for some days over calcium 
chloride and finally for a few hours over phosphoric oxide. The liquid was then decanted and 
distilled through a fractionating column, the portion boiling at 76-70° + 0-05° (corr.) being col- 
lected. In the recovery of residues, the washing with alkali was preceded by shaking two or 
three times with 98% sulphuric acid and once with water. 

(6) Sulphur monochloride (from B.D.H. and from Kahlbaum) was redistilled in an all-glass 
apparatus under reduced pressure, with the addition of 1% of sulphur and 1% of freshly ignited 
charcoal. The distillate was stored in sealed tubes. 

Mixtures richer in chlorine were prepared by passing chlorine through the redistilled mono- 
chloride. For this purpose, chlorine from a cylinder was purified by passing through aqueous 
solutions of copper sulphate and of potassium permanganate ; it was then dried by passing through 
concentrated sulphuric acid and then over a layer (4 ft.) of calcium chloride previously ignited 
to its sintering point. The solutions were heated in sealed tubes and kept for some days to 
ensure the attainment of equilibrium. 
oH 
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A mixture containing an excess of sulphur was prepared by dissolving in the redistilled mono- 
chloride a suitable quantity of sulphur recrystallised from carbon disulphide. 

All sulphur chloride mixtures were analysed by a procedure similar to that described in Part I 
(J., 1927, 746). 

(c) B-Naphthyl ethyl ether was obtained from B.D.H. and used without further purification, 
its suitability being tested by titration of known amounts of iodine in presence of weighed quanti- 
ties of the ether. Most specimens were without effect, but some (probably owing to traces of 
impurity) appeared to react slightly with the iodine. The extent of this reaction was shown 
to be independent of the amount of iodine present and a correction was therefore applied. 

Method of Sampling.—The method described by Trautz (/oc. cit.) was adopted. Small thin- 
walled bulbs having capillary stems were dried and weighed. They were then dipped in the 
liquid under examination. When a sufficient quantity of sulphur chloride had entered, the 
bulbs were withdrawn, rapidly sealed, wiped with filter-paper, and again weighed. 

For the purpose of sampling, the mixtures were transferred from the sealed storage tubes to a 
wide-mouthed, well-stoppered bottle, previously cleaned and dried, which was kept, whilst 
samples were being taken, over sulphuric acid in a desiccator. 

Determination of Total Chlorine.—The bulbs were broken under a quantity of carbon tetra- 
chloride sufficient to give a concentration of about 0-06 g.in 100c.c. (This dilution is necessary 
in order to prevent precipitation of sulphur when the potassium iodide is added, since Wads- 
worth finds that sulphur which cannot be dissolved in the carbon tetrachloride assumes a plastic 
form and adsorbs iodine, leading to a low titration.) 50 C.c. of 10% aqueous potassium iodide 
solution were then added as rapidly as possible, and the whole stirred by hand for a minute or 
two, 400 C.c. of water were next added, and the two phases thoroughly mixed by means of 
a mechanically-driven bulb stirrer. After stirring had been in progress for at least 5 minutes, 
addition of sodium thiosulphate from a burette was commenced, and was allowed to continue 
slowly for about 30 minutes. The thiosulphate should then be in excess and both layers colour- 
less. The stirrer was now raised so as to stir only the aqueous layer, and the excess of thio- 
sulphate was titrated with a standard solution of iodine in aqueous potassium iodide, starch 
being the indicator. By this method, concordant results can usually be obtained. 

Long-continued stirring and gradual addition of sodium thiosulphate are essential, since the 
presence of excess thiosulphate appears to exert a retarding effect on the dissociation of the 
iodine complex. Nevertheless, the final addition of excess thiosulphate is apparently necessary 
in order to ensure the completion of this dissociation, and stirring should be continued for at 
least five minutes after all visible colour has disappeared from the carbon tetrachloride. 

The results of experiments on a series of mixtures are in Table I. The material used in 
preparing mixtures 1—4 was different from that employed in the later preparations. 


TABLE I. 


The Iodometric Method of Analysis. 
Total Cl, % Titrated Cl, % : Total Cl, % Titrated Cl,% |. 
(hydrolytic  (iodometric ‘Titrated Cl, (hydrolytic  (iodometric. Titrated Cl. 
method). method). Total Cl No. method). method). Total Cl 
57°4 46°8 0-82 68°84 65-82 0-955 
68°13 57°0 0°84 51°72 51°32 0°993 
65:9 54°5 0°83 46°07 45°05 0°977 
63-7 52°7 0-83 58°19 56-00 0-963 
52°8 51°5 0°975 60°86 59°89 0°985 
58°66 56°46 0°963 68°45 67°16 0-982 
61-32 59°47 0-970 
Determination of Free Chlorine.—To a sample, weighed and dissolved in carbon tetrachloride 
as already described, 3 g. of 8-naphthyl ethyl ether were added and the liquid stirred for a few 
seconds. As soon as the ether had dissolved, 50 c.c. of 10% potassium iodide solution were 
added and the remainder of the experiment carried out as in the titration of total chlorine; 
from the difference, the free chlorine was calculated. Results of duplicate analyses were 
generally concordant within 0-5%. The results are in Table II, where the mol.-fractions of free 
chlorine found are compared with those calculated from two values of the equilibrium constant, 
K = [S,Cl,}[Cl,] /[SCl,]* (J., 1929, 1421), viz., 0-009 and 0-013 (see p. 1549), the latter being 
the most probable mean of the “ constants”’ calculated from these mol.-fractions of free 
chlorine. The same comparison is also shown in the fig., where the points represent the exper!- 
mental and the curves the calculated values. 
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TABLE II. 
Variation of Free Chlorine Content with Composition of Mixture. 
Free Cl, mols. %. Free Cl, mols. %. 
; — Cale. 
ey, c a ‘ 
Total From From Total From From 
Cl, K= K= K, Cl, K= K= K, 
No. at.%. Found. 0°009. 0°013. found. No. at.%. Found. 0-009. 0°013. found. 
10 43°55 0-00 0-00 0-00 _ 7 58°90 1°45 0°75 1:10 0-019 
9 49°17 1-08 0-00 0-00 — 4 61°40 1-94 1:78 2:22 80-011 
5 50°21 1-86 0-00 0-00 — 3 63-60 4:17 3°12 408 0-013 
1 54:37 0°86 0-21 0-25 0°049 2 65°93 7°80 6°41 764 0°013 
11 55°70 0°52 0°24 037 8©0°019 13 66°25 10°20 7°20 8:39  0°020 
6 5619 0°38 0°36 048 O-Ol11 8 66°64 9°47 8-01 9°22 0-014 


0°70 0°93 0-014 





SUMMARY. 


1, An iodometric method of determining total chlorine in sulphur chloride mixtures 
has been investigated and found to be fairly accurate. 

2. Free chlorine can be removed from such mixtures by 8-naphthy]l ethyl ether, and the 
combined chlorine remaining then estimated, the free chlorine content being thus obtained 
by difference. 

3. The results are in accord with the view that equilibrium in the liquids is dominated by 
the dissociation 2SCl, == S,Cl, + Cl,. They also show, however, that sulphur mono- 
chloride is itself dissociated and a possible mechanism for this dissociation, based upon the 
equilibrium 3S,Cl, == S,Cl, + S,Cl,, is discussed. 


The author is indebted to Professor T. M. Lowry, F.R.S., for his advice and encouragement 
throughout the work. 


LABORATORY OF PHYSICAL CHEMISTRY, 
CAMBRIDGE UNIVERSITY. [Received, October 16th, 1933.] 





368. Some Electrostatic Factors which can operate in Polar Reactions. 
By WILLIAM A. WATERS. 


PoLar reactions, which may be defined as reactions involving either (a) the ionisation of a 
covalent bond, (b) the attack of a molecule by an ion, or (c) interaction of two polarised 
(1.e., electrically dipolar) molecules, are influenced by the electrostatic environments of the 
reactant molecules, and, though much more slightly, by those vicinal to them. Since many 
such reactions in solution take place at rates given approximately by the expression 


k = (no. of collisions per sec. between reactants) x e#/#? 


(Moelwyn-Hughes, Chem. Reviews, 1932, 10, 241; Grant and Hinshelwood, J., 1933, 258), 
one infers that the electrostatic, or, as they are more frequently called, the “ general 
polarity ’’ factors influencing chemical reactivity, as measured by the magnitude of k, affect 
the energy of chemical activation, E, rather than any “ phase” or “ probability ” factor. 
This is substantiated by the experimental results of Bradfield (J., 1931, 2907), Watson 
(this vol., p. 890), and several others, who have found that in the comparison of many 
different series of well-defined reactions, occurring under standardised conditions, only a 
single constant, C, in the equation k = C . e~*/8? is necessary for all members of the series. 
An examination of the way in which electrostatic influences can affect this energy of 
activation of polar reactions of molecules, particularly those of organic substances, aftords 
considerable insight into both the nature and the possible magnitude of ‘‘ general polarity 
effects ’’ upon chemical reactivity. 

I. Case of a Reactant Ion.—A free ion in solution (e.g., OH’, CN’) possesses electrostatic 
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energy E; = 1/2.e?/Dr, where ¢ is its charge and ¢ its radius, when in a medium of dielectric 

constant D. This energy Ej, which is of the order of 1000—10,000 cals. per g.-mol., is 
available for activation, but does not all become free energy in the reaction unless the 
products are all electrically neutral, as occurs in the combination of oppositely charged 
ions. When one is considering the chemical reactions of ions of large molecules, as, ¢.g., 
the anions of organic acids, it must be remembered that the ionic charge is localised at one 
part of the large molecule. The value of E; therefore may change but very slightly from 
one molecule to another in a series, and indeed the value of 7 may be fixed by the radius 
of the single atom carrying the polar charge. (Carboxyl and a few other ions seem to have 
a charge distributed amongst a few atoms, but many simple ions can be examined, as for 
example O’ in phenoxides, or N° in ammonium salts.) 

II. Case of a Reactant Dipole——When any covalent bond, A—B, is ruptured in a polar 
reaction to give ions, A* + B’, which subsequently interact with other reagents, energy of 
activation, Ez, must be supplied to the covalent bond partly to compensate the quantised 
energy, Eg, of the electron pair forming the bond, and partly to draw apart the positive and 
negative ions from their initial close juxtaposition to their final states in which they become 
independent of one another. With respect to the quantised energy of the electrons forming 
the covalent bond, one cannot suggest more than that, since the electron orbits must obey 
quantum relations for each atom, Ez might be constant in amount for a particular reaction 
throughout a whole series of molecules of the same structural type. The variation of the 
electrostatic charge energy, Ec, can however be computed for the reactions of bonds which 
are initially permanent dipoles. 

If the covalent bond possesses an intrinsic dipole moment, », and has a polarisability, 
a, which measures the dipole produced by unit applied field, so that in field F the total 
moment m = u + a«F, then electrical energy E; = 4u?/« can be associated with the bond, 
this being the work which would be required to draw apart electrical charges from a neutral 
system till the whole acquired the moment yp. Now, should the dipole moment of the 
covalent bond be of the same orientation as that attained by the two ions in the completely 
activated substance, ¢.g., in the case of >C—Cl —» >C*+ Cl’, then the total energy of 
activation of the bond is Eg = Ey — E, = Ey — }y?/«; in the inverse reaction, however, 
energy Eq + 4y?/« will be required. Thus electrostatic considerations alone predispose 
unsymmetrical molecules to act in particular ways. The dipole energies of typical bonds 
are given below: u is the experimentally measured permanent dipole moment of the bond; 
« is calculated from bond refractivity (von Steiger, Ber., 1921, 54, 1381; Fajans and Knorr, 
Ber., 1926, 59, 249), since, according to the theory of Debye, the total polarisation 
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of any molecule in an electrostatic field contains a fraction 4tNa/3 = P, + Py, due to 
electrostatic displacements of both electrons and positive nuclei by any applied electrical 
field, which is calculable as the molecular bond refraction for visible light waves, according 
the Lorentz—Lorenz formula [Rz] = (n? — 1)M/(n? + 2)d = P. 


P =P, + Py+P,= 
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TABLE I. 










p X 1018, Bond polarisation. Bond e.s. energy, $u?2N/a, 
e.S.u. 4nNa/3. a xX 10%. cals. per g.-mol. 









GED.  Siassaaiincesenianiereaanetanbins 2-76 3°42 1°35 40,680 
GE | cddantniainiitbtnamielsiacesanasces 1°45 1-60 0°63 30,400 
ROPE vacraciveserneiaceves 1°88 9,900 
CE CIS cc ecccsiccceectcscss 2°15 6°57 2°59 12,900 
SE tlie eve hveocueauas 1°56 5,400 
REOEEE  exwixudseserseeseress 1-80 - 6,290 
GBF € GUIAIIE osc ciccsccescceeesees: 2-21 9°47 3°73 9,530 
PD: :ctotedscndenbweekin 1°52 4,500 
MANO scescecssesessetssanseve 1°63 3,370 
C—I BEDMGAKC osccccccccscessecsses 1°13 14°61 5°715 1,620 
NEE Sev eddcstcduccndcvace 1:27 2,050 
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The above table exemplifies the importance of electrostatic energy in bond activation, 
particularly when it is remembered that the usual energy of activation needed in an organic 
reaction is of the order of 20,000—30,000 calories. 

‘General polarity ’’ and activation of bonds at a distance. Poles and dipoles, in virtue 
of their electrical structure, not only possess intrinsic electrical energy, but can exert electri- 
cal effects at a distance. These electrostatic effects are in reality induced electrostatic 
potentials, which alter the energy of activation of distant bonds within the same molecule, 
giving rise to “‘ general polar’ changes of reaction velocity. If one considers only the 
operation of electrostatic fields in an isolated molecule, and not those which are “ electro- 
meric’ or essentially time-variable, then there remain two ways of electrostatic linking 
between bonds : 

(a) “‘ Direct ’’ or “‘ field” effects. Any pole or dipole is surrounded by an electrostatic 
field, diminishing with distance according to an inverse-square law for a pole, and an 
inverse-cube law for a dipole. This must operate across free space and also through 
intervening atoms: these, however, may give rise to further electrostatic effects. 

(b) ‘‘ Induced” or “ secondary ”’ effects. The field due to a pole or dipole within a 
molecule endows each covalent bond with an unsymmetrical electrical environment. The 
electrons of each atom are consequently perturbed from their normal orbits, and the bond 
becomes polarised, gaining an induced dipole. This induced dipole creates a secondary 
electrical field, which can induce further electrical asymmetry, and so on. The total 
polar effect of a group is thus to be measured as a compounded vector sum of direct and 
induced polarisations. 

III. Magnitude of the “‘ Direct” (Field) Effect—(a) The electrostatic potential at 
distance d due to a pole e is e/Dd, and its field is e/Dd*. For any reactant ion of charge 
e’ to approach a molecule (or reactant bond in a molecule) at distance d from a pole situated 
elsewhere in it, work AQ = ee’/Dd must be done against electrostatic influences. This 
energy AQ must be added to, or subtracted from, the energy of activation of the reactant ° 
bond, and in the equation k = C .e“/*? represents quantitatively the direct electrostatic 
effect of a substituent pole. Bjerrum (Z. physikal. Chem., 1923, 106, 219) and, later, Gane 
and Ingold (J., 1928, 1599, 2267) have used the above equation successfully for estimating 
the effect of a carboxylate anion, -COO’, upon the second dissociation constant of a dibasic 
acid. The equation has also been used in connexion with the esterification constants of the 
half esters of such acids (Ingold, J., 1930, 1375). The energy change AQ due to the direct 
effect of a pole is of the order of 1000—10,000 cals. per g.-mol., a very appreciable fraction 
of E. The value of the dielectric constant D to be used in computing it is uncertain, since 
the dielectric properties of the interior of a molecule are unknown, though, for the examples 
quoted, in which the calculation involves the extra electrostatic work required to remove 
proton from surrounding water molecules, the bulk dielectric constant of the solvent was 
taken, with very little consequent error. 

(b) The electrostatic potential at a distance d from a permanent dipole p, is p cos 6/Dd?, 
and its field is y»/ (1 + 3 cos? 0)/Dd’, where @ is the vector orientation of the dipole to the 
point under consideration. The energy change due to the electrostatic field of a dipolar 
group acting upon a free ion of charge e’ is therefore AQ = e’u cos 6/Dd*. The possibility 
of correlation of rates of chemical reaction with magnitudes of electrical moments of 
permanent dipole substituents, first suggested tentatively for series of m-substituted 
aromatic acids and bases (Waters, Phil. Mag., 1929, 8, 436), has been found to hold very 
closely by Nathan and Watson (this vol., pp. 890, 1248) for the dissociation constants of 
aliphatic acids of the series CH,X-CO,H, and for several series of aromatic side-chain 
reactions, in all of which the “ polar ”’ influence of the substituent group has been long 
recognised as being of “‘ general”’ or time-invariable nature. 

(c) A field effect, which operates so that AQ varies as yp, is also exerted between two 
molecules if both are permanent dipoles. Adopting the equations for the analogous 
case of two small magnets, the force between two dipolar molecules varies as py’/d*, and 
the couple tending to turn either into a position parallel to other varies as uy’ /d®. The 
orienting effect of a dipolar group on a reactant molecule is therefore more powerful at a 
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distance than its direct attraction, and consequently the probability of a reactant molecule’s 
coming into the sphere of action of another in correct “‘ phase position”’ is highly favourable. 
For two dipoles at distance d, and vector orientations 0 and 0’ respectively to their line of 


centres 
\p. u’/ 
0\ <------------ d- = / 9’ 


\ / 


the positional energy AQ = (sin 0. sin 6’ — 2 cos 8. cos 6’) X uy’/d3D, and, in the favour- 
able position when the turning couple is zero (assuming the dipole of moment yp’ and 
orientation 6’ to be the one free to move), this becomes AQ = ~/ (1 + 3 cos? 6)up’/d8D. 

(d) The equations for the direct action of a pole upon a dipolar reactant molecule are 
similar to those of section (b), above, viz., AQ = ey’ cos 6’ /d*D. 

IV. Magnitude of ‘‘ Induced”’ or “ Polarisation’’ Effects——Chemical reactions which 
involve the polar activation of a bond in a molecule are affected through the “‘ polarisation ” 
of this bond by poles or dipoles situated elsewhere in the same molecule, and this polaris- 
ation change alters the energy required for activation. Ifa bond of polarisability «, which 
is initially non-polarised, is situated in an electrical field F, then it will be disturbed so as 
to gain a moment m = «F, with which is associated energy }«F*. Substituting the values 
of F for poles and dipoles of the previous section, there results : 


for the effect of a pole, AQ = 4ae*/Dd*; 
for the effect of a dipole, AQ = $ayu?(1 + 3 cos? 6) /Dd°. 


This effect not only falls off exceedingly rapidly with increase of distance, but is, on account 

of the small value of « for most bonds, very much smaller than the direct effect of the 
direct electrostatic field operating on a free reactant ion or molecule. 

Polarisation can, however, be induced from bond to bond in a molecule, and so may 

be transmitted internally over a considerable distance. A picture of such transmission has 

been given by Sutton (Proc. Roy. Soc., 1931, A, 133, 680), and, follow- 

Cc. ing a similar conception, the magnitude of this induced polarisation 

o . %% 24% 8\ can be gauged from a knowledge of bond polarisabilities. Consider 

XZC,’* a chain of atoms, X-C,-C,—. . . . in which X generates a direct field 

F, upon the atom C,. Bond X-C, of polarisability «, thus becomes 

a dipole of moment magnitude m, = «,F,, having associated energy }«,F,?; bond C,-C, 

is influenced by the dipole in X—C,, and gains a secondary dipole 


My = %%,F V1 + 3 cos? 0/d,3, 


where d, is the length of the bond C,-C, (or, perhaps, the distance between the medial 
points of X-C, and C,-C,) and 0 is the angle between the two bonds. 
The electrostatic energy of induction associated with C,-C, is 


E, = 4e,F ,?[«,V 1 + 3 cos? 6/d,5]? 











For bond C,-C, : 
induced dipole from C,-C, = agmy = ag[ay. «(1 + 3 cos? 0) ./1 + 3 cos? 0,/d,3. d,8]F 
associated energy Ex = daa, .a,.V (1 + 3 cos? 6,)(1 + 3 cos? 6,) /d,3d,3]2 F,?. 


The factor [a1 + 3 cos? 6/d,] = 8 may be termed the induction ratio, characteristic of 
a bond. By introducing it, the above equations can be simplified as follows : 








(i) Group X is a pole: 
F,=e/d; E, = 4a,e?/d*; mM, = %,e/d? 
My = %28,6/d? ; E, = $48,7e?/d* 
Mn One By ° By ee Bn /d? ; En = 4 e ané?(B, ° By ae Bn)? /d4 
(ii) X is a dipole, moment yu (alternatively » may be associated with the first covalent 
bond, m, with the adjacent bond, and so on) : 





— A.%4 ™ @® © ® O 
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F, = pV (1 + 3 cos? 6) /d3; mM, = vB; E, = $u*p,?/o, 
Ms = UByBo; E, = $u7(8185)"/a, 
Ma = u(B, . By ie 60 eee Bn) ; E, = $u?(B,B> cee eee Ba)? /an. 

Polarisation effects, therefore, whether induced in a bond by an electrostatic field 
operating over a distance, or from the immediately adjacent bond, affect the energy of 
activation of any bond by amounts depending upon the square of the charge on the pole, 
or of the moment of the dipole which induces the polarisation. One may suggest that the 
empirical equation of Nathan and Watson (loc. cit.) for induced reactivity E = Ey + 
C(u + ay), for which these authors have found ample experimental justification, ex- 
presses by the term Cy the direct effect of the inducing dipole upon the reactant ion or 
dipole, and by the term Cay? the induced polarisation effect of the dipole upon the covalent 
bonds which have to be activated. 

V. Secondary Effects of Induction and Polarisation—(a) An induced dipole can produce 
a field effect, which must be summed in together with the other “ polar ” effects that alter 
energies of chemical activation. The equations for these secondary field effects are : 











Secondary effects from pole. Secondary effects from dipole. 
my, => a,e/d?; Mn = atné(P1B, os & & ee « Bn) /d? my, = uB ; Mr = (By e By e Bg +t wee Bn) 
Field effect due to m,. 
2,2 2 2g 2 2 
at «ta Ret . 0) Ap = tint 8,7(1 + oe 0) 
d, d, dj 


Field effect due to mn. 
2(1+3 cos? 6 1+3 cos? 6 
AQ= fon Ee (ByBa----. ox) | i AQ=}an(uB,- Bg... Bn)? a 


As the number of bonds increases, the number of terms 8 in these expressions also in- ~ 
creases, but at the same time the distance of direct action d, decreases. Cases can arise, 
however, in which the secondary field effects predominate, as, owing to steric considerations, 
particular bonds may be in close proximity, though separated by an atomic chain of 
considerable length. 

(6) In developing equations for the transmission of induced polarisation in a chain of 
atoms, it was assumed that an induced dipole does not appreciably react back upon pre- 
ceding ones. This is not exactly true, but, as in the case of the secondary field effects, the 
changes due to such reaction are usually of second-order magnitude. Equations for this 
secondary induced polarisation can be derived as follows. Ina chain we have initial dipole 
=u; first induced dipole = m, = uB,; second induced dipole = m, = p84 Bo. 

Hence the effect of dipole m, on dipole m,, or m,? = u8,88,, etc. Summing all these 
effects, we may write 

m” = pB,(l + B+ RA+....)= uBR 

Similarly m= = vB,Bo(1 + 6? + B*...) or m” = uB,Bo. 

The resultant effect, it will be seen, produces merely an exaltation of the value of the 
induction ratio 8, from that which would be computed by the straightforward method. 
The difference between 8 and 8 will be very small unless 8 is large, and this is not the case 
for any bond which can be repeated successively in any chain of atoms in a complex organic 
molecule. Rough estimates of the magnitudes of 8 for the commoner covalent bonds in 
organic molecules are given in Table II. 

A pbplications of the Data in Table II.—(i) Transmission along a saturated hydrocarbon 
chain. The factor @? = 0-022 measures the fraction of electrostatic energy that can be 
passed on from one bond to the next. Induced activation is thus reduced to about one- 
fortieth of its amount per bond, and so must become negligible after traversing three bonds. 

(ii) Transmission along an unsaturated chain. The fraction of energy handed on by an 
olefinic linkage is about 0-5, and consequently induced effects are appreciable at a much 
greater distance. The introduction of an ethylenic linkage into a saturated chain does, 
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TABLE II. 


Calculated polarisability factors for typical bonds. 
Values of 8 for @ = Values of f? for @ = 





Mol. ax 10%, d x 108, a 

Bond. refn. c.c. cm. 0°. 90°. 109° 28’. 0°. 90°. 109° 28’. 
Cc—C 1-209 0°476 1°54 0°261 0-130 0°150 0°068 0°017 0°022 
C—C 4°15 1°634 1:35 1:33 0°664 0°767 1°75 0°441 0°558 
c=C 6°025 2°372 1:18 2°88 1°44 1°67 8°30 2°08 2°78 
C=O 3°42 1°347 1:37 1°05 0°524 0°605 1:10 0°275 0°366 
C—F 1-60 0°630 1:43 0°531 0°215 0°248 0°282 0°046 0-062 
C—Cl 6°57 2°587 1°74 0°982 0°491 0°566 0°964 0°241 0°320 
C—Br 9°47 3°730 1°85 1:18 0°589 0-680 1°38 0°347 0°463 
CcC—I 14°51 5°715 1:96 1°89 0°945 1:094 3°56 0°892 1:20 
aromatic 60° (60°) 

Cc—C 2°65 1:044 1°42 0°728 0°364 0°483 0°530 0°133 0°233 





in fact, produce an effect on polar activation equivalent to that of a conductor placed in a 
polarised dielectric. A continued chain of ethylenic linkages, however, does not occur 
in any stable molecule. For a conjugated chain the transmission per two bonds, 7.e., 
through C—C—C, reduces the induced moment to 10% and the energy transfer to about 
1% of the initial amount. Secondary effects due to interaction of dipoles, as in Section 
V, here reach their greatest intensity, but produce only about a 10% change in values 
calculated otherwise. 

(iii) Transmission in the aromatic ring. Values of 8 calculated from the refractivity 
of benzene indicate polarisability intermediate between that of saturated and unsaturated 
chains, and about twice that for a conjugated system. An appreciable induced polaris- 
ation can be transmitted from one atom in a benzene ring to its opposite (para) atom, but 
this induced effect is decidedly less than the direct effect in magnitude. 

(iv) The polarisability of the acetylenic linkage is so high that the induction ratio is 
well over unity. This is not an impossibility, but merely indicates the extreme ease of 
polar activation of the acetylenes. A very reactive bond can conceivably be polarised to 
complete activation—or separation of the positive and negative ions—by a moderate 
electrostatic field from a vicinal pole or dipole. A magnetic analogy of this is provided 
by the case of a piece of soft iron which, when placed in the earth’s magnetic field, acquires 
sufficient induced magnetisation to deflect a compass needle from its normal polar orient- 
ation, and to attract the needle to itself. 

(v) The high polarisability of the carbonyl group is to be anticipated from the magni- 
tude of the permanent dipole which it possesses, and is in accordance with the marked 
reactivity of all carbonyl compounds. 

(vi) The halogens show increasing polarisability with increasing atomic weight, though 
the intrinsic electrostatic energy of the carbon—halogen bond falls with increasing atomic 
weight. For instance, iodine, though a weaker generator of “‘ induced polarity ”’ (7.e., of 
a surrounding electrostatic field) than chlorine, is much more easily polarised by both 
positive and negative applied fields. The sequence of polarisabilities of the halogens is 
reflected by their reactivity sequence for both anionoid and cationoid dissociation. ‘“‘ Posi- 
tive halogens ”’ result when the induced electrostatic energy, due to an electrical field of 
vector orientation opposing that of the carbon—halogen linkage, is greater than the intrinsic 
electrostatic energy (Table I) of this same linkage. Such a state of affairs can easily be 
shown to occur in molecules such as CI, or CHBr(CO,Et),. The increase of the resultant 
dipole moment in passing from the methyl to the ethyl halides, and its constancy for 
all the subsequent members of the series can also be explained by taking into account 
the existence of an induced dipole in the C-C link in the ethyl derivatives. The following 
values have been calculated from the figures given by Sutton (loc. cit.) : 

Found in 





Moment in C-Hal. Moment in C-C. Vector sum. ethyl compound. butyl compound. 
CH,-Cl = 1°88 0°344 2°10 2°04 2°15 
CH,-Br = 1°80 0°330 2-01 1°88 2°21 
CH;-I = 1°63 0-300 1°82 1°65 2°13 
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SUMMARY. 


1. Equations have been derived (a) for the field effect of ionic charges and of per- 
manent dipoles, and (b) for the induced and inductively transmitted effects of ionic charges 
and permanent dipoles. These support the empirical equation of Nathan and Watson 
for reactivity, viz.. E = Ey + C(u + au). The term Cy is suggested as that to be corre- 
lated with the direct, or field, effect, and the term Cau? with the induced polarisation effect. 

2. Bond polarisabilities are computed from bond refractivity data, and indicate that 
the transmission of chemical reactivity by induction in any organic molecule should be 
much smaller than by direct action across space. This is in accord both with qualitative 
experience and with the small value (0-032) for the factor a of Nathan and Watson. 

3. Secondary effects, due to the disturbances set up in the arrangements of intermediate 
atoms in a polarised chain, are shown to be of second-order magnitude only. This will also 
apply to effects between molecules in any reaction mixture, and hence local electrostatic 
fields due to molecules will not appreciably change the frequency of intermolecular collisions 
from that calculable for electrically neutral molecules. 


The author thanks Dr. J. A. Chalmers and Dr. H. B. Watson for their suggestive and 


helpful criticisms. 
[Received, October 24th, 1933.] 
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369. The Water-gas Reaction in Low-pressure Explosions. 
By B. W. BRADFORD. 


EQUILIBRIUM is attained in the reaction CO, + H, == CO + H,O0 without change in 
the total number of molecules; hence, by the usual interpretation of the law of mass action, . 
the expression Kp = poo - fu,0/Poo, - Px, Should be constant and independent of the total 
pressure at which equilibrium is established. In one of the earliest investigations of the 
reaction, Dixon (Phil. Trans., 1884, 175, A, 618) found that the value of Kp derived from 
the composition of the cooled explosion products of CO—-O,—H, mixtures varied with the 
initial pressure of the gaseous mixture in certain conditions. Dixon, apparently, made no 
further study of this variation, and the possibility of a genuine pressure effect has been 
scarcely considered by later workers (compare Haber, Z. physikal. Chem., 1904, 44, 513; 
1904, 48, 735; Haber and Richardt, Z. anorg. Chem., 1904, 38, 5). It has, however, 
recently been shown by Finch and Patrick (Proc. Roy. Soc., 1930, 129, A, 672) that the 
homogeneous cathodic combustion of CO-O,—-H, mixtures at either sputtering or non- 
sputtering electrodes occurs in such a way that carbonic oxide is burnt preferentially, and 
that this preferential combustion becomes more pronounced with decreasing pressure. It 
was suggested to the author by Professor Finch that a similar effect should operate in 
gaseous explosions, and the following investigation was undertaken with the object of 
testing this view. 
EXPERIMENTAL. 

Dry gaseous mixtures of carbonic oxide and hydrogen in varying proportions, with insuffi- 
cient oxygen for complete combustion, were ignited in a glass explosion vessel which was main- 
tained at such a temperature that no wall-condensation occurred. The products of combustion 
were compressed by means of mercury and transferred for analysis to a modified Bone—Newitt 
apparatus in direct connection with the explosion bulb. The range of initial pressures employed 
was from 300 to 8-5 mm.; a special igniting circuit, described below, was necessary in order to 
initiate explosion at the lower pressures. 

A pparatus.—Fig. 1 is self-explanatory of the apparatus employed. Two explosion vessels 
were used for different series of experiments, the smaller (volume 100 c.c.) for explosions at initial 
pressures above 100 mm., and the larger (volume 800 c.c.) for initial pressures below 100 mm, 
Both vessels were fitted with stout platinum-wire electrodes separated by a central 3-mm. spark 
gap. Initial explosion pressures above or below 25 mm. were measured on a closed-limb mano- 
meter or a McLeod gauge, respectively. After compression of the products of an explosion and 
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transference to the gas-analysis apparatus, mercury was displaced from the explosion vessel by 
admitting dry air to it, and simultaneously evacuating the mercury reservoir. The explosion 
vessel was completely immersed in a water-bath maintained at a uniform temperature of 70° 
throughout the experiments. It was established in a preliminary investigation that no disturb- 
ance of the equilibrium by condensation occurred at this temperature. 

Ignition Circuit—The mixtures were ignited by high-frequency sparks, produced by the 
discharge of a bank of condensers (represented in Fig. 1 by the capacity H). The condensers 
were charged by an induction coil through the auxiliary gap K. In order to minimise loss of 
electrical energy, the connections between the condensers and the explosion vessel spark gap were 
made with 0-5-cm. diameter Litzendraht, and a 10uH inductance was included in the discharge 
circuit with the object of reducing the frequency and increasing the igniting power of the dis- 
charges (cf. Finch and Thompson, Proc. Roy. Soc., 1931, 184, A, 343). The wide explosion vessel 


Fie. 1. 


Gas analysis 
—> apparatus 





























spark gap (3 mm.) allowed the building-up of a sufficiently high breakdown potential, and hence 
a sufficient discharge of electrical energy, at the lowest gas pressures employed. 

At initial pressures greater than 100 mm., the capacity of the explosion vessel leads was 
sufficient to ensure ignition. The additional capacity necessary at lower pressures increased 
from 0-0025uF at 50mm. to 1l5uFat10mm. The validity of Paschen’s law over this range of 
pressures being assumed, the quantity of energy dissipated in the latter case was approximately 
250 times that in the former. It has been shown by Bone, Frazer, and Witt (Proc. Roy. Soc., 
1927, 114, A, 442) that the amount of spark energy dissipated during the ignition of a gaseous 
mixture has a marked effect on the characteristics of the subsequent explosion. Tests were 
therefore made to eliminate the possibility of irregularities due to thiscause. It was found that 
precisely the same results were obtained with a 2CO + O, + 2H, mixture whether exploded at 
150 mm, by the discharge of 0-0025, 1, or 5uF, and with a 3CO + O, + H, mixture at 25 mm. 
and capacities of 5 or 15uF. 

Preparation and Analysis of Gases.—Carbonic oxide, oxygen, and hydrogen were prepared in 
the manner previously outlined (Proc. Roy. Soc., 1929, 124, A, 306); argon was purified by 
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circulation for some hours over a mixture of red-hot lime and magnesium. Precautions were 
taken to exclude nitrogen from the gaseous mixture, in view of the possibility of its undergoing 
oxidation in the explosions : the amount of this gas never exceeded 0-2% and was usually less 
than 0-1%. Redistilled phosphoric oxide was used in all drying trains. The explosive mixtures 
were stored in a steel gas-holder over mercury; in order to ensure constancy of composition, 
several analyses of the original mixture were made during each series of explosions. 

The explosion products of certain mixtures at low initial pressures contained appreciable 
amounts of unburnt oxygen, which was determined by absorption in alkaline sodium hydro- 
sulphite (hyposulphite) or potassium pyrogallate solution; in such cases corrections for solution 
of carbonic oxide and hydrogen were applied when insufficient of the combustion products 
remained for independent determination of these two gases. 

The equilibrium constant K, was calculated from the expression : 


Ky = A[(x + A)< — C]/Cx 













where the percentage compositions of the initial and final gaseous mixtures are as follows : 






CO,. co. H,. 
Original Mixture  ........cessesecseeee ~- a c 
x A Cc 





COmbed PROG WCU onsen cicscnsssscacceness 

When appreciable amounts of unburnt oxygen remained in the explosion products, the 
percentages of carbonic oxide and hydrogen were corrected accordingly, on the assumption that 
a volume of the initial mixture proportional to the unburnt oxygen took no part in the explosion. 


The corrections were, in any case, small. 







Results. 


Series 1 (Range of initial pressures: 300—50 mm.). The following table shows, for three 
different mixtures, the initial compositions, and the values of Kp obtained at a series of 






initial pressures. 





Composition, %. K, for initial pressure (mm.). 















Mixture. O,. co. Hg. Ng. 300. 200. 150. 100. 50. 
A 19°5 36°7 43°7 0-1 3°89 3°83 3°76 3°65 3°15 
B 25°1 24°9 49°9 0-1 4°16 4°10 —_— 3°89 — 
Cc 20°6 49°3 29°9 0-2 3°41 3°36 — 3°29 — 





These results made it clear that in every case K, decreased slightly but definitely as the initial 
explosion pressure was diminished from 300 to 100 mm., and indicated that the rate of decrease 
of K, became considerably greater at initial pressures lower than 100 mm. 

Series 2 (Initial pressures below 100 mm.). The experiments were continued at lower initial 
pressures in the larger explosion vessel. The compositions of the gaseous mixtures used were as 



















follows : 
Composition, %. Composition, %. 
Mixture. Oj. co. H,. N3. Mixture. OQ). co. H,. N,. 
D 20°0 40:0 40°0 0°0 G 9°8 50°8 39°4 0-0 
E 24:3 25°5 50°1 0-1 H 14°5 73°9 11°5 0-1 
F 23°3 51°9 24°8 0:0 K 18°7 41°7 39°6 0-0 





Explosions were carried out with each of these mixtures at initial pressures down to the lowest 
at which ignition could be effected. The following analytical results for the series of explosions 
with mixture K will suffice to indicate the progressive alteration which occurred in the com- 
position of the explosion products. Tests were frequently applied for methane and other 


hydrocarbons, always with negative results. 







Initial explosion pressure (mm.). 

























Composition of cooled products. 50. 34. 20. 16. 13. 
Cn ccccccscsesccccncesesesccosesessescones 2671 26-0 26°9 27°4 27°8 
GD nccnccccsnstenssvecsenserocesecescessss 47°9 46°8 45°2 43°8 43-0 
Bg cevccescncescsesscccnssenossesctsecesonses 25°8 26°8 27°7 28-2 28°8 

ag cccccccsccccccccccvecccecsoscesesenscscoss 0-1 0-2 0-2 0°3 0-4 






2°22 2°06 











ci aeiinaaeiieds pesennshneabessiseaanees 3°17 2°83 2°45 
It is unnecessary to give similarly detailed figures for all the mixtures examined, The 
experimental results are summarised in Fig. 2. 
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Series 3 (Argon-diluted mixtures). Finally, mixture K was divided into three equal parts 
and diluted with 45, 28, and 10% of argon respectively. The compositions of the three mixtures 


thus prepared were as follows : 
Composition, %. 





Mixture. . co. Hg. 
1 c 22:7 21°5 
2 ; 30°0 28°5 
3 , 37°4 35°5 
The values of K, given by these mixtures are plotted in Fig. 2. 


Fic. 2. 





E 


















































40 60 
Initial explosion pressure, (mm.). 


Pressure Changes during Explosion.—In order to gain further insight into the mechanism of 
the explosive reaction, pressure—time records of several explosions were taken. For this purpose 
mixtures were exploded in an electrically heated, 750-c.c. cylindrical glass vessel, on a short side- 
tube of which a 1/64” stainless-steel diaphragm was clamped. Motion of the diaphragm was 
communicated to the centre of a stiff strip of spring steel rigidly held at both ends and carrying 
a concave mirror. A condensed beam of light from a tungsten point lamp was reflected and 
focused by the mirror on to a strip of negative paper stretched round a rotating drum, the 
peripheral speed of which could be determined with accuracy. The explosions were somewhat 
violent and necessitated control of the diaphragm by a strong retaining spring, in order to 
eliminate natural oscillations of the moving parts. The consequent restriction of sensitiveness 
did not allow satisfactory records to be obtained at initial pressures much below 100 mm. 

A typical record of an explosion at an initial pressure of 100 mm. is shown in Fig. 3. The 
curve of corresponding temperatures is plotted in the same figure. Approximate corrections 
based upon the experiments of Bjerrum (Z. physikal. Chem., 1912, 79, 513) have been applied 
for cooling loss and dissociation. The characteristic feature of the explosion record is the 
exceedingly high rate of cooling, which is considerably greater than any recorded for explosions 
of similar mixtures at or above atmospheric pressure. It has been shown by Bone, Newitt, and 
Townend (‘‘ Gaseous Combustion at High Pressures,’’ 1929, p. 296) that, in explosions of hydro- 
carbon-oxygen mixtures initially at or above atmospheric pressure, the value of the water-gas 
equilibrium constant, K,, calculated from the composition of the cooled products may be taken 
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as a measure of the rate of cooling of the gaseous medium from its maximum temperature. 
With increasing pressure and consequently decreasing rate of cooling, the value of K, decreased, 
thus corresponding to a lower temperature at which the position of equilibrium ceased to change 
during cooling. In the present experiments K, decreased with decreasing initial pressure, and 
therefore, since there is no evidence for the assumption that the rate of cooling ceased to increase 
in explosions at initial pressures lower than 100 mm., it is clear that a similar explanation cannot 
apply to the present case. Any changes in K, resulting from changes in the rate of cooling must 
have tended to diminish the fall of Kp with decreasing pressure. Consideration of the displace- 
ments in the value of K, brought about by variations in the mixture composition or by dilution 
with argon shows that such displacements cannot be ascribed to the differences in rates of cooling 
of mixtures containing different proportions of hydrogen (compare the results for mixtures 


G, K, and H). 
Fic. 3. 
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Moreover, there is no reason to suppose that the values of K, calculated from the composition 
of the cooled explosion products represent other than equilibrium conditions. The maximum 
temperature attained in the explosions was considerably higher than 2000° C., and it has been 
shown by Haber (loc. cit.) that equilibrium is attained in the water-gas reaction taking place in 
flames at atmospheric pressures at temperatures above 1200°. It will be seen from Fig. 3 that 
in the present experiments the explosion temperature was higher than this for a period of 0-014 
sec. after the attainment of maximum pressure. In the light of these considerations, it may be 
assumed that the values of K, derived above correspond to states of equilibrium at pressures in 
each case rather less than the : maximum attained in the explosion, and at temperatures which 
probably did not vary greatly throughout the experiments. 

The Relation of K, and Pressure.—The data connecting K, and the initial explosion pressures, 
p, give straight-line graphs when substituted in the equation ‘log K, = alogp + B. Hence the 

K,-p curves are of the form K, = ®p* where log 8 = B and « and 8 are constants for a series of 
experiments with a mixture of given composition. 

There is no means of determining the relation between the initial pressures, p, of the explosion 
and the corresponding pressures, P, at which the position of equilibrium ceased to change with 
falling temperature. If the reasonable assumption be made, however, that the two pressures 
were proportional throughout each series of experiments, then, substituting P/k for p, we have 
Ky = bP, where b = B/h*. 

The values of the parameters for the various mixtures are tabulated in the following : 














Partial Explosion products. 
: pressure pei ~ -_ 

Mixture. of H,O,°%%. H,/CO. H,O/H,. a. B. B. b. 
D 30°5 0°60 1-50 0-339 —0°066 0°859 0°528 
E 50°3 1-0 3°15 0°264 +0-080 1-202 0°834 
F 24:3 0°30 3°05 0°264 —0:078 0°836 0°575 
G 14-0 0°65 0- 40 0-390 —0°198 0°634 0°344 
H 7 0°10 25 0°325 —0°107 0°782 0-480 
K 5 0°347 —0:073 0°845 0-509 

5 0°302 —0°097 0-800 0°500 


4) 
a 


0°60 


fmt ed ed fed 
SO ar anor 
z= 


9° 
7 
~ 0-186 +0°118 1312 0-993 
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DISCUSSION. 


The law of mass action requires that the position of equilibrium in the reaction CO, + 
H, == CO + H,O shall be independent of pressure, and that the value of Ky shall be 
constant for mixtures of the reactants in different proportions. It has been shown in the 
foregoing, however, that neither of these criteria is satisfied when the reaction takes place 
at pressures lower than about 500 mm. It is therefore clear that the above equation is not 
an accurate representation of the chemical reactions which occur in the exchange of equili- 
brium. From other considerations it appears highly probable that the two reactions thus 
represented take place homogeneously with considerable difficulty, if at all. For instance, 
Haber (/oc. cit.) failed to attain equilibrium in flames at temperatures below 1200°, and the 
lowest value of Kp recorded by Bone, Newitt, and Townend (oP. cit., p. 284) corresponds to 
a minimum reaction temperature of 1100°. The following table, compiled from the 
investigations of Hinshelwood and his collaborators (Proc. Roy. Soc., 1928, 118, A, 170; 
1932, 138, A, 297), gives the approximate temperatures at which measurable rates of 
reaction are first attained in comparable conditions in a series of combustible gaseous 
mixtures heated in silica bulbs at pressures of several hundred mm. : 

2CO + O, (dry) 
2CO + O, (moist) 

In each case, wall reactions were responsible for a considerable part of the total rate. 
Hence, there is strong evidence for supposing that the homogeneous reaction CO + H,O —> 
CO, + H, occurs with even less ease than the notoriously insensitive dry oxidation of 
carbonic oxide. Moreover, since the water-gas equilibrium constant is of the order of unity, 
it follows that the reverse reaction CO, + H, —»> CO + H,O must occur with approxim- 
ately equal difficulty. 

Evidence from several quarters indicates that a not improbable mechanism for the 
oxidation of both carbonic oxide and hydrogen in flames involves the operation of OH 
radicals (Bonhoeffer and Haber, Z. physikal. Chem., 1928, 137, A, 263; Finchand Patrick, 
Proc. Roy. Soc., 1930, 129, A, 768; Finch and Mahler, ibid., 1931, 132, A, 178). The 
presence of OH radicals in steam and in mixtures of steam with oxygen and hydrogen at 
temperatures above 1250° has been established by Bonhoeffer and Harteck (Z. phystkal. 
Chem., 1928, 139, A, 75), and in flames of hydrogen, moist carbonic oxide, and water-gas by 
Weston (Proc. Roy. Soc., 1925, 109, A, 177, 523). 

In the present case, maintenance of equilibrium may be considered to involve the two 
opposing oxidations and reductions CO + OH == CO, + Hand H, + OH == H,O +H. 
After the initial processes of oxidation in the flame are completed, the supply of OH must 
be chiefly maintained by the dissociation of water: H,O == H-+ OH (where == 
indicates a process requiring the intervention of a third body). The reactions H,O == 
H, + O and CO, == CO + O do not appear to be excluded : several considerations indi- 
cate, however, that the opposing oxidations of carbonic oxide and hydrogen by atomic oxygen 
are likely to be negligible by comparison with other processes occurring in the flame. 

It is clear that no completely reversible reaction mechanism such as the following : 


CO + OH == CO, + H; H, + OH = H,O + H; 2H,O = 20H + 2H 


is thermodynamically capable of explaining isothermal change of Kp with pressure, although 
the equilibrium constant of the last equation is not independent of pressure. At least one 
of these reactions must be, in some sense, irreversible. 

From a statistical point of view the equilibrium constant may be regarded as repre- 
senting the ratio of two reaction velocity constants : 


Kp = v'(CO, + H, —>)/v"’(CO + H, —>) 


There are grounds for supposing that these two reaction velocities are differently affected by 
pressure change (compare Finch and Mahler; Finch and Patrick, Jocc. cit.) and that changes 
in Kp are governed by the corresponding relative changes in the rates of the two opposed 
reactions CO + OH == CO,+H in a manner which may be expressed by writing 
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Kp = [m + f'(H)]/[m + f’(OH)], where m and are constants and /’, f” are unknown 
functions. 

We may now attempt to correlate the experimental results with the suggested 
mechanism outlined above. 

(1) The variation of Kp with pressure was expressed by Kp = 0P*. Decrease of 
pressure, which favours the oxidation of carbon monoxide at the expense of hydrogen, must 
also favour dissociation of water. The concentrations of H and OH depend upon the 
equilibria H,O => H + OH and H, == 2H, and both increase with decreasing pressure 
(compare Bonhoeffer and Reichardt, Z. physikal. Chem., 1928, 139, A, 75). Hence it must 
be concluded that the variation of Ky with pressure is chiefly governed by changes in the 
OH concentration. The accelerating effect of diminished pressure upon the oxidation 
of CO is strong evidence against the supposition that oxidation is effected by condensed 
oxygen carriers such as H,O, or HQ,. 

(2) Comparing undiluted mixtures of different compositions and excepting F and H, in 
which the ratio of carbon monoxide to hydrogen was unusually high : (i) the parameter 0 is 
proportional to the percentage partial pressure of water in the explosion products (see 
table, p. 1561). Since the relative partial pressure of OH must depend upon that of water, 
this fact further supports the view that the equilibrium is governed by the rate of the 
reaction CO + OH —> CO, +H. (ii) The parameters « and 0 are inversely proportional ; 
hence an opposing effect is brought into play when the relative partial pressure of water is 
increased. This may be due to atomic hydrogen either suppressing the dissociation of 
water or increasing the relative rate of the reverse reaction CO, + H—> CO + OH. 

(3) The proportionalities of 6 to the water-vapour partial pressure, and of « to 6 both 
break down for the series of experiments with the high CO/H, ratio mixtures F and H and 
for the argon-diluted mixtures. It is clear, therefore, that other than purely diluent effects 
must operate, possibly deactivation, primarily of excited CO,, and secondarily of excited _ 
CO molecules. 

To summarise, it has been shown that the observed variations in the position of the 
water-gas equilibrium at low pressures may be accounted for by supposing that oxidation 
and reduction of the reactants take place, not directly, but through the intermediary of 
OH radicals and atomic hydrogen, the equilibrium being chiefly determined by the rate of 
the reaction CO + OH —> CO, + H, which is itself governed by the concentration of 
the OH radicals produced by dissociation of water. The present investigation arose from 
the observation of Finch and Patrick previously cited that in cathodic combustion the 
preferential oxidation of carbon monoxide in CO—O,-H, mixtures increased with decreasing 
pressure. The view was expressed by those authors that “there is no fundamental 
difference between cathodic combustion and combustion in flames in general ”’ (loc. cit., 
p. 685) and the foregoing results confirm this opinion. 

It has been shown by Finch, Bradford, and Greenshields (Proc. Roy. Soc., in the press) 
that the value of Kp in the cathodic water-gas equilibrium falls as the gaseous 
pressure is diminished from 90 to 65 mm., and thereafter rises. The pressure at which 
equilibrium was established in the majority of the present experiments was probably from 
six to eight times the initial pressure, and it was not therefore found possible to reproduce 
the conditions in which the cathodic equilibrium constant passed through a minimum value. 
Variation of initial composition had no effect on the cathodic equilibrium : the divergence 
between this result and the variation which was found to occur in the explosive combustion 
is attributable to differing degrees or rates of activation in the two cases. 


IMPERIAL COLLEGE, LONDON, S.W. 7. [Received, October 14th, 1933.] 
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370. Optical Rotatory Dispersion in the Carbohydrate Group. Part II, 
Ascorbic Acid.* 


By R. W. HERBERT, E. L. Hirst, and C. E. Woop. 


It became evident when the structure (I) was definitely allocated to ascorbic acid (Herbert, 
Hirst, Percival, Reynolds, and Smith, this vol., p. 1270) that the optical rotatory dis- 
persion displayed by this substance would be of special interest in connection with recent 
views on the origin of optical activity. It was obvious also that an examination of the 
dispersion was desirable in view of the unusual relationship between the rotatory power 
of the acid ([«]p + 23°) and that of the sodium salt ([«]) + 102° in neutral solution; 
much greater in alkaline solutions). We have accordingly examined solutions of ascorbic 
acid and of its sodium salt in water, and in addition we have investigated the dispersion 
in non-ionising solvents in the hope that some correlation might be found between the 
character of the dispersion and the marked difference in chemical reactivity exhibited by 
ascorbic acid in water and in non-aqueous solvents. 

Dilute solutions of ascorbic acid in water and in methyl alcohol are characterised by 
intense absorption bands at 4 260—265 my. The absorption does not follow Beer’s 
law, and it was doubtful, therefore, whether the much stronger solutions used for polari- 
metric work would show absorption bands at this wave-length, and until this point was 
settled any correlation between the observed absorption bands and those calculated from 
O the rotational datamight well be fallacious. We accordingly 

OH / undertook measurements of the absorption shown by very 
CH,(OH)-¢ K co thin layers of concentrated solutions and found that under 
— these conditions the head of the absorption band moved to 
(L.) ah H 4 240—245 my. It was already known that the band in 
acidified aqueous or methyl-alcoholic solutions of ascorbic 
acid was at 4 245 my and we have now found that it occurs at the same wave- 
length for acidified concentrated solutions. In dioxan also (c, 3-5) it is found at 4 245 mu. 
Dilute or concentrated solutions of the sodium salt of ascorbic acid have the band at 
A 265 my. It is of interest that, to a first approximation, the molecular extinction 
coefficients of the dilute and concentrated solutions are of the same order of magnitude, 
and it follows that the marked deviations from Beer’s law which are encountered in 
aqueous and methyl-alcoholic solutions of ascorbic acid are at any rate partly attributable 
to movement of the position of the band as the concentration of the solution is altered. 

If the observed absorption bands contribute actively to the optical rotatory power of 
solutions of ascorbic acid, it is to be expected that the equation expressing the rotatory 
dispersion in regions of transparency would contain a term of the type &,/(a® — 2,2), in 
which 2,” would have the value 0-06 approx. In addition, a term covering the con- 
tributions derived from bands in the Schumann region (a,2, approx. 0-02) is likely to be 


* We had intended to discuss the dispersion of ascorbic acid and of its derivatives in the light of 
results we have obtained with derivatives of the y- and §-lactones of monocarboxylic acids of the sugar 
group. In view, however, of Lowry and Pearman’s paper (published, this vol., p. 1444, while this was 
being printed) on the dispersion of ascorbic acid, we have decided to present the results obtained with 
the free acid now, and to discuss the rotation of derivatives in a later paper. 

(Added, December 4th.) Comparison of our results with those of Lowry and Pearman shows that our 
observations have been carried further into the ultra-violet region. The equation for the rotatory disper- 
sion of ascorbic acid developed by these authors does not fit our extended data. A point of special 
interest is that the dispersion of sodium ascorbate is apparently simple both in neutral solution (our 
observations) and in alkaline solution (Lowry and Pearman) but with the value of A,? greater for the 
alkaline solution. We find that, as the alkalinity of the solution increases, ),? becomes larger and the 
observed absorption band moves towards the red. Simultaneously the numerical value of the specific 
rotation increases (see this vol., p. 1279) and since all these changes depend on the pg of the solution and 
not primarily on the number of equivalents of alkali present, they are presumably related to the reversible 
formation of the disodium salt of ascorbic acid. 
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present, and the total rotation would be expressible by a two-term Drude equation of 


the type (1). 
a, = k,/(at — 2,3) + &/(*#—a,%) . . . . ~~ 

In certain circumstances it may happen that the partial rotations derived from the 
high-frequency bands may cancel one another, leaving only the contribution of the low- 
frequency term. One such case has recently been examined (Hudson, Wolfrom, and 
Lowry, this vol., p. 1179), and it will be seen below that the simple rotatory dispersion 
shown by aqueous solutions of the sodium salt of ascorbic acid conforms to this type. 

On the other hand, the rotatory dispersion of ascorbic acid in aqueous solution is 
highly anomalous, and analysis of the observations shows that the rotation may be 
accurately represented by equation (2), which contains a negative low-frequency term, 
corresponding to a band at A 2480, and a positive high-frequency term, the corresponding 


a, = 2°518/(22 — 0-0195) — 1-390/(a2 — 0-063) . . . . (2) 


band being at 4 1400. The wave-length of the low-frequency band is in good agreement 
with the observed value (A 2450) and it seems reasonable to suppose that the low-frequency 
term in (2) is definitely associated with the observed absorption band. 

In view of this result it was surprising to find that the dispersions shown by ascorbic 
acid in methyl alcohol and in dioxan were apparently simple in character, and could be 
represented by positive single-term equations with 9? 0-012 and 0-025 respectively. If 
the dispersion is genuinely simple in these solvents, it follows that the rotational activity 
of the band at 42450 is completely suppressed in the non-ionising media. It is necessary to 
remember, however, that the observed simple character of the dispersions in these solvents 
may beapparent rather than real, in that a two-term Drude equation with suitable constants 
may simulate simplicity over a considerable range of the spectrum. In the present 
instances we have been able to analyse the rotational data for the methyl alcohol and the 
dioxan solutions, and have derived two-term equations containing high- and low-frequency 
terms of opposite sign, the latter being negative and containing a constant (A, = 0-06) 
which is almost identical with the corresponding constant in equation (2). These equa- 
tions which are analogous to (2) fit the data equally as well as the simple equation (see 
Experimentai), and from this point of view it is not possible to choose between the single 
and the two-term equations. The value of 4,? in the high-frequency term corresponds 
with a band at 4 2000, and it might be objected that the observed absorption of ascorbic 
acid gives little indication of a band in this region. This objection, however, is not 
necessarily valid, inasmuch as we have found several instances amongst lactones of the 
hexonic acids in which the rotatory dispersion is anomalous and the rotation contains a 
low-frequency term corresponding to a band at 4 2600 which, if present at all, is so weak 
as to be incapable of detection by the usual experimental procedure. The real character 
of the dispersion in methyl alcohol and in dioxan is therefore not yet decided. Further 
experiments are in progress in this connection and the results will be discussed when the 
details of the work on the acid lactones are communicated. 

Further important problems are raised by the character of the dispersion shown by 
the sodium salt of ascorbic acid in aqueous solution. Here the dispersion is simple and 
may be represented by equation (3), in which 9? corresponds with a band at A 2450. 


a, = 1-916/02-—0-060) . . .... (3) 


The observed band is situated at 2 2650. The difference of 200 A. between the observed 
and the calculated position of the band is not unusual and is probably accounted for by 
the incomplete cancelling out of the partial rotations of the bands of higher frequency. 
The point of particular interest is, however, the fact that the low-frequency term which 
controls the rotation of the sodium salt is positive in sign, whereas the term of precisely 
similar frequency exhibited by ascorbic acid in water is negative. In the latter case the 
observed rotation is almost entirely that of un-ionised ascorbic acid, but with the salt 
the rotation is that of the ion of ascorbic acid. Whilst it is possible that we have to deal 
here with an altogether exceptional case in which the charge on the ion reverses the sign 
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of the circular dichroism without altering the intensity of the observed absorption band, 
we feel that the alteration in the nature of the dispersion is of such a profound character 
as to warrant the consideration of intramolecular change during ionisation as a possible 
explanation. It is well known that the ascorbic acid molecule can be formulated in a 
variety of tautomeric modifications, and the situation here may be analogous to that 
encountered amongst certain indicators in which the salts and the un-ionised molecules 
are structurally different. 

If isomerisation of this kind occurs with ascorbic acid, it must be instantaneously 
reversible, since after the examination of the sodium salt we acidified the solution and 
immediately re-examined the dispersion ; the measurements then obtained were expressible 
exactly by equation (2) (multiplied by a factor to allow for the different concentration), 
and it follows that the dispersion of ascorbic acid in the presence of an excess of hydrogen 
ion is identical with that shown by concentrated solutions of the acid itself. 


EXPERIMENTAL. 


The /-ascorbic acid used in these experiments was a sample prepared from paprica by Prof. 
Szent-Gyérgyi of the University of Szeged. It was specially purified for the polarimetric 
work by successive crystallisations from a mixture of acetone, methyl alcohol, and light 
petroleum, m. p. 190° (decomp.). Its absorption spectra in dilute (c, 0-002) aqueous (acidic 
and alkaline) and in methyl-alcoholic solution were identical with those previously recorded 
(loc. cit.). For more concentrated solutions the following new observations were recorded. 
In aqueous solution (c, 1-0; /, 0-02 mm.) the head of the band was at A 240—245 my; in 
acidified aqueous solution (c, 1-0) it was at 4 240—245 my. Neutral solutions of the sodium 
salt (c, 1-0) had a band at 4 265 my and methyl-alcoholic solutions of ascorbic acid (c, 1-0) a 
band at 4 245 my. The absorptions were measured with a Hilger Spekker photometer using 
specially constructed quartz cells of length approx. 0-02 mm. The polarimetric observations 
were made by the methods detailed in Part I (J., 1932, 2112). 


1-Ascorbic Acid in Water [equation (2)]. 
c = 2°0967 g.in lic.c.; J= 1dm.; ¢= 20°; [a®*], = 7°16a). 


A. Gobs- Acale Diff. A. Gedo Gealee Diff. A. Gobs- Gcaice Diff. 
6708 -++2:27° +2°26° +0-01° 4400 +3-82° +3-82° +0° 3815 +3-15° +3-15° 40° 
6294 2:55 252 4003 4300 380 382 —002 3780 295 301 —0-06 
6104 2°65 2°64 +0-°01 4135 y 3°75 +0 3720 2°75 2°74 +001 
5893 2°79 2°79 +0 4065 ‘ 3°68 +0°02 3600 1°95 2°00 —0°05 
5805 2°85 2°86 —0°01 4012 . 3°61 —0°03 3445 +0°45 0°43 +0°02 
5515 3°10 3°08 +0°02 3966 ‘ 3°53 +0°02 3415 0:00 0:00 +0 
5225 3°35 3°31 +0°04 3945 . 3°49 +0°01 3353 —1:05 —1:02 —0°03 
4887 3°58 3°58 +0 3935 , 3°47 —0°02 3310 —1:80 —1-°89 +0:09 
4755 3°70 3°66 +0°04 3892 : 3°37 —0°02 3280 —2°55 —2-°59 +0°04 
4500 3:80 3°80 +0 3840 ‘ 3°22 +0°03 


In aqueous solution the rotatory dispersion was anomalous. The calculated maximum value 
of the rotation was 3-82° at 4 4345 (obs., 3-82° at 2 4300—4400). The point of inflexion occurred 
at A 5400 (calc., A 5400) and the crossing of the axis was at A 3415 (calc., 4 3415). The value 
of [«]#° for c = 13-97 (+ 20-0°) was very little removed from that (+ 23°) previously reported 
for much lower concentrations (c = 1-0—3-0). 

Sodium Salt of 1-Ascorbic Acid in Watery.—0-8717 G. of ascorbic acid was dissolved in a 
little oxygen-free distilled water. After addition of the calculated volume of N-sodium hydr- 
oxide, the volume was made up to 15 c.c. with distilled water. The concentration of sodium 
salt was therefore 6-54. 


i= 1; [a] =_15-28 ay; a, = 1-916/(A* — 0-060); [a]3" +102°. 


@csie Diff. A. Qobs- Acale: Diff. A. Qobs- Qcale Diff. 
491° +0°01° 5225 + 9:02° 9:00° +0°02° 4390 +14-45° 14-44° +0°01° 
5°70 +0°02 4887 10°71 10°73 —0°02 4286 15°45 15°49 —0-04 
613 +001 4770 11°45 1144 +001 4160 16°95 16°95 +0 
667 +0 4625 12°45 12°45 +0 4045 18°45 1845 +0 
692 +001 4500 13°45 13°45 +0 3990 19°20 1921 —0-01 
785 +0°02 
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Within this range of wave-lengths the dispersion is simple, the corresponding value of Ag 
being A 2450. ‘ 

The above solution was acidified by addition of an excess of sulphuric acid and the dis- 
persion measured again. The solution now had greater transparency and resembled the 
aqueous solution of ascorbic acid described above. Polarimetric measurements from ) 6708 
to 4 3440 were made, and it was found that the results could be accurately expressed by the 
formula «, = 0-3la,’, where a," is the value for the rotation of ascorbic acid in water given 
in the preceding section. 


1-Ascorbic Acid in Methyl Alcohol. 

c = 59304; t= 20°; J= 1dm.; [a] = 450°8°; [a]®* = 16-85a. 
ay = 1-012/(A® — 0-012) (A); a, = 1°796/(A2 — 0°04) — 0°816/(A* — 0-06) (B). 
Geale. Acale. Qeaic. Geale. 
dA. aus. «= (A). ~S——«Cé@DSLABj.—«=S—s (BY). SsCé@Sé-. i: =.= & me. & 
6708 -+2°32° 2°31° +0°01° 2°29° -+0-°03° 4529 +5°25° 524° +0°01° 5°25° 
6294 2°63 264 —O0Ol 2°62 +0-°01 4447 5°45 545 1+0 5°46 
6104 2°79 3°81 —0°02 2:30 —0O-0l 4367 ; 566 —001 5°68 
5893 ; 3°02 +0 3°00 +0°02 4307 , 5°83 +0°02 5°85 
5805 , P +001 3:10 +0°03 4227 , 6°07 —0°02 6:08 
5515 , . +002 345 -+0°03 4172 P 624 +001 6:24 
5225 ‘ , +001 3°88 +001 4107 P 646 —OO0l 6°45 
4895 , , +0 445 +0 4049 ‘ 666 —O0l 6°64 
4785 i , —0O0l1 468 —0°03 3969 , 6°95 +0 6°92 
4706 , . +0°02 485 +0 3900 é 7°22 —0°02 7:19 
4602 ’ ; —0°02 508 -—0-°03 3830 : 7°51 —0°06 7°46 


1-Ascorbic Acid in Dioxan. 
c = 3536; = 20°; 7= 1dm.; [a]%" = +54-3°; [a]®" = +28-3a). 
a, = 0°62/(A? — 0-025) (A). a, = 0°871/(A? — 0°04) — 0-265/(A? — 0°06) (B). 
Qvale. Geale. Gcale. . Aeale. ‘ 

A. Qobs. (A). Diff. (B). Diff. A. Qohs. (A). Diff. (B). Diff. 
6708 -+1°45° 1-46° —O-O1° 1°44° +0°01° 4652 +3°25° +3-24° +0°01° +3°:24° +0°01° 
6294 . 1:67 +0°01 4415 3°65 3°65 +0 3°66 —0°0l 
6104 ' 3 1°78 +0 4230 4°05 4°03 +0°02 405 +0 
5893 ’ ; 1:91 +0°01 4047 4°45 4°47 —0°02 448 —0°03 
5805 . 5 1:99 +0°01 3877 4°95 4°95 +0 4:96 —0-0l 
5515 , , " 2-21 +0-°02 3729 5°45 5°44 +0°01 5°43 +0°02 
§225 . ; ‘ 2°49 +0°02 3597 5°95 5°94 +001 595 +0 
4887 : a a 2°91 —0°01 3477 6°45 6°47 —0°02 6°42 +0°03 
4935 , ‘ 2°84 —0°01 3374 6°95 6°98 —0°03 6°87 +0°08 


Solutions of ascorbic acid in dioxan (c, 3-536) show an intense single absorption band with 
head at 4 2450 approx., the shape of the band being exactly similar to that of the correspond- 
ing band in methyl-alcoholic solution. 

The authors are indebted to Professor Szent-Gyérgyi for the supply of ascorbic acid. 


UNIVERSITY OF BIRMINGHAM, EDGBASTON; [Received, November 9th, 1933.] 





371. The Dipole Moments of Some Long-chain Molecules. 
By Joun W. SMITH. 


It has generally been assumed that the electrical dipoles of straight-chain molecules, such 
as those of fatty acids, are located almost entirely in the heads of the molecules, and that 
inductive effects do not extend along the chain beyond the first two or three carbon atoms. 
This view has been supported by the observation that, e.g., although the dipole moment 
of ethyl alcohol differs somewhat from that of methyl alcohol, it has very nearly the same 
value as that of propyl alcohol; and in general, the values of the dipole moments in any 
homologous series tend to become constant after the second member. 

The electric moments of a few homologous series of compounds are collected in Table I. 
The values given are approximately the mean of data obtained by different experimenters, 
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except that, in the same series, preference is given to results from the same source, in order 
to render the values more closely comparable. 


TABLE I. 


Dipole Moments (x 1018) of Homologous Series of Straight-chain Aliphatic Compounds. 
Cl. Br. > OH. NH,. CHO. 
‘79 “38 1°85 15 —_ 
. . 1-68 
83 . 1-70 
. . 1°66 
“97 ‘ 1°65 


3 2°7 


1: 

1: — 
1- 2°46 
1: — 
1: — 
— — 16 2°56 

1°84 1°84 1-71 — 

The measurements which have been recorded are generally confined, however, to the 
first four or five members of a series, and no actual measurements appear to have been 
made of the electric moments of any long-chain molecules, apart from those of Mahanti 
and Das Gupta (Indian J. Physics, 1929, 3, 467), who found that the value 1-6—1-7 x 107% 
remained fairly constant for primary alcohols up to u-dodecy] alcohol. 

In view of the possible experimental errors in dipole moment measurements, and 
especially as many of the earlier determinations in this field were rather inaccurate, investig- 
ations with higher members of one or two other series appeared to be desirable in order to 
make certain that the moment really remains constant, and that it does not change slowly 
but progressively with the length of the chain; to this end, those of myristic acid, palmitic 
acid, and methyl myristate have now been determined. 

The long-chain fatty acids are of particular interest in view of the discordant results 
which have been obtained for the dipole moments of the lower members of the series, 
doubtless owing to their tendencies to associate in some solvents, solvate in some, and to 
ionise in others. This point will be discussed later (p. 1569). 


EXPERIMENTAL. 


Maiterials.— The purest obtainable benzene was dried over sodium wire, recrystallised twice, 
dried again, fractionally distilled from phosphoric oxide, and then treated with successive 
quantities of sodium wire until the latter retained completely its metallic lustre. It was quite 
free from thiophen. 

Palmitic and myristic acids and methyl myristate were presented to the author in the 
pure state, and were used as received. 

Measurement of the Electrical Dipole Moments.—The dielectric constants of dilute solutions 
of the compounds in benzene were measured by the method already described by the author 
(Proc. Roy. Soc., 1932, A, 136, 251). The measurements were made in each case at 25-0° + 0°19, 
and the densities of the same solutions were measured at the same temperature with an accurate 
form of pyknometer. The molecular polarisations of the solutes were calculated from these 
results by application of the well-known modification of the Clausius—Mosotti equation. 

The electronic polarisations are assumed to be identical with the molecular refractivities 
as calculated from the sum of the group refractions (Smyth, “‘ Dielectric Constant and Molecular 
Structure,’”’ New York, 1931, p. 151); calculation from the refractive indices of the solutions 
was not desirable, because these differed only very slightly from the value for pure benzene. 

The concentration range over which the measurements could be carried out was limited 
by the relatively sparing solubility of the compounds, especially palmitic acid, in benzene. 

The experimental results are in Table II, where the symbols have their usual significance. 
The value 2-2725 for the dielectric constant of benzene at 25° is taken as standard. 

Palmitic acid: Py. = 99-2; Px, (calc.) = 76-4; hence P, + Po = 22-8 c.c. 

Myristic acid: Py. = 89-0; Px, (calc.) = 67-2; hence Py + Po = 21°8 c.c. 

Methyl myristate: Py. = 135-1; Px (calc.) = 71-9; hence P, + Po = 63-2 c.c. 

If we were able to ignore the atomic polarisation, these figures would lead directly to values 
of 1-05, 1-02, and 1-74 x 10-8 e.s.u. respectively for the dipole moments. However, owing 
to the fact that in each case P, + Po is relatively small compared with Px, it is most probable 
that the contribution of P, to this figure is not inconsiderable. Consequently neglect of P, 
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TABLE II. 


ti. Myf, + Mzfz. €. p- Pf, + Poft- Pify. Pi fy. 
78 2°2725 0°8738 26°585 26°585 
Palmitic acid. 


0°002012 78°358 2°274 0°8738 26°731 26°532 
0°005052 78°899 2-276 0°8737 26°951 26°451 


Myristic acid. 
0:009024 79°354 2-278 0°8736 27-136 26°345 0°791 
0:01837 80°756 2-282 0°8733 27°685 26°097 1-588 
Methyl myristate. 


0°01037 79°701 2°308 0°8733 27-710 26-309 1-401 135°1 
0°02332 81-824 2°350 0°8726 29°101 25°965 3°136 134°5 
0°04913 86-057 2°429 0°8713 31-867 25°279 6°588 134°1 


0 


would introduce a considerable error; and it is better to assume, with Wolf (Physikal. Z., 1930, 
31, 227), that the atomic polarisation is about 15% of the electronic polarisation. Then we 
have for palmitic acid: Pp = 11-2 c.c., p= 0-72 x 10% e.s.u.; myristic acid: Po = 11-7 
c.c., 2 = 0-76 x 107% e.s.u.; methyl myristate: Po = 53-5 c.c., pw = 1-61 x 10° e.s.u. 


DISCUSSION OF RESULTS. 


In Table III the result obtained for methyl myristate is compared with measurements 
reported for other esters of the fatty acids. Since, with the exception of one series of 
results, very few data are recorded for the dipole moments of methyl esters, the values 
obtained for some ethyl esters are also added, together with those for methyl and ethyl 


benzoates. 
TABLE III. 


Dipole Moments of Esters (x 10%). 


Methyl acetate 1-671; 1°75%; 1°748 Ethyl propionate 1812; 1:74¢ 
Methyl propionate 1-696 Ethyl butyrate 1746 
Methyl butyrate : (Methyl benzoate : 

Methyl valerate ’ (Ethyl benzoate 

Ethyl formate ; Methyl myristate 

Ethyl acetate : ; 1°813,4,6; 1°862 


1 Krchma and Williams, J]. Amer. Chem. Soc., 1927, 49, 2408; ? Smyth and Walls, ibid., 1931, 53, 
527; 3 Miller and Sack, Physikal. Z., 1930, 81, 815; # Smyth and Dornte, J. Amer. Chem. Soc., 1931, 
58, 2005; 5 Estermann, Z. physikal. Chem., 1928, B, 1, 422; ® Wolf and Gross, ibid., 1931, B, 14, 305. 


From these data it is apparent that the electric moment of methyl myristate falls well 
into line with the values obtained by Wolf and Gross for the lower methy]l esters, the same 
approximation being used with respect to the atomic polarisation. Even if this polaris- 
ation be neglected, the value obtained does not diverge very appreciably from these figures. 
The most probable value, however, is a little lower than that for methyl acetate and con- 
siderably below that for methyl benzoate. This tends to confirm the usual assumption 
that the length of the carbon chain has scarcely any influence on the dipole moment of a 
molecule beyond the first two or three members, and that the electric doublet is located 
almost completely in the head of the molecule. 

Analysis of the results for the long-chain acids is not such a simple matter, however. 
The results deduced for the dipole moments of the lower fatty acids by various authors 
are very discordant, principally owing to differences in interpretation of the association 
effects in different solvents. There have been four main series of results on these compounds, 
and these are summarised in cols. 1—4 of Table IV. They are as follows : 

(1) Wolf’s measurements (Physikal. Z., 1930, 31, 227) for benzene solutions, the dipole 
moments being calculated for the monomeric compounds, the association of the fatty 
acid molecules in this solvent being ignored, and the atomic polarisation assumed to be 
15% of the electronic polarisation. Hence his values are really r.m.s. values for all 
individual acetic acid, etc., molecules present in solution irrespective of their states of 
association. 
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(2) Smyth and Rogers’s values (J. Amer. Chem. Soc., 1930, 52, 1824), calculated for 
the monomeric forms from results obtained with ethereal solutions. Their deductions are 
based on the assumption that the dipole moments of the dimeric forms (encountered in 
benzene solutions) are almost zero, the difference between the total polarisation and the 
molecular refraction in benzene solution being attributed to atomic polarisation. 


TABLE IV. 


Dipole Moments of Fatty Acids (x 108). 


3. 4. Acid. 
*45 n-Butyric 

04 isoValeric 
“88 


1°51 1 
1°73 1 
1:74 0 


(3) Zahn’s measurements (Physical Rev., 1931, 37, 1516) for the monomeric forms of 
the acids, from the dielectric constants of the gases at high temperatures and low pressures, 
conditions such that only the single molecules can exist. Zahn also calculated a value 
of 0-99 for the double molecule of formic acid. 

(4) Brieglieb’s figures (Z. physikal. Chem., 1930, B, 10, 205), calculated for the dimeric 
forms. His results, obtained with benzene solutions, show wide experimental discrepancies 
from those of Smyth and Rogers, and his interpretation of the results is totally different. 
However, these figures may be taken as definite upper limits to the dipole moments of the 
dimeric forms. 

Comparing these data with the values for palmitic acid and myristic acid calculated 
above, it is evident that the latter lie appreciably above the values calculated in a similar 
manner by Wolf for propionic, n-butyric, and isovaleric acids, and are closer to the figure 
obtained by him for acetic acid. In view of the result obtained with methyl myristate, 
however, it would be anticipated that these acids, in the same state of association, would 
possess dipole moments sensibly equal to those of butyric and valeric acids. The present 
results, therefore, confirm the general conception that the degree of association of fatty 
acids in benzene solution decreases with increase in the molecular weight of the acid. On 
the other hand, the figures lie far below the values obtained by Zahn for the monomeric 
forms of acetic and propionic acids, the only reliable basic results in this field. Therefore 
it may be further concluded that there is still considerable association in benzene solution, 
even for these high members. The relationships between these results become even more 
pronounced if, as suggested by Smyth and Rogers, the atomic polarisation exceeds 15% 
of the electron polarisation. This would reduce Wolf’s values still lower, whereas, since 
most of the atomic polarisation is probably located in the chemically polar carboxyl group, 
the 15% deduced is probably ample for the higher acids. 


SUMMARY. 


From measurements of the dielectric constants and densities of dilute solutions of 
palmitic acid, myristic acid, and methyl myristate in benzene, and assuming that the 
atomic polarisation of these molecules is approximately 15% of the electronic polarisation, 
their electrical dipole moments (x 1018) have been evaluated as 0-72, 0-76, and 1-61, 
respectively. These results are discussed with reference to the variation of the electric 
moment of a molecule with the length of the carbon chain, and also with reference to the 
association of fatty-acid molecules in benzene solution. 


My thanks are due to Dr. N. K. Adam for his gift of the pure compounds, and to Professor 
I. G. Donnan for his interest in these investigations. 


THE SrR WILLIAM RAMSAY LABORATORIES OF INORGANIC AND PHYSICAL CHEMISTRY, 
UNIVERSITY COLLEGE, LONDON. [Received, August 21st, 1933.] 








¢;.> 











Influence of Poles and Polar Linkings, etc. Part XXI. 1571 


372. Influence of Poles and Polar Linkings on the Course pursued by 
Elimination Reactions. Part XXI. Dynamics of the Elimination 
of the tert.-Butyl Group from Sulphonium Compounds. 


By E. D. HuGues and C. K. INGOLD. 


In Part XVI (this vol., p. 526) the known facts concerning the reaction (B), which is 
exemplified by the formation of alcohols from quaternary ammonium hydroxides 


{R-NR’R’R'}X —> RX +NR'R’R” . 2... B) 


were interpreted by the assumption of two complementary mechanisms. In the first of 
these, designated (Bl), two stages were distinguished: it was assumed that the cation 
suffers fission without the intervention of the anion, which only subsequently combines 
with the ejected radical : 


(x ® 

R—NR’R”R’” ; R + weal : ; : ; (B1) 
e® °9 
R + X—> RX 

The equations represent a reaction which is of the first order with respect to the cation, 

of zero order with respect to the anion, and therefore of first order with respect to the 

ammonium compound. In the second mechanism, designated (B2), the intervention of 


the anion was assumed to be necessary for the disruption of the cation, the process taking 
place in a single stage as follows : 


ef\ Lo 
{R’R”R’’N—R}X —> R’R’”R”""N+ RX. . . . . (B2) 


This mechanism requires that the reaction should be of the first order with respect to 
each ion, and therefore bimolecular with respect to the ammonium compound. Which 
of these two mechanisms operates in a given case was assumed to depend jointly on the 
cationic stability of the ejected radical and on the nucleophilic activity of the anion. 

Amongst the facts concerning reaction (B) which were discussed on this basis was the 
circumstance that methyl and ¢ert.-butyl alcohols are readily eliminated from quaternary 
ammonium hydroxides, whilst primary and secondary alcohols are not, the property of 
facile elimination in the form of alcohol evidently passing through a minimum in the 
series CH;, AIkCH,, Alk,CH, Alk,C. The interpretation suggested was that, from left 
to right in the series considered, the inductive effect (+ J) of the alkyl components pro- 
duces a progressive increase in electron density at the point of attachment of the whole 
group. As the electron density is lowest in the methyl group, this group has the smallest 
cationic stability and the greatest affinity for an attacking anion : it undergoes elimination 
by mechanism (B2). The first effect of introducing alkyl components in place of hydrogen, 
and thus increasing the electron density at the point of attachment of the whole group, 
is to suppress mechanism (B2); and the known facts show that even a single alkyl group 
is highly effective for this purpose. Mechanism (Bl), however, must be facilitated by 
alkyl substitution, so that the successive introduction of alkyl components must cause 
reactivity by this alternative mechanism to rise to an appreciable value at some stage 
during the substitution; and once this mechanism has taken control further alkyl sub- 
stitution must enhance reactivity. 

It will be evident that, in view of the distinctive dynamical requirements of mechanisms 
(Bl) and (B2), the explanation advanced in order to account for the minimum property 
of the alkyl series implies that, whilst the elimination of methyl alcohol should be a bi- 
molecular reaction, that of ¢ert.-butyl alcohol should exhibit unimolecular dynamics. At 
the time at which the interpretation was advanced there was evidence that the elimination 
of methyl alcohol from quaternary ammonium hydroxides was of the second order; but 
nothing was known concerning the dynamics of the other elimination. 
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The above argument refers explicitly to ammonium compounds, but is obviously 
applicable without modification to the decompositions of sulphonium compounds also. 
From a practical viewpoint, it is more convenient to employ the latter for the purpose 
of dynamical investigations, and, as some unpublished experiments carried out in association 
with Mr. J. L. Gleave had confirmed for the sulphonium series the bimolecular character 
of the elimination of methyl alcohol, it was decided to test the predicted unimolecular 
elimination of the ¢ert.-butyl group in reaction (B) by means of experiments on dimethy]l- 
tert.-butylsulphonium hydroxide and its salts. 

The sulphonium hydroxide was found to decompose in two directions, (A) and (B), 
reaction (B), the centre of interest at present, predominating in aqueous solutions : 


> (CH,),C:CH, +SMe,+H,O . . . (A) 


{(CH,),C*SMe,}"OH’ << 
a r ie GiOOl+tiin. . i. se 


There was no third simultaneous reaction. 

The first evidence concerning the dynamics of reaction (B) was obtained in a series of 
experiments in which the hydroxide, in various initial concentrations, was allowed to 
decompose completely at constant volume, and the proportion in which reaction had 
pursued the two alternative paths was determined by measurements of the quantities 
of olefin produced. The results are contained (Expts. 1—6) in Table I, the first five cols. 
of which are self-explanatory. Col. 6 records the bromine equivalent of the olefin formed, 
in c.c. of 0-1N-thiosulphate, and col. 7 indicates the theoretical yield of olefin in the same 
units. The figures in col. 8, 7.e., the percentage in which decomposition occurs according 
to the reaction yielding the olefin, are obtained from the data of cols. 6 and 7. 


TABLE I. 
Directions of Decomposition of Dimethyl-tert.-butylsulphonium Hydroxide and tts Salts. 


Expt. Initial Vol. of Olefin, Olefin, 100 A | 
No. Anion. concn. (M). Solvent. soln. (c.c.). found. max. A+B 
1 OH’ 0°966 H,O 10 72°05 193-2 37°3 

0-720 ps 10 44:20 144-0 30°7 
0°483 a 15 32°60 144°9 22°5 
0-362 bp 15 20°85 108°6 ; 
0-241 i 20 14°25 96°4 
0-120 on 40 9°10 96-0 
0-120 oi 40 20°65 96-0 
0-240 75% EtOH 20 80-00 96-0 
{ 0-450 H,O 10 7°90 90-0 
10 0-400 Pa 10 2°30 80-0 
11 - 0-400 80% EtOH 10 15°60 80-0 
12 ; 0°40 ca. EtOH 10 18°75 81-4 


* Sodium hydroxide equivalent to 0°170M added. 


— 
© 
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These results are inter-related in precisely the way which is required by the hypothesis 
that reaction (A) is bimolecular, whereas reaction (B) is unimolecular. If k, is the co- 
efficient of a unimolecular decomposition and k, that of a simultaneous bimolecular re- 
action of the same original substance, then, assuming that there is not a third reaction, 
it can be calculated * that the fraction f, of material undergoing change by the unimole- 


* If x and y are concentrations representing the progress of reaction by routes (A) and (B) respect- 

ively, the following differential equations may be set up: 
(dx /dt) = k,(a — x — y)*; (dy/dt) = kh, (a — * — y) 
These equations require to be solved simultaneously with elimination of the independent variable, ?. 
After the initial conditions, x = 0 and y = 0 when? = 0, have been used in order to evaluate the constant 
of integration, the result can be expressed in the form 
y = K log, [(K + a)(K +a—* —y)] 

This relation is true at a// times during the progress of the reaction, but, when ¢ = ¢,,, ¥ + y = a, and 
the equation then reduces to that given in the text. 
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cular route is given by /; = (2:3K/a) .log,9(1 + a/K), where K is written for k,/k,, and a 
stands for the initial concentration. Table II illustrates the application of this formula, 


K being given the value 0-70. 


TABLE II. 

Reaction Orders in Decomposition of Dimethyl-tert.-butylsulphonium Hydroxide. 
Expt. No. a. fy, (calc.). Ff, (found). Expt. No. a. fy (cale.). f, (found). 
1 0-966 0°628 0°627 4 0°362 0°805 0-808 
2 0°720 0°687 0-693 5 0°241 0°858 0°852 
3 0°483 0-760 0°775 6 0-120 0-922 0-905 











Table I contains some additional evidence which supports our view that reaction (A) 
is of the first order with respect to each ion, and therefore bimolecular as a whole,* whilst 
reaction (B) is unimolecular, depending on the cation only. A comparison of the results 
of Expts. 6 and 7 shows that extraneous hydroxide ions produce a relative increase in the 
rate of reaction (A). Expts. 9 and 10 relate to the decomposition of the sulphonium 
carbonate and iodide respectively, and a comparison of the proportions of olefin formed 
with those obtained for the hydroxide under comparable conditions of concentration 
(Expts. 3 and 4) shows that reaction (A) is suppressed relatively to reaction (B) when the 
strongly basic hydroxide ion is replaced by the less basic carbonate ion or the much less 
basic iodide ion. These relationships are evidently to be expected from our hypothesis 
concerning the dynamics of these reactions. The remaining experiments (Nos. 8, 11, 
and 12) are concerned with the effect of replacing water by ethyl alcohol as solvent, a matter 
to which further reference is made below. 

If the hypothesis be accepted by which the above results have been interpreted, it 
follows from Expts. 5 and 6 that the decomposition should pursue a unimolecular course 
to the extent of about 90% under conditions convenient for the direct observation of the 
kinetics of the change. We therefore traced the velocity-time relation experimentally, ° 
and, as the data in Table III show, the course of the decomposition can be represented by 
the unimolecular equation, k, = (2-3/t)log,{a/(a — x)}, to the degree of accuracy expected. 
It will be observed that the downward drift of the ‘“‘ constant ” is smaller in Expt. 14 than 
in Expt. 13; that is because in Expt. 14 the initial concentration is smaller, and therefore 
the proportion of reaction (A) is relatively less (compare Tables I and II). In Expt. 15 
the downward drift is hardly perceptible; the reason for that is that in this experiment 
extraneous sodium hydroxide was added, the effect of which is to buffer the hydroxide- 
ion concentration throughout the change, and thus to render the dynamics of the bimole- 
cular side reaction more closely similar to those of a unimolecular change. Actually, 
in all three cases the downward drift of the unimolecular constant is somewhat smaller 
than would have been anticipated from the amount of the accompanying bimolecular 
reaction calculated in accordance with the data given in Tables I and II; but this is because 
the reactions are subject to a correction for activity which, if applied, would tend to pro- 
duce a small upward drift in the constant. Apart from such minor variations, it is seen 
that the unimolecular constant adequately describes the results, and is independent of 
the initial concentration and of any extraneous hydroxide ions. Of the three experiments 
recorded in Table III, No. 14 must be least affected by the bimolecular side-reaction, and 
so the true value of the unimolecular constant may best be estimated by observing the 
limit to which the calculated constant tends in this experiment at great dilution. For 
the temperature employed, 100°, the velocity coefficient of reaction (B) may be taken 
as about 0-36 min.*. 

If the dynamics of reaction (B) have really no concern with the anion, it follows that 
not only the sulphonium hydroxide but also its salts should exhibit a unimolecular re- 
action, and, furthermore, that in aqueous solution at the same temperature the hydroxide 


* There is one previous observation of the bimolecular character of the olefinic decomposition of 
sulphonium hydroxides [veaction (A)]. Masson (J., 1886, 49, 233) showed that dithian methohydroxide, 
{S(CH,*CH,),SMe}"OH’, decomposed to give a neutral oil which Mansfeld (Ber., 1886, 19, 696, 2658) and 
V. Meyer (ibid., p. 3262) showed to be the dehydration product, MeS-CH,°CH,°S‘CH:CH,. Green and 
Sutherland (J., 1911, 99, 1174) proved that the reaction followed a bimolecular course. 
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TABLE III. 
Dynamics of Decomposition of Dimethyl-tert.-butylsulphonium Hydroxide in Water 
at 100°. 


Expt. 13 Expt. 14 Expt. 15 
(a = 0-207). (a = 0-117). (a = 0:0565; [NaOH] = 0°1175). 


’Y 











a—%. ky. #(mins.). @— ¥%. 
0°0965 0°385 0°5 0°0465 
0°0800 0°380 0°0385 
0°0665 0°376 0°0320 
0°0555 0°373 0°0260 
0°0450 0°382 0°0180 
0°0380 0°374 0°0130 
0°0270 0°366 0°0085 
0°0185 0°369 0-0055 
0°0125 0-372 

0-0090 0°366 


#(mins.). a@a— %. ky. t ( 
0°5 0°1695 0°399 
, 0°1410 0°384 
0°1155 0°389 
0°0965 0°381 
0°0805 0°378 
0°0670 0-376 
0-0450 0°381 
0°0315 0°376 
0°0225 0°369 
0°0150 0°375 
0°0105 0°372 


and all its salts should decompose at the same speed. We have therefore studied the 
dynamics of the decomposition of the sulphonium carbonate and iodide in aqueous solu- 
tion at 100°, and the results are in Table IV. Owing to the smaller amount of side re- 
action (A) accompanying these decompositions (see Table I) the unimolecular coefficients 
show a more accurate constancy than was observed in the experiments with the hydroxide. 
Their values are 0-33 min.-1 for the carbonate, and 0-34 min.“ for the iodide, which, in 
view of the neglect of activity corrections, are in satisfactory agreement with each other 
and with the value 0-36 min.“ obtained for the hydroxide. 
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TABLE IV. 


Dynamics of Decomposition of Dimethyl-tert.-butylsulphonium Salts in Water at 100°. 
(Expt. 16.) Carbonate (a = 0°342). (Expt. 17.) Iodide (a = 0°268). 





¢(mins.). a—wx. hk, ¢(mins.). a—x*. ky. t#(mins.). a— x. ky. ¢(mins.). a—-*. hy. 
1 0245 0°334 5 0:067 0°326 1 0-192 0°333 5 0°047 0°348 
2 07180 0321 6 0:045 0°338 2 07135 0°342 7 0024 0°344 
3 0°129 0°325 8 0°024 0°332 3 0095 0°345 9 0-012 0°345 
4 0°094 0°323 4 0°070 = 0°335 


The above results are considered to establish the truth of our prediction (loc. cit.) that, 
although the elimination of the methyl group by reaction (B) is bimolecular, the elimination 
of the ¢ert.-butyl group by the same reaction would be found to be unimolecular.* 

Reference may be made, in conclusion, to the remarkable effect of replacing water 
by ethyl alcohol in these decompositions. As the results in Table V show, one effect is 
to cause a great increase in the speed of both decompositions. This result is normal; 
for an electrovalent compound is giving rise to covalent compounds, and the reactions 
should therefore be favoured by a medium of low cohesion (Richardson and Soper, J., 
1929, 1873). The other main effect is to cause a selective facilitation of reaction (A). 
This is shown clearly by the results of Expts. 8, 11, and 12 in Table I, and by the strong 
downward drift of the unimolecular velocity coefficients in Table V. In the case of the 
decomposition of the hydroxide, it might be supposed that in alcoholic solutions ethoxide 
ions intervene to the assistance of reaction (A), but this explanation will not embrace the 
reaction of the iodide, and it therefore seems clear that a true solvent influence operates 
selectively on the simultaneous reactions. The direction of the selectivity also has a 


* Reference to the same paper (/oc. cit., p. 530) will make it clear that the same difference of dynamics 
was expected to apply to the production of primary alcohols and of ¢ert.-butyl alcohol in the alkaline 
hydrolysis of alkyl halides. It is known (Grant and Hinshelwood, this vol., p. 258) that the formation 
of primary alcohols in this reaction is bimolecular. Experiments by one of us (E. D. H.) have now 
shown that the formation of tert.-butyl alcohol by the hydrolysis of the chloride is a unimolecular process 
the results will be published in conjunction with other investigations now in progress on the hydrolysis 
and alcoholysis of alkyl halides. 
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natural explanation; for reaction (A), which involves an encounter between two oppositely 
charged ions, must inevitably be more sensitive to the cohesion (dipole moment, dielectric 
constant) of the solvent than reaction (B), which involves only a single ion together with 
the neutral solvent. 


TABLE V. 
Effect of Medium on Speed of Decomposition of Dimethyl-tert.-butylsulphonium Hydroxide 
at 100°. 
(Expt. 18.) 40% EtOH (Expt. 19.) 70% EtOH (Expt. 20.) 80% EtOH 
(a = 0°0460). (a = 01935). (a = 0°0485). 
t(mins.). a@—¥%. ky. t(mins.). a—~x%. ky. ¢(mins.). a@— ¥%. ky. 
0°5 0:0350 0-546 0°25 0:0785 3°60 0°25 0:0132 5:20 
10 0:0280 0°496 0°50 0°0375 3°28 0°50 0:0045 4°75 
15 0°0215 0°507 0°75 0:0230 2°84 0°75 0:0018 4:39 
2°0 0°0170 0°497 1:00 00140 2°62 
3°0 00100 0-508 1:25 0°0065 2°71 
1:50 0-0030 2°77 


(Expt. 21.) In 90% EtOH the value of a — »# fell to zero in 0°25 min. 


EXPERIMENTAL. 


Dimethyl-tert.-butylsulphonium Iodide.—tert.-Butyl iodide (1 mol.), prepared from {ert.- 
butyl alcohol and hydriodic acid (Norris, Amer. Chem. J., 1907, 38, 641), and freshly distilled 
under reduced pressure, was mixed with dimethyl sulphide (1 mol.) in nitromethane. The 
crystals which had separated after 3 days at room temperature were collected and shown to 
consist of pure dimethyl-tert.-butylsulphonium iodide (decomposes and disappears at 160°) (Found, 
after crystallisation from alcohol: C, 29-3; H, 6-2; I, 51-5; S, 13-1. C,H,,IS requires C, 
29-3; H, 6-1; I, 51-6; S, 13-0%). 

The salt subsequently deposited was contaminated with trimethylsulphonium iodide, and 
in the later stages of reaction this substance only was precipitated. It was identified by analysis — 
after crystallisation from dilute alcohol (Found: C, 17-6; H, 4-6; I, 62-4; S, 15:7. Calc.: 
C, 17-6; H, 4-4; I, 62-3; S, 15-7%). Dimethyl-tert.-butylsulphonium picrate, prepared from 
the iodide and sodium picrate, separated from alcohol in large needles, decomp. 132° (Found : 
C, 41-7; H, 5-0; N, 12-0; S, 9-3. C,,H,,0,N,S requires C, 41-5; H, 4:9; N, 12-1; S, 9-2%). 

Products of the Decomposition of Dimethyl-tert.-butylsulphonium Hydroxide——The hydroxide 
solution, prepared from the iodide by means of carbonate-free silver oxide, was standardised 
by titration in the cold with phenolphthalein as indicator, and was heated in a flask connected 
to a condenser, a receiver, and a succession of wash vessels, three containing saturated aqueous 
mercuric chloride and two containing bromine. Decomposition occurred rapidly below the 
b. p. of the solution, which was partly distilled, the receiver being kept above the b. p. of di- 
methyl sulphide. At the conclusion of the distillation, the products were swept through the 
apparatus by means of a current of air, and the distillate was shown to consist of aqueous /ert.- 
butyl alcohol by conversion into ¢ert.-butyl chloride by saturation with hydrogen chloride. 
The chloride, which separated as an oil, was washed with water and sodium hydrogen carbonate, 
dried with calcium chloride, and identified by its b. p., 51°, and by analysis (Found: C, 51:8; 
H, 9-7; Cl, 37-7. Cale.: C, 51-9; H, 9-7; Cl, 38-4%). Tests with mercuric chloride showed 
that the ¢ert.-butyl-alcoholic distillate contained no sulphides, which had passed completely 
into the mercuric chloride traps. Analysis of the unpurified precipitate obtained from these 
traps showed the sulphide to consist substantially wholly of dimethyl sulphide [Found: C, 
5-2; H, 1-3; Cl, 22-2; S,6-9. Calc. for 2(CH;),S,3HgCl,: C, 5-1; H, 1-3; Cl, 22-7; S, 6-8%], 
and the yield was 93% of that calculated on this basis. The contents of the bromine traps 
were decolorised with sulphur dioxide and the olefin bromide was extracted with light petroleum, 
washed, and distilled. The main fraction, b. p. 148—150°, was identified as isobutylene 
dibromide (Found: Br, 73-3. Calc.: Br, 74:1%), the small less volatile fraction containing a 
bromine substitution product of this. 

Proportion of Olefin formed by Decomposition of Dimethyl-tert.-butylsulphonium Hydroxide 
and its Salts. Effects of Concentration, of the Addition of a Common Anion, and of the Nature 
of the Anion and the Solvent.—Solutions of the sulphonium compounds of known concentration 
were heated at constant volume until decomposition was complete, and the volatile products 
were swept in a current of air through the train of wash-flasks previously described. The flasks 
which had previously contained bromine were in the present experiments charged with an 
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accurately measured volume of a standard solution of bromine in chloroform. The whole of 
the sulphide was found to be retained in the first two of the three mercuric chloride traps, and 
the quantity of bromine destroyed by the olefin was estimated iodometrically. The results 
are recorded in Table I. 

Dynamics of the Decomposition of Dimethyl-tert.-butylsulphonium Hydroxide, Carbonate, 
and Iodide in Aqueous Solution at 100°.—Several measured portions (5-00 c.c.) of standardised 
solutions of the hydroxide, carbonate, or iodide were separately enclosed in glass tubes, plunged 
into boiling water, shaken vigorously to facilitate the attainment of thermal! equilibrium and, 
after known time intervals, were withdrawn, quickly cooled, and titrated. In the case of the 
hydroxide the residual alkali was titrated with 0-05N-hydrochloric acid using phenolphthalein 
as indicator. In the experiments with the carbonate the solutions were titrated with 0-1N- 
hydrochloric acid in the presence of Sofnol No. 1 as indicator, the carbon dioxide being expelled 
with carbon dioxide-free air. The reaction of the iodide was followed by taking advantage 
of the circumstance that fert.-butyl iodide is decomposed by hot water, yielding the stoicheio- 
metric quantity of hydriodic acid, which was titrated with 0-1N-sodium hydroxide. For the 
purposes of calculation, the concentration of sulphonium compound present one minute after 
introduction into the boiling water-bath was taken as the initial concentration, and the 
corresponding time as the initial time. The results are in Tables III and IV. 

Effect of Replacing Water by Ethyl Alcohol as Solvent on the Speed of Decomposition of Di- 
methyl-tert.-butylsulphonium Hydroxide at 100°.—The method was the same as that described 
in the previous paragraph except that in the experiment with 40% aqueous alcohol the observ- 
ation made 0-5 min. after the introduction of the tube into the boiling water-bath, and that 
in the experiments with 70% and 80% alcohol the observations at 0-25 min. after the intro- 
duction of the tubes were treated as the initial observations. The results are in Table V. 


UNIVERSITY COLLEGE, LONDON. [Received, November 2nd, 1933.] 





373. The Kinetics of Certain Reactions of the Alkyl Halides in 
Hydroxylic Solvents. 


By E. A. MoELWyN-HUGHEs. 


On account of their simple structure, the alkyl halides are very suitable for the study 
of chemical reactivity, a measure of which is reflected by their relative velocity coefficients, 
and by the manner in which these coefficients vary with temperature. The present work 
records some observations on the interaction of ethyl iodide and the thiosulphate ion in 
water. Taken in conjunction with other comparable measurements, the results form the 
basis of a brief discussion of the mechanism whereby dissolved alkyl halides in general 
become activated. 


Preliminary Experiments on the Reaction between Ethyl Iodide and Sodium Thiosulphate.— 
Slator (J., 1904, 85, 1286) states that 1 equiv. of an alkyl halide reacts almost quantitatively 
with either 1 or 2 equivs. of thiosulphate (RX + S,O,’’—-> X’ + RS,O,’ or 2RX + S,0,”°—> 
2X’ + R,S,0,) and that the reaction follows the simple bimolecular law. The present work 
confirms neither of these statements. There exists a fractional stoicheiometric ratio between 
the experimental equivalents of the two reactants. Although there is no doubt that the re- 
action is truly bimolecular, the constants calculated in the usual way fall during any experi- 
ment, owing to a side reaction wherein some of the halide reacts with the solvent. 

In order to avoid loss by evaporation, sealed glass capsules containing a weighed amount 
of carefully fractionated, dry ethyl iodide were broken in a sealed vessel containing water ; 
10-c.c. samples of a 0-0176N-solution thus prepared were sealed in tubes containing excess of 
sodium thiosulphate. At the end of the reaction (1,000—5,000 minutes) titrations (T..) 
with 0-01N-iodine (Table I) showed that for every g.-equiv. of halide which had disappeared 
only 0-605 g.-equiv. of thiosulphate was consumed. A repetition using 0-2446 g. of ethyl iodide 
in a large volume of solution gave a ratio of 0-615. 

This fractional result is not due to establishment of an equilibrium or to reactions producing 
83% of the diethyl ester; it was traced to a side reaction between ethyl iodide and water, 
which was examined in some detail. 
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TABLE I, 
0°01N-Iodine, c.c. 
Temp. To. Tee Te _ Ze ° Temp. le y ye To _ ou Temp. le le: To _ To. 


25° 40 29°35 10°65 514° 40 29°64 10°36 100° 40 20°19 9°81 
40 29°35 10°65 40 29°40 10°60 20 9°74 10°26 
20 9°60 10°40 20 9°72 10°28 











Experiments on the Reaction between Ethyl Iodide and Water.—The sealed-tube method was 
again employed, and the iodide ion was estimated by titration against silver nitrate by Volhard’s 
method. (This method could not be used in the thiosulphate experiments owing to oxidation 
of the thiosulphate by the indicator.) At 100°, 10-c.c. samples of a 0-02N-solution of ethyl 
iodide gave concordant infinity titrations of 14-45 c.c. of 0-01N-silver nitrate instead of the 
20 c.c. expected. Slightly different values were found with other initial concentrations, and 
with solutions containing potassium iodide. The various values did not accord with any mass- 
action equation such as that corresponding to C,H,;I + H,O —C,H,OH + HI or to other 
plausible final states. Experiments conducted with aqueous solutions of pure ‘‘ conductivity ” 
ethyl alcohol and hydriodic acid (prepared by the action of hydrogen sulphide on an aqueous 
suspension of iodine) showed no detectable reaction during a fortnight at 60°. With the same 
concentration (0-05N) at 100°, a fraction not exceeding 1% of the total hydrogen iodide dis- 
appeared after 5,000 minutes, but was quantitatively accounted for by atmospheric oxidation. 
Lest this slight reaction should play an important part in the hydrolysis of ethyl iodide, all the 
foregoing experiments were repeated in oxygen-free solutions, with results which were sub- 
stantially the same. Finally, it was thought possible that some of the ethyl iodide might 
condense, during the reaction, in the cold capillary tip of the sealed tube, which usually stood 
out of the thermostat liquid; but in smaller tubes, totally immersed, similar results were 
obtained. 

The more obvious errors of analysis and manipulation will consequently not explain the 
fact that some 28—32% of ethyl iodide is converted during hydrolysis into a form which is not 
titratable as iodide. The formation of ethyl ether will not explain the loss. It is therefore 
concluded that a portion of the ethy] iodide is converted into a complex soluble organic compound ~ 
(e.g., an iodo-ether) in which the iodine resists the usual titration reactions. The phenomenon 
seems to be general for alkyl halides. 

The kinetics of the hydrolysis of ethyl iodide in water appear to be, at the initial stages, 
quite simple. Here the complications due to secondary disturbances are absent, for the initial 
rate is independent of the concentration of the reactant, yielding at any given temperature a 
readily reproducible unimolecular constant under all conditions. The experimental values are 
summarised below, along with those calculated from the relation log, k, = 21-11 — 21,180/RT. 


TRUE. cone ncsscdscvodnncsnnssecesets 60°2° 77°0° 100°0° 
hk, X 10° (sec:-*), obs. ........ 1°67 7°96 51°3 
RS apn ccicinne 1°69 7°88 50°9 
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Experiments on the Reaction between Ethyl Iodide and Sodium Thiosulphate.—The kinetics 
of the reaction between ethyl iodide and sodium thiosulphate in water are expressible by the 


equation 
— d{Etl] /dt = k,[Etl] + &,[Etl][S,0,”] 


In order to evaluate k, from the constant found by integration, it is necessary to know the 
instantaneous concentration of ethyl iodide, which, in view of the complicated hydrolytic 
reaction, is not possible. Since the hydrolysis is initially unimolecular, it is clear that the 
ratio of 0-6 for [S,O,’"]/[C,H,I] holds only at the completion of the reaction. The difficulty 
is, however, not serious, because the value of k, is very small compared with that of kz. We 
should therefore expect that, if the ordinary bimolecular equation is employed, the values of 
will fall slightly, the extrapolated value corresponding to ¢ = 0 giving a true indication of the 
velocity. The following data for 20-c.c. samples of an equivalent solution (0-01535N) at 25° 
typify the results generally obtained. The effect of altering the initial concentration leaves no 


8 (URI) - hsicenscrcscccsiissecissensieseocesenss 0 30 371 635 1490 3420 4740 
0009605 N-Na,S.O¢4, C.C. ceeeeeeeeeeeeeeees 21:94 21°26 17°10 14°85 10°69 8°36 7°92 
BD WM | patircedancetessnyesncnnckdeanatencastan — 1:29 117 1°16 1:10 0°93 0°58 


doubt that the reaction is bimolecular, and the reason for the inapplicability of the simple expres- 
sion isclear. Incidentally, the empirical values of k, calculated from the observed end-point, are 











1578 Moelwyn-Hughes: The Kinetics of Certain 


fairly constant during the course of any experiment, but are, of course, without physical signific- 

ance. Duplicate experiments performed at various temperatures gave concordant values of 

k,, determined by extrapolation; the variation of k, with temperature is expressed by the 
equation log, k, = 29-70 — 21,430/RT, as shown below : 

Pp 25-00° 36°26° 44-50° 51 

k x 108 (1./g.-mol./sec.), obs. 1-29 4°25 12:1 25 

os 06 GBR s cocnasses 1:30 4°31 12:1 25 


65° 


5 
“4 


The Molecular Statistics of Certain Reactions undergone by Ethyl Iodide in Hydroxylic 
Solvents. 


If we now compare the number of molecules of ethyl iodide or of thiosulphate ions 
which react per c.c. per second with the number of activating collisions as given by the 


expression 
n no? {8cRT(1/M, + 1/M,)}*. e#'*? 


it is found that the experimental velocity exceeds the calculated value by a factor of about 
28. The disparity may be due to error in the determination of E; the fact that second 
substitution of an ethyl group can take place must not be overlooked. On the other hand, 
the factor may be genuine, indicating that one internal degree of freedom contributes to 
the energy of activation. According to Hinshelwood’s theory, the above expression would 
then have to be multiplied by the term E/RT. This brings the observed and the calculated 
rate very near together, their ratio being 1:2: 1-0. It is clear that we are here dealing with a 
chemical reaction possessing a velocity lying within a reasonable range of the values 
predicted by the theory of simple collisional activation. 

Data for other reactions belonging to the same category are in Table II (for details 
and references, see Moelwyn-Hughes, “‘ The Kinetics of Reactions in Solution,’ Oxford, 
1933). According to the criteria which can at present be applied, it may be concluded that 
each of these reactions takes place between an ion and a neutral molecule. The most 
significant fact concerning them is that, even to detailed parallelisms between E and 
log k, the observed rates are consistent with the view that a very simple type of activation 


TABLE II. 
Reaction of Reaction of 
EtI with Solvent. kas X 105. E (cals.). EtI with Solvent. ka5- X 105. E (cals.). 
KOH EtOH 16°5 20,670 CH,Ph-ONa EtOH 1:28 21,860 
EtONa s 9°40 20,650 Na,5,03 H,O 129 ca. 21,430 
PhONa a 0°58 22,000 


is sufficient guarantee for chemical change to take place. Now the variation in E, though 
real, is so small as to suggest the existence of a common mechanism, if not a common 
reaction, for them all. If we restrict attention to those reactions occurring in alcoholic 
solution, the second suggestion becomes plausible, for equilibria of the type C,H;O’ + 
C,H;-OH — C,H;°OH + C,H,;O0’ can give rise to a common ion in each case. Purely 
chemical evidence, however, rules out this possibility, except as a concurrent process. 
As far as can be judged from the not very varied results at present available, it seems 
that a critical increment of 21,300 (-- 700) cals. holds for the reactions occurring between 
ethyl iodide and different anions originating from strong electrolytes in hydroxylic solvents. 
The inference is that the energy of activation is concerned chiefly, though not quite 
completely, with one of the reacting species. 

Hinshelwood (‘‘ The Kinetics of Chemical Change in Gaseous Systems,” 3rd edtn., Oxford, 
1933) has pointed out that the expression e~“/“” gives the fraction of activating collisions 
whether E is regarded as translational energy of the colliding molecules or as the sum of 
separate energies of activation, E, and E,, each capable of independent variation within 
certain limits. The expression must be valid in the special case where E, = 0, 7.e., when 
only one of the reacting species requires activation. It would appear that this is the 
condition to which the reactions here discussed approximate. 

It is rather surprising that E for the hydrolysis of ethyl iodide (21,200 cals.) should 
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be nearly equal to that for the reaction with thiosulphate (21,430). The result is consistent 
with the idea of independent activation of the halide, with a low chemical efficiency (about 
1 in 25) of activating collisions with water molecules. Alternatively, the observed value 
of E may not be the true energy of activation (compare J., 1932, 92). The identity of the 
E values for the ionic and the hydrolytic reaction would scarcely deserve mention apart 
from the existence of a close and reputable analogue. The critical increment for the 
reaction CH,Cl-COO’ + OH’ —> CH,(OH)-COO’ + Cl’ is 25,850 cals., and for the 
corresponding hydrolysis is 26,310 (van ’t Hoff, ‘‘ Studies in Chemical Dynamics,’’ 1896). 
The latter reaction is composite (Dawson and Dyson, this vol., p. 49), but there is as yet no 
evidence as to the critical increments of the separate reactions. 

If the theory of independent activation—which, it must be emphasised, is here discussed 
as a possibility rather than accepted as a final solution—is correct, the mechanism of 
activation demands that ionic separation of the ions C,H," and I’ must take place within 
the halide molecule prior to, or simultaneously with, the reaction proper. How closely 
this corresponds to electrical dissociation can only be judged when the variation with 
temperature of the electrical conductivity of the halide is known. All that may be asserted 
at present is that the observed energy of activation of several reactions occurring between 
ethyl iodide and negative ions lies between two limits which may reasonably be imposed. 
They are the heat of dissociation of aliphatic alcohols (ca. 12,000 cals.) on the one hand, 
and the dissociation energy (ca. 43,000) of the non-electrical separation C,H;I — C,H; + I 
on the other. 

Ethyl iodide reacts with nitrogenous bases in hydroxylic solvents by a mechanism which 
is different from that discussed above. The available data (Table III; calculated from 
Hirniak’s figures, ‘‘ Tables Annuelles,” 1911, 2, 508) are not so precise, and there is no 


TABLE III. 


Reactions between Ethyl Iodide and Nitrogenous Bases in Methyl-alcoholic Solution. 


Reo X 104 Reo X 104 
(1. /g.-mol. /min. ; (1./g.-mol. /min. ; 

Base. log yo)- E, cals. Base. logo). E, cals. 
Dimethyl-p-toluidine 13°6 17,700 Quinoline 5°45 24,400 
isoQuinoline 3°17 19,000 a-Naphthaquinoline ... 1°46 25,000 
Pyridine 4°66 20,200 Collidine 1-30 25,800 
a-Picoline 1-12 23,200 p-Naphthaquinoline ... 0°61 26,700 


clear indication as to the ionic type of the reactions; but there remains no doubt as to 
the reality of the variation of the critical increments, and to the failure of the simple 
collision theory to account for the velocities by accepting the observed values of E as 
true. The observed range of velocities is 20, compared with the hypothetical range of 10°. 
The problem thus presented has recently been reviewed at some length (Chemical Rev., 
1932, 10, 240; Moelwyn-Hughes and Hinshelwood, J., 1932, 230; Moelwyn-Hughes and 
Rolfe, ibid., p. 241; Polissar, J. Amer. Chem. Soc., 1932, 54, 3105; Roberts and Soper, 
Proc. Roy. Soc., 1933, A, 140, 71; Thompson and Blandon, this vol., p. 1237), and need 
not be reconsidered here. The position at present is simply that the assumption of simple 
activation of the halide accounts for the rates of those reactions mentioned in Table II, 
but not for those in Table III. 
SUMMARY. 


The number of molecules of ethyl iodide which react per second with thiosulphate 
ion in aqueous solution corresponds with the number calculated by assuming a very simple 
type of activation to be necessary. The energy of activation is taken to be equal to the 
critical increment, which is 21,430 calories. 

There occurs a complicated side reaction between ethyl iodide and water, which begins 
with a unimolecular velocity given by the relation k = 1-5 x 10® x e182? sec -1, 

The similarity in the value of E found for various reactions between ethyl iodide and 
anions in hydroxylic solvents suggests that the process of activation relates chiefly to the 
alkyl-halide link. 





1580 Jelley: The Preparation and Constitution of 
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374. The Preparation and Constitution of the Thiostannates. Part I. 
Sodium Ortho- and Meta-thiostannate. 


By Epwin E. JELLEY. 


Two classes of thiostannate have been described, the meta-, M’,SnS,,xH,O, and the ortho-, 
M’,SnS,,yH,O. The apparent difference between the covalency of tin in the two classes 
is the main subject of the present investigation. 

Sodium orthothiostannate was prepared by Kuhn (Amnalen, 1852, 84, 110) by melting 
a mixture of sodium sulphide, stannous sulphide, and sulphur. When extracted with hot 
water, the black mass gave a very dark solution, which deposited colourless monoclinic 
crystals on cooling; these had the composition Na,SnS,,15H,O when first prepared, but 
lost 3 mols. of water when dried over sulphuric acid. Weinland and Gutmann (Z. anorg. 
Chem., 1898, 17, 418) obtained a yellow salt by boiling a solution of sodium thiosulphate 
and sodium stannite. It has now been prepared as an octadecahydrate by heating sodium 
stannate with sodium sulphide. 

Sodium metathiostannate has been prepared by fusing together a mixture of tin, 
sodium carbonate, sodium sulphide, carbon, and sulphur (Berzelius, Ann. Chim. Phys., 
1817, 5, 41; 1822, 20, 138; 1826, 32, 60; Horing, Pharm. Zig., 1851, 3, 120; Ditte, 
Ann. Chim. Phys., 1907, 12, 236). Kuhn (loc. cit.) obtained it by the action of molten 
sodium pentasulphide on tin, and ascribed to it the formula Na,SnS,;,2H,O. The salt was 
said to form colourless octahedral crystals. By boiling the ortho-salt with stannic 
sulphide, the meta-salt has now been obtained as a évi- and an octa-hydrate. 


EXPERIMENTAL. 


1. Preparation of Salis——Sodium orthothiostannate was prepared by adding 100 g. of 
technical sodium stannate [79% Na,Sn(OH),] and 250 g. of sodium sulphide (Na,S,9H,O) 
to 700 c.c. of boiling water. The mixture, which was greenish-black from impurities derived 
from the stannate, was kept at 90—100° for 3 hours. About 40 g. of “‘ light ’’ magnesium oxide 
were added, and the heating was continued for 2—3 hours, ferrous sulphide and other impurities 
being then adsorbed on the oxide. After filtration, the clear pale yellow liquid was concentrated 
to about 300 c.c. on the water-bath, and then set aside. The crystals which separated were 
rinsed with a little ice-cold water and twice recrystallised. The yield was 80 g., but in subsequent 
preparations this was raised successively to 120, 135, and 145 g. by utilising the mother-liquor 
from previous recrystallisations. In a later preparation, in which 400 g. of sodium stannate 
[71% Na,Sn(OH),] and 800 g. of sodium sulphide crystals in 600 c.c. of boiling water were 
treated as before, 420 g. of very large colourless crystals were obtained. These monoclinic 
crystals readily lost water on exposure to the air, and as the loss of the first 2 mols. was not 
accompanied by any change in their appearance, it was necessary to recrystallise the salt 
immediately before analysis. 

For the preparation of the metathiostannate, 50 g. of pure orthothiostannate in 1500 c.c. 
of aqueous solution were boiled and treated with N-hydrochloric acid from a burette until a 
spot test with bromocresol-green showed slight excess. The liquid was gently boiled for 4 hours 
and then set aside. The precipitated stannic sulphide was washed ten times by decantation 
(each settling operation took 2 days) and then filtered off by suction (this took 5 days owing 
to the colloidal nature of the precipitate); it was dried at 120°, and the resulting brownish 
substance was powdered and boiled with 50 g. of sodium orthothiostannate in 100 c.c. of 
aqueous solution until it had dissolved. The addition of a fragment of granulated tin prevented 
atmospheric oxidation of the solution. After concentration by boiling, the solution was set 
aside over calcium chloride. The octahydrate separated as colourless prismatic crystals. The 
yield after recrystallisation was 37 g. A second preparation yielded 42 g. The trihydrate 
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prepared from the octahydrate was only stable in hot solutions, and difficulty was experienced 
in freeing the crystals from their mother-liquor on account of the ease with which they changed 
to octahydrate. This difficulty was overcome by drying the hot drained crystals over some of 
the partly dehydrated substance. The salts were contained in a desiccator maintained at 110°, 
a temperature within the stability range of the trihydrate. A series of analyses showed that the 
crystals rapidly reached a constant composition. In the first preparation 40 g. of octahydrate 
yielded 11 g. of trihydrate; in the second, 20 g. yielded 9 g. The trihydrate forms strongly 
birefringent tetragonal bipyramids which are uniaxial with a positive sign. The octahydrate 
is biaxial with a positive sign, and shows oblique and dispersed extinction. It is, therefore, 
either monoclinic or triclinic. 

The solubilities of these salts in water are (g./100 g. of solution) : Na,SnS,,18H,O, 57-1 at 
18°; Na,SnS,,8H,O, 38-1 at 16°. 

2. Analytical Methods.—Determination of sulphur. The most trustworthy method of those 
tried was based on Szeberényi’s procedure (Z. anal. Chem., 1932, 88, 187), which depends on 
the oxidation of sulphur to sulphate by a warm, strongly alkaline solution of a hypoiodite. 
An amount of the salt equivalent to about 0-04 g. of sulphur was dissolved in a few c.c. of 
water, 50 c.c. of approximately N/5-sodium hydroxide were added, the mixture boiled, and 
N/10-iodine was run in gradually; after each addition, the solution soon became colourless, 
and a drop was tested with an external indicator of starch and 6N-hydrochloric acid. When 
excess of iodine was indicated, the liquid was cooled, acidified with a slight excess of 6N-hydro- 
chloric acid, and the excess of iodine titrated with N/10-thiosulphate: 1 c.c. of N/10-iodine = 
0-4008 mg. of sulphur. 

Determination of tin. Most of the difficulties encountered in the determination of tin as 
stannic oxide were traced to two sources of error: (i) the precipitated metastannic acid strongly 
adsorbed sodium ions unless a few hundred times as much ammonium salt was present; (ii) the 
acid was appreciably soluble in water, particularly if ammonium sulphate was used instead of 
the acetate to avoid the preceding source of error. The following procedure was found satis- 
factory. A weighed amount of thiostannate, equivalent to 0-05—0-2 g. of tin, was dissolved in 
about 50 c.c. of water, and a considerable excess of 6N-ammonia was added, followed by a slight 
excess of hydrogen peroxide (10- or 20-vol.; A.R.). The liquid was boiled gently (vigorous 
boiling caused some metastannic acid to deposit as a film on the beaker, and subsequent removal 
was very difficult), acidified with 6N-acetic acid, and 5 c.c. of 20% ammonium acetate added. 
The beaker with its contents was kept on the water-bath for an hour, and the liquid then filtered 
through a Whatman No. 40 filter. The collected precipitate was washed many times with a 
1% solution of ammonium acetate, the filter was dried and incinerated in the usual way, and 
the weight of stannic oxide determined. 

Determination of sodium. Acidimetric titration with N/10-hydrochloric acid, with bromo- 
cresol-green as an external indicator, gave accurate and reproducible results with sodium 
orthothiostannate, but was not sufficiently accurate for use with the metathiostannates. For 
these, (i) direct determination as sodium sulphate and (ii) an indirect method were used. 

(i) The filtrate from the tin determination was made alkaline with ammonia, evaporated to 
dryness in a palladium-gold dish, and the residue heated to expel ammonium salts. The dish 
was cooled, a few drops of concentrated ammonia were added to decompose any bisulphate 
(this precaution was probably unnecessary), and the dish was finally raised to a dull red heat. 
The sodium was weighed as sulphate. The evaporation and heating could be performed without 
loss by spattering if a layer of glass wool was placed in the evaporating basin: asbestos was 
unsatisfactory for this purpose. 

(ii) The indirect method, which gave consistently good results, was as follows. A weighed 
amount of thiostannate was dissolved in water, and an excess of N /10-sodium carbonate, together 
with a slight excess of hydrogen peroxide, added. The liquid was boiled for some minutes, 
cooled, and then back-titrated with N/10-hydrochloric acid and bromocresol-green. The 
alkali consumption was equivalent to the sulphur content over that required to form sodium 
sulphate from the sodium of the thiostannate. The total sulphur was determined as described 
above, and the difference gave the amount of sodium present. This method is generally applic- 
able to all complex sulphides. 

Determination of water. The total water content was determined by difference, and water 
of crystallisation by drying the substances at 140—200° in an atmosphere of pure nitrogen or 
in a vacuum over phosphoric anhydride. 

Analyses.—1. Sodium orthothiostannate [Found: S, 19-29, 19-39, 19-40, 19-14, 19-41 (mean 
19-33); Sn, 17-82, 17-77, 17-94 (mean 17-84); Na, 13-93, 13-92, 13-65, 13-87, 13-85 (mean 13-84) ; 
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loss at 200—270°, 44-0, 43-04, 43-5; loss over P,O;, 43-2 (mean 43-43); Na,SnS,,18H,O requires 
Na, 13-88; Sn, 17-91; S, 19-31; 16H,O, 43-44%]. The two molecules of water which were 
not removed by drying could not be driven off unless the substance was so strongly heated that 
it decomposed, stannous sulphide and sodium polysulphides being produced. 

2. Sodium metathiostannate octahydrate (Found: S, 23-66, 23-73; Sn, 29-34, 29-67; Na, 
11-36, 11-33; loss on heating, 33-05, 33-17; loss in 3 months over P,O,;, 35-08; Na,SnS;,8H,O 
requires S, 23-75; Sn, 29-31; Na, 11-36; 8H,O, 35-58%). 

3. Sodium metathiostannate trihydrate (Found : S, 30-10, 30-30; Sn, 38-13, 37-84; Na, 14-34; 
loss on heating, 15-5; loss over P,O;, 16-11; Na,SnS,,3H,O requires S, 30-54; Sn, 37-69; 
Na, 14:61; 3H,O, 17-16%). 

DISCUSSION. 


Tin shows a great tendency to form complex ions, in many of which it undoubtedly 
has a valency shell of twelve electrons; e.g., in (SnCl,)’’2M’, [Sn(H,O),]°"4Cl’, and 
[Sn(OH),]""2Na*. Dickinson (J. Amer. Chem. Soc., 1922, 44, 276), on examination of the 
alkali chlorostannates by the X-ray crystallographic method, found that each tin atom 
is surrounded by six chlorine atoms arranged at the corners of an octahedron, which is 
strong confirmatory evidence of the 6-covalency of tin. The constitutions of the thiostan- 
nates described above are easily explained on this basis. The existence of an octa- and a 
tri-hydrate of sodium metathiostannate requires explanation; the former is readily formed 
at room temperature and decomposes on warming, but the latter is formed at higher 
temperatures and is stable at 115°. It is doubtful if sodium ions can be hydrated at this 
temperature, and, moreover, there are three molecules of water to two atoms of sodium. 
It seems reasonable to suppose that the anion in the trihydrate is either (I) or (II), whereas 


S a” SH a” S ” 
+ LOH, OH. | (OH i 
H,Q-Z8n, oor a 2Na(H,0), 
H,O bu S S 
(I.) (II.) (III.) 


in the octahydrate the sodium ions are hydrated (III), owing to the lower temperature. 
The trihydrate takes up an extra molecule of water if left exposed to the laboratory air for 
a few weeks, without, however, changing in appearance; and the transition from trihydrate 
to octahydrate is extremely sluggish if the mother-liquor contains a slight excess of stannic 
sulphide. 

The tenacity with which two molecules of water are held by sodium orthothiostannate 
strongly suggests that this water is part of a complex ion, and the structure (IV) seems 


S S sai S 44et 
ny 7 SH, ¢ H 

(IV.) H,O—>Sn<-OH, | 4Na(H,0),’ Sine (V.) 
a OH” : SH 


probable. The fact that 18 molecules of water are present supports this view, for sodium 
ions have a maximum covalency of four. An alternative structure for the anion (V) is 
possible. In either of these formule the tin is 6-covalent. 


The author wishes to express his gratitude to Professor J. R. Partington for his advice and 
interest in this work. 


East LonpDoN COLLEGE. [Received, November 18th, 1933.] 
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375. The Synthesis of dl-Homolaudanosoline and its Dehydrogenation. 
By SHIGEHIKO SUGASAWA and Haruo YOSHIKAWA. 


RoBINSON and SuGAsawa have studied the behaviour of laudanosoline (I) towards oxidising 
agents and found that smooth oxidation could be brought about by means of chloranil 
in alcoholic suspension with formation of the corresponding dehydro-compound, a tetra- 
hydroxydibenzotetrahydropyrrocolinium salt (II), the constitution of which was elucidated 
chiefly by studying its behaviour in the Hofmann and Emde degradations (J., 1932, 789). 
A little later, the work of Schoepf and Thielfelder (Annalen, 1932, 497, 22) covered almost 
the same ground. 

We have now applied this method of oxidation to di-homolaudanosoline (III), and 
conclude from analogy that the reaction proceeded in the same manner as with (I), giving 
rise to a new type of ring-system, the constitution of the methylation product being (IV). 


OH OH OH 
CH, OH CH, OH LP 
HO/ \“ \cH’ HO \cH” ec Hen 6 
I\Z mf Nv H, 
Me CH, ar.) Me CH, HO | CH, 
“ HO (III.) 
OMe 
My Sis OMe Rae 
2 18 4 
CH OMe CH e 
4, » if | & 2 h s 
\ 4 iN 7 in ° ed CH “ i CH 
7 2 3 
MeO 13 20 Me H, Me rs wal \/ 
I CH, CH, 
Me OMe OMe 
saiiies (VI.) (VII.) 
OMe MeO CH:CH-CO-CH:CH- OMe 
MeO (Ix,) OMe 
CH, Me 


<a, vv MeO; CH,*CH,-CO-CH,°CH,-” OMe 
N CH, — (x) OMe 





MeO, CH,-CH,-C-CH,’CH, OMe 
MeO NOH OMe 


(XI.) 





dl-Homolaudanosoline was synthesised in two ways from veratraldehyde. The first 
method is essentially the same as that of Narang, Ray, and Silooja, published (J., 1932, 
2510) during the course of our work; it depends on the dehydration of the amide (VI) to 
the methochloride of 6 : 7-dimethoxy-1-8-3’ : 4’-dimethoxyphenylethyl-3 : 4-dihydrozso- 
quinoline (VII), which was catalytically reduced to di-homolaudanosine (VIII). 

The second and better of the two methods consists in condensing veratraldehyde and 
acetone by means of alkali (Stobbe and Haertel, Annalen, 1909, 307, 104); the diveratry]l- 
ideneacetone (IX) thus obtained was partially reduced to di-(8-3 : 4-dimethoxyphenyl)ethyl 
ketone (X). When treated with phosphoryl chloride in dry toluene, the related oxime 
(XI) readily underwent the Beckmann rearrangement and the amide (VI) thus formed 
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suffered ring-closure in the same operation. The yield at each stage is satisfactory and 
the initial materials are readily accessible. 

Hydriodic acid was found to be the best reagent for the demethylation of d/-homo- 
laudanosine; aluminium chloride, used advantageously in the former case (Robinson and 
Sugasawa, J., 1932, 795), did not give good results, chiefly because the homolaudanosoline 
hydrochloride is too freely soluble in water. 

The dehydrogenation of homolaudanosoline was first tried under the same conditions 
as in the previous case (Robinson and Sugasawa, Joc. cit.), alcohol being used as solvent, 
without satisfactory outcome; but when acetic acid was used (compare Schoepf and 
Thielfelder, Joc. cit.), the corresponding dehydro-derivative could be isolated. This on 
methylation gave (IV). The corresponding methochloride appears to suffer normal 
decomposition at 220—230° under diminished pressure, but the results of analysis of the 
crystalline product were ambiguous, and this compound is being further investigated. 


EXPERIMENTAL, 


8-3 : 4-Dimethoxyphenylpropiono-B-3' : 4'-dimethoxyphenylethylamide (VI).—Homoveratryl- 
amine (17-5 g.) in ether (100 c.c.) was mixed with aqueous sodium hydroxide (200 c.c. of 5%), 
and the acid chloride (from 21-5 g. of veratrylpropionic acid in 100 c.c. of chloroform) was 
introduced with vigorous shaking and cooling in melting ice. After 30 minutes, the organic 
solvents were removed in a current of air and the semi-solid acid amide which separated was 
taken up in ethyl acetate, and the extract washed with dilute hydrochloric acid, dried, and 
evaporated. The residue crystallised from ethyl acetate in colourless needles, m. p. 99—100° 
(yield, about 70%) (Found: C, 67-9; H, 7-7. C,,H,,0;N requires C, 67-7; H, 7-2%). 

6 : 7-Dimethoxy-1-8-3' : 4'-dimethoxyphenylethyl-3 : 4-dihydroisoquinoline (VII).—(A) A mix- 
ture of the foregoing amide (15 g.), dry toluene (80 c.c.), and phosphoryl chloride (60 g.) was 
heated (oil-bath at 120—130°) for 1-5—2 hours; the amide soon disappeared and after some 
time a yellow crystalline substance separated. After cooling, this was collected and washed 
with light petroleum; the washings were added to the mother-liquor, causing some pasty 
material to be precipitated. The crystalline substance, the hydrochloride of the base (VII), 
was dissolved in water, and the filtered solution was basified and thoroughly extracted with ether. 
When the concentrated ethereal solution was allowed to evaporate slowly, the base (VII) 
separated in long colourless needles, m. p. 96—97°, already analytically pure (m. p. 94° accord- 
ing to the Indian authors, Joc. cit.). Once obtained in solid form, the base is very sparingly 
soluble in ether and can then be crystallised from aqueous alcohol. By working up the pasty 
mass obtained from the mother-liquor, a further quantity of the base was isolated (total yield, 
13 g.) (Found: C, 71-2; H, 7-3; N, 3-5. Calc. for C,,H,,0,N : C, 71-0; H, 7-1; N, 3-9%). 

(B) The preparation of diveratrylideneacetone (IX) was shortened as follows. Aqueous 
sodium hydroxide (10 g. of 10%) was added to veratraldehyde (20 g.) and acetone (3-2 g.) 
dissolved in alcohol (160 c.c.), and the mixture was cooled in running water and stirred mechanic- 
ally. The colourless solution became yellow and an oil, which became crystalline after 2—3 
hours, separated. After 10 hours, the solid was collected, washed with water, and crystallised 
from alcohol, forming bright yellow needles, m. p. 84° (yield, 16-5 g. or 85%). 

When this unsaturated ketone, dissolved in ethyl acetate, was partly reduced by means of 
hydrogen and the Adams platinum oxide catalyst, di-8-3 : 4-dimethoxyphenylethyl ketone was 
obtained in theoretical yield. After 2H, were absorbed, the reduction suddenly slackened 
and the solution was colourless. The filtrate from the catalyst was concentrated ; the colourless 
residue crystallised from aqueous methyl alcohol in needles, m. p. 84° (compare Nomura and 
Hotta, C., 1925, II, 1745). The oxime, prepared by the usual method, crystallised from alcohol 
in needles, m. p. 188—139° (compare Nomura and Hotta, /oc. cit.) (yield, exceeds 90%). 

The foregoing oxime (5 g.) was suspended in dry toluene (25 c.c.), and phosphoryl chloride 
(20 g.) added. The light brown solution obtained was heated (oil-bath at 120—130°) for 2 
hours, the evolution of hydrogen chloride then ceasing. Sufficient light petroleum was added 
to produce a thick brown precipitate and after some time the supernatant liquid was decanted. 
The residue was repeatedly extracted with warm water and the combined filtrates were basified. 
The base was extracted and dried in ether, recovered, and crystallised from aqueous alcohol, 
forming colourless needles, m. p. 96—97°, not depressed on admixture with an authentic specimen 
of the base (VII) (yield, 4 g. or 85%). 

dl-Homolaudanosine (VIII).—The foregoing base (11-8 g.), dissolved in methyl alcohol 
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(25 c.c.), was heated with methyl iodide (6-5 g.) on a steam-bath for several hours. On cooling, 
the methiodide separated in aggregates of yellow crystals (17-1 g.). Recrystallised from 
methyl alcohol containing a little water, it formed yellow prismatic needles decomposing at 
132-5—133-5°. 

The corresponding methochloride was prepared by the usual method and catalytically 
reduced in alcoholic solution, exactly 1 mol. of hydrogen being absorbed smoothly. The 
filtrate from the catalyst was basified, and the free base isolated by means of ether as a light 
yellow, viscous oil, which would not crystallise. The perchlorate crystallised from hot water, 
containing a small amount of perchloric acid, in colourless pillars, decomposing at 183—185° 
(Found: C, 55-3; H, 6-7; N, 2-7. CygH»gO,N,HCIO, requires C, 55-9; H, 6-4; N, 3-0%). 

dl-Homolaudanosoline.—A mixture of homolaudanosine (10 g. of crude substance), hydriodic 
acid (150 g., d 1-7), and a little acetic anhydride was heated (oil-bath at 150°) for 1-5—2 hours. 
Hydriodic acid was then removed by distillation in a vacuum, and water added to the residue, 
which was evaporated again; d/-homolaudanosoline hydriodide was then obtained as an 
amorphous hygroscopic powder. In order to show that homolaudanosine suffered no structural 
change during demethylation, the demethylated compound, which was proved to be methoxy]l- 
free, was dissolved in an excess of 33% potassium hydroxide solution in an atmosphere of 
hydrogen and was methylated by means of methyl sulphate. Potassium iodide was added to 
the reaction product, but since the methiodide of the methylated base is readily soluble in 
water, no precipitate was obtained. The whole was, therefore, concentrated in a vacuum and 
heated at 250° for about 20 minutes, and the residue was then extracted with ether. After 
removal of the solvent, the perchlorate of the base was prepared, m. p. 183—185° (decomp.), 
and proved to be identical with the perchlorate of d/-homolaudanosine. 

Dehydrogenation of Homolaudanosoline.—Crude homolaudanosoline hydriodide (3-7 g.) was 
dissolved in glacial acetic acid (100 c.c.), a solution of chloranil (2-1 g.) in acetic acid (80 c.c.) 
added gradually, and the whole heated on a steam-bath for 30 minutes and kept over-night. The 
acetic acid was evaporated in a vacuum, and the residue freed by means of ether from tetra- 
chloroquinol and crystallised from dilute hydriodic acid, forming yellowish-brown, sandy. 
crystals decomposing at 252—253° (yield, ca. 3 g. or 80%) (Found: C, 49-4; H, 4-4; N, 3-7. 
C,sH_,O,NI requires C, 49-0; H, 4:5; N, 3-2%). From the analytical results and by analogy 
with the former investigation, we are of the opinion that the substance is 2:3: 11: 12-tetra- 
hydroxy-8-methyl-6 : 7: 15 : 16-tetrahydro-5 : 18:9: 14-dibenzpyridocolinium iodide (compare 
IV). 

* : 3: 11: 12-Tetramethoxy-6 : 7: 15 : 16-tetrahydro-5 : 18 : 9 : 14-dibenzpyridocoline.—The 
foregoing iodide (2 g.) was suspended in water (5 c.c.) in an atmosphere of hydrogen, and 33% 
potassium hydroxide solution (20 c.c.) and methyl sulphate (12 c.c.) added with shaking. The 
methylation was completed by adding further similar portions of alkali and methyl sulphate 
and, after the evolution of heat subsided, an excess of alkali was introduced. On cooling, the 
corresponding methosulphate separated; this was collected, and potassium iodide added to 
the filtrate; the corresponding methiodide then separated. The methosulphate was also con- 
verted into the methiodide, and both portions of the latter salt were together crystallised from 
aqueous methyl alcohol, forming yellow pillars (2-1 g.), decomposing at 237—238° (Found : 
C, 53-1; H, 5-6; N, 2-9. C..H,,O,NI requires C, 52-6; H, 5-7; N, 2-9%). 

The methiodide was converted into the corresponding methochloride, and a colourless solid, 
decomposing at 204—205° (crude substance), which was obtained was heated at 220—230° 
(oil-bath) until effervescence had ceased and then for a further 10 minutes. On cooling, the 
residue was extracted with hot dry benzene, the solvent evaporated, and the residue crystallised 
from alcohol, forming colourless leaflets, m. p. 153-5—154-5°, which soon turned yellow on 
exposure to light, although without change of m. p. Though the m. p. was not raised by further 
purification, the results of several analyses were indefinite, and the substance is still under 


investigation. 


The authors are indebted to the Teikoku Gakushiin for research grants. 


PHARMACEUTICAL INSTITUTE, IMPERIAL UNIVERSITY, 


Tokyo, JAPAN. [Received, August 22nd, 1933. 
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376. Conditions for the Formation of Rings attached to the Meta- 
positions of the Benzene Nucleus. 


By S. G. P. PLANT. 


A STRIKING feature of benzene chemistry is the almost complete absence of derivatives in 
which a cyclic structure is attached in the meta- or the para-positions. The compound 
(I), prepared in very small yield by Ruzicka, Buijs, and Stoll (Helv. Chim. Acta, 1932, 
15, 1220) from the cerium salt of the corresponding dibasic acid, appears to be the only 
definitely established example of the former type. There seems to be no reason why the 
main factors involved in the cyclisation of compounds containing side chains in the meta- 
positions should differ essentially from those by which ring closure in simple aliphatic 
substances is governed. Thus the preparation of a compound with a highly strained 
ring attached in the meta-positions would be extremely difficuit. Furthermore, the 
formation of a large strainless “‘ meta-ring”’ will involve the well-known difficulties 
arising from the elaborate rotational changes which the long-chain substituents can 
undergo. 

The use of models indicates that there is considerable strain in a ring attached to the 
meta-positions if it contains fewer than ten atoms, and that larger ring structures are 
not greatly strained. A saturated seven-membered chain (resulting in a ten-membered 
ring) between the meta-carbon atoms of the benzene nucleus can readily assume a shape, 
such as in (II), reminiscent of the strainless configurations of decahydronaphthalene. 
The benzene nucleus does not fit into such a model without a little strain, but this is small 


/ iad 


(1.) Yo (IL.) | " (III.) 
é 
(CH3)¢ 


and does not exceed that associated with many well-known compounds containing rings 
attached in the ortho-positions. It follows, therefore, that attempts to effect cyclisation 
in meta-disubstituted benzene derivatives will be more likely to succeed if the configur- 
ation of the product is of the type mentioned than if the attached ring is smaller or con- 
siderably larger, and modern theory indicates that these considerations apply to both 
carbocyclic and heterocyclic systems. The failure of Titley (J., 1928, 2571) to obtain 
definite evidence of cyclisation during the application of the Dieckmann reaction to esters 
of the type (III) may be explained by the fact that in all the cases investigated the side 
chains in the meta-positions were of insufficient length for the formation of a nearly 
strainless molecule. Under the most favourable conditions, however, the process is not 
likely to be easier than the formation of a strainless monocyclic system containing 
approximately ten atoms in the ring. 

With these considerations in mind the possibility of converting 8-5-amino-2-methoxy- 
benzoylvaleric acid (IV) into the compound (V) has been investigated. In this case the 
difficulties due to the rotational changes in the side chain might be expected to be over- 
come to some extent by the polar character of the groups concerned in the cyclisation 


NH./ \CO-[CH,],CO,H ‘aps (CH,), \ 
Me l Cl 
\nu/©9 oO i, 


(IV.) (V.) (VI.) 


process. 8-o-Hydroxybenzoylvaleric acid can be obtained fairly readily by the alkaline 
hydrolysis of 2 : 3-dihydropentachromone (Hall and Plant, this vol., p. 232), and its methyl 
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ether has now been nitrated to give 8-5-nitro-2-methoxybenzoylvaleric acid, which has been 
reduced to the compound (IV). The position of the amino-group in (IV) has been estab- 
lished by the action of phosphoric oxide on a mixture of f-chlorophenol and ethyl cyclo- 
pentanone-2-carboxylate, and by the alkaline degradation of the-resulting 6-chloro-2 : 3- 
dihydropentachromone (V1) into 8-5-chloro-2-hydroxybenzoylvaleric acid. The methyl ether 
of the latter was identical with the compound obtained from (IV) by a Sandmeyer reaction. 

Although many attempts have been made to effect ring closure with (IV), its hydro- 
chloride, and its benzoyl derivative, no indication has so far been obtained of the ready 
formation of the compound (V). It is proposed, however, to investigate the possibility 
of ring closure in other compounds which fulfil the conditions mentioned above. 

Similar considerations regarding the possibility of effecting cyclisation in para-di- 
substituted benzene derivatives indicate that the product would be highly strained unless 
the attached ring is more than twelve-membered. It is also apparent that there is 
appreciable strain in a thirteen-membered ring and that there will probably be the best 
chance of success when the saturated chain uniting the para-positions in the product 
contains ten atoms (a fourteen-membered ring). 


EXPERIMENTAL. 


$-0-Methoxybenzoylvaleric Acid.—This acid was made by von Braun (Ber., 1922, 55, 3761) 
by the prolonged action of methyl iodide on $-o-hydroxybenzoylvaleric acid in alkaline solution, 
but the following procedure proved to be very convenient for the preparation of relatively 
large amounts of the substance. The hydroxy-acid (20 g., obtained by the method of Hall 
and Plant, Joc. cit.) in aqueous potassium hydroxide (150 c.c. of 10%) was shaken for 10 minutes 
at about 20° with methyl sulphate (12 c.c.); more methyl sulphate (12 c.c.) was then added, 
and shaking resumed for 5 minutes. After further agitation for 10 minutes with the addition 
of aqueous potassium hydroxide (200 c.c. of 10%), the solution was heated for an hour on the 
steam-bath. The solid which was precipitated by the addition of concentrated hydrochloric ° 
acid was extracted with ether, and the residue obtained by the evaporation of the dried (sodium 
sulphate) extract was dissolved in methyl alcohol. After this solution had been saturated 
with dry hydrogen chloride and refluxed for 6 hours, most of the methyl alcohol was distilled 
off and the residue was shaken with water and ether. After the methyl ester of the unchanged 
hydroxy-acid had been removed from the ethereal solution with aqueous caustic soda, $-o- 
methoxybenzoylvaleric acid was obtained in good yield by evaporation and hydrolysis. It 
gave no colour with ferric chloride, and separated from benzene in colourless prisms, m. p. 82°. 

A small quantity (4 g.) of the original hydroxy-acid, which was again submitted to the 
methylation process, was recovered by acidification of the above alkaline extract of its methyl 
ester. The rapid hydrolysis of this ester by cold aqueous alkali was confirmed by the examin- 
ation of an authentic specimen. 

8-5-A mino-2-methoxybenzoylvaleric Acid.—When §-o-methoxybenzoylvaleric acid (1 g.) 
was dissolved gradually in nitric acid (7 c.c., d 1-5) at between — 5° and 0°, and the solution 
poured on ice, $-5-nitvo-2-methoxybenzoylvaleric acid, pale yellow needles, m. p. 112°, from 
benzene, was precipitated (Found: C, 55-6; H, 5-7; N, 5-1. C,3;H,,;O,N requires C, 55-5; 
H, 5:3; N,5-0%). Attempts to nitrate the methoxy-acid on a larger scale were less satisfactory. 

The nitro-acid (1-5 g.) in hot aqueous ammonia was poured into a boiling solution of ferrous 
sulphate (13-5 g.) to which an excess of concentrated aqueous ammonia had been added. After 
the mixture had been boiled and shaken for 10 minutes, the aqueous solution was filtered, 
and evaporated to dryness on a steam-bath. When the residue was washed with water, and 
the remaining solid crystallised from hot water (charcoal), 8-5-amino-2-methoxybenzoylvaleric 
acid, small colourless prisms, m. p. 118°, from alcohol, separated in a practically pure condition 
(Found: C, 62-0, 62-1; H, 6-7, 7-1. C,,;H,,O,N requires C, 62-2; H, 6-8%). It was readily 
soluble in aqueous sodium carbonate, and gave a hydrochloride, m. p. 168° (decomp.), from 
dilute hydrochloric acid. When diazotised and coupled with alkaline $-naphthol, it gave a 
red dye. 

8-5-Benzamido-2-methoxybenzoylvaleric acid, colourless plates, m. p. 146°, from alcohol, 
separated when a solution of the amino-acid (1 g.) in aqueous sodium hydroxide (50 c.c. of 
2%) was shaken with benzoyl chloride (1 c.c.) for 10 minutes and then acidified with hydro- 
chloric acid (Found : C, 68-0; H, 6-0. C. H,,0,;N requires C, 67-6; C,5-9%). 8-5-Acetamido- 
2-methoxybenzoylvaleric acid, which separated as its monohydrate in clusters of small prisms, 
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m. p. 112° (efferv.), from dilute alcohol, was obtained when a solution of the amino-acid in an 
excess of acetic anhydride was heated for $ hour on the steam-bath and then diluted with much 
water (Found: C, 57-9; H, 7:1. C,;H,,0;N,H,O requires C, 57-9; H, 6-8%). 

8-5-Chloro-2-methoxybenzoylvaleric Acid.—A mixture of ethyl cyclopentanone-2-carboxylate 
(36 g.) and p-chlorophenol (54 g.) was treated with phosphoric oxide (60 g.); frothing quickly 
set in and much heat was evolved. When cold, the mixture was stirred with ether and an 
aqueous solution of sodium hydroxide (60 g.) until two clear layers resulted. When the 
ethereal solution had been well shaken with aqueous sodium hydroxide, dried (calcium chloride), 
and evaporated, and the residue distilled, 6-chloro-2 : 3-dihydropentachromone, pale yellow plates, 
m. p. 129—130°, from alcohol, was collected at approximately 233—235°/23 mm. in small 
yield (Found: Cl, 16-0. C,,H,O,Cl requires Cl, 16-1%). 

Hydrolysis of this chloro-compound and an investigation of the products by the process 
described by Hall and Plant (loc. cit.) for several analogous 1: 2: 3: 4-tetrahydroxanthone 
derivatives led to the isolation of 8-5-chloro-2-hydroxybenzoylvaleric acid, colourless plates, 
m. p. 136°, from alcohol (Found: Cl, 13-7. C,,H,,;0,Cl requires Cl, 13-8%); no appreciable 
quantity of cyclopentanone or 5-chlorosalicylic acid was formed in the reaction. 

When this hydroxy-acid, which gave an intense violet-purple colour with ferric chloride, 
was methylated, and the product purified by a process analogous to that described above for 
$-o-hydroxybenzoylvaleric acid, 8-5-chloro-2-methoxybenzoylvaleric acid, colourless plates, m. p. 
94°, from dilute alcohol, was obtained (Found: Cl, 13-1. C,;H,,0,Cl requires Cl, 13-1%). 
The acid gave no colour with ferric chloride. 

8-5-Amino-2-methoxybenzoylvaleric acid (0-4 g.) was diazotised in dilute hydrochloric 
acid and added to a solution of cuprous chloride (0-8 g.) in concentrated hydrochloric acid. 
On being warmed to 50°, the mixture evolved nitrogen freely and 8-5-chloro-2-methoxybenzoyl- 
valeric acid separated; after crystallisation from dilute alcohol, it melted, alone or mixed 
with the synthetical product described above, at 94°. 


THE Dyson PERRINS LABORATORY, OXFORD. (Received, October 21st, 1933.] 





377. The Optical Activity of a Diphenyl Derivative, the Dissymmetry 
of which is caused by the Space Effect of only one Group. 


By (Miss) Mary S. LEssLiE and Eustace E. TURNER. 


In a recent communication (Shaw and Turner, this vol., p. 135) it was pointed out that a 
suitably 2 : 3’-disubstituted diphenyl should show molecular dissymmetry. The condition 
which must be satisfied is that the 2-substituent either must, if an atom, have a radius equal 
to or greater than that (1-33 A.) of iodine (Type 1), or, if a group attached to the 2-position 
through an atom smaller than that of iodine, must exhibit a “‘ dynamic ”’ effect (Type II). 
At that time we had already attempted the resolution of 2-iododipheny]-3’-carboxylic acid 
(Type I). This acid was very difficult to obtain, and the resolution of its alkaloidal salts 
could not be effected. We have now examined two compounds of Type II, the 2-substi- 


+ - + 
tuent being ‘NMe,}X in the one and -AsMe,}X in the other (radius of As atom, 1-2 A.). 
Both compounds contain bromine in the 3’-position, and were prepared from 3-bromo- 
2’-aminodiphenyl, the latter being obtained according to the scheme : 


NH-CO,Et NH-CO,Et NH, 
Br Br 


> 
NO, 0, NO, NH, 


NH-CO,Et NH-CO,Et 


The de-amination of large quantities of 3-bromo-2’-nitrobenzidine by the usual method 
(diazotisation in concentrated sulphuric acid, etc.) proved tedious, but was conveniently 
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effected by a new process : the dry bisdiazoborofluoride of the bromonitrobenzidine is very 
readily prepared, and undergoes rapid, smooth conversion into the bromonitrodiphenyl 
when it is added to a boiling solution of concentrated sulphuric acid in absolute alcohol. 
No difficulty was experienced in converting 3-bromo-2’-aminodiphenyl into 3-bromo- 
2'-dimethylaminodiphenyl, but the tertiary base showed little tendency to combine with 
methyl iodide. Polar solvents, such as acetonitrile, did not appreciably aid the combin- 
ation, nor did methyl sulphate or methyl f-toluenesulphonate exhibit reactivities very 
different from that of methyl iodide. Prolonged action of the latter at 175° gave 3’-bromo- 
diphenylyl-2-trimethylammonium todide in small, but practicable, yield. This result is of 
interest, as it demonstrates the considerable steric effects about the nitrogen atom in this 
particular compound. The non-reactivity of the tertiary base is in contrast with the ready 
reactivity of p-bromodimethylaniline; at the same time, it is not entirely due to steric 
effects, since 2 : 2’-bisdimethylaminodiphenyl combines readily with methyl iodide (Shaw 
and Turner, loc. cit.). 

The tertiary ammonium iodide was converted into the corresponding d-camphorsul- 
phonate and d-a-bromocamphor-z-sulphonate, but both of these substances were deliques- 
cent glasses, resolution of which proved impossible. 

Tertiary arsines containing the AsMe, group usually combine readily with methy] iodide, 
and, because the arsenic atom is so large, the combination should be little affected by such 
steric factors as would depress the reactivity of the small 
nitrogen atom. The annexed figure shows that, whereas the 
nitrogen atom (A) is sheltered by the two o-methyl groups 
in N-dimethylmesidine, the arsenic atom (B) in 2:4: 6- 
trimethylphenyldimethylarsine is relatively easy of access. (No 
H atoms are shown in the diagram, nor the methyl groups 
attached to N or As.) It is known (Hofmann, Ber., 1872, 5, 
718) that dimethylmesidine does not combine with methyl 
iodide even at 150°, but in confirmation of our expectations 
we now find that 2: 4: 6-trimethylphenyldimethylarsine com- 
bines with methyl iodide, and even with ethyl iodide, at room 
temperature. 

Similarly, 3’-bromodiphenylyl-2-trimethylarsonium todide was obtained without any 
difficulty from methyl iodide and the tertiary arsine, which was prepared from 3-bromo- 
2’-aminodipheny] according to the scheme : ‘NH, —> :AsO(OH), —> *AsCl, —> -AsMe,. 
In the first stage, the pure diazoborofluoride was used instead of the customary aqueous 
diazo-solution. This has the advantage of avoiding all such impurities as phenols and 
nitrous acid. In contrast with the analogous nitrogen derivative, the arsonium iodide was 
highly crystalline, as were the d-camphor-10-sulphonate and the d-«-bromocamphor-r- 
sulphonate. 

When the arsonium camphorsulphonate was crystallised, definite indications of 
resolution were obtained (see p. 1591). Decomposition of a crop having [«]3,, +- 19-2° gave 
an arsonium iodide, which had «3%, + 0-09° and aff, + 0-12° (7 = 2; c= 1-711) in 50% 
aqueous acetone but became inactive after being heated in the solution at 100° for 2 hours : 
the activity, therefore, was not due to the presence of camphorsulphonate. 

Sharp separation of the arsonium camphorsulphonate could not be effected, and the 
arsonium bromocamphorsulphonate was therefore examined: the polarimetric behaviour 
of this substance on crystallisation is described on p. 1592. The d/-d-salt was never obtained 
during fractional crystallisation, but was always produced when any of the actual crops was 
caused to racemise in aqueous solution at 100°. The racemisation of the salts rules out 
the possibility that the differences in rotation of the crops were due to changes within the 
bromocamphorsulphonic ion (King, J., 1919, 115, 976; Kipping and Tattersall, J., 1903, 
83, 918). The silver bromocamphorsulphonate used was made from pure bromocamphor ; 
the intermediate ammonium d-«-bromocamphor-x-sulphonate was crystallised eight times 
from water, and had [a]? + 90-2° in water (Pope and Read, J., 1910, 117, 2199, give 
+ 90-02°). 

The melting points of the crops having [«]5%,, + 46-8° + 0-2° were sharp, whilst those 
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of intermediate crops had a range of several degrees. This indicates that the crops of 
highest rotation were specimens of d-arsonium d-bromocamphorsulphonate. 

Treatment of a specimen of this d-d-salt having [«]?, + 47-0° with potassium iodide 
gave an arsonium iodide having [«]5%, + 1-5° in absolute alcohol, gradually becoming 
inactive at room temperature. Decomposition of another specimen of bromocamphor- 
sulphonate having [«]?, + 46-6° gave an iodide with [«]?%, + 1-0° and [a], + 1-2°, 
completely racemising in alcoholic solution over-night. 

The small value of the specific rotation of the iodide corresponds with the small difference 
in rotation between the dl-arsonium and the purest specimen of the d-arsonium bromo- 
camphorsulphonate, and is of the same order as that ([«]p + 1-8°) observed for 
2:4:6:2’: 4’: 6’-hexachlorodiphenyl-3 : 3’-dicarboxylic acid by White and Adams 
(J. Amer. Chem. Soc., 1932, 54, 2107). 


EXPERIMENTAL. 


2-Nitrobenzidine.—The following method, improving that of Tauber (Ber., 1894, 27, 2628) 
gave uniformly good results if pure benzidine was used. The latter (92 g.) was dissolved in 
860 c.c. of 100% sulphuric acid at 10—15°. Finely ground potassium nitrate (50-5 g.) was 
added with careful stirring within } hour, the temperature being kept at 15—20°. After a 
further }—1 hour, the solution was poured into 1500 c.c. of water, and the resulting solution 
into 6 1. of steam-heated boiling water. The clear solution was cooled rapidly. Separation of 
2-nitrobenzidine sulphate began at about 35° and was complete at 20°. The sulphate was 
filtered off; 30-g. portions of the moist salt were ground to a stiff paste with water, and excess 
of concentrated aqueous ammonia added, with grinding. The base was freed from sulphate by 
dissolving it in alcohol containing a little ammonia, and pouring the solution into a large volume 
of water. The yield of pure base was 107 g. (93-5%). 

2-Nitro-NN’-dicarbethoxybenzidine.—A boiling solution of 100 g. of 2-nitrobenzidine 
and 132 g. of diethylaniline in 1 1. of alcohol was gradually treated with 114 g. of ethyl chloro- 
formate. Boiling was continued for 10 minutes after the vigorous reaction was complete. The 
solution was then diluted with water: the diurethane, which crystallised in theoretical yield, 
had m. p. 190—192° (corr.) after recrystallisation from ethyl alcohol. Le Févre and Turner 
(J., 1928, 252) gave 187—188°. 

3-Bromo-2'-nitro-NN’-dicarbethoxybenzidine.—Bromine (23-3 c.c.) (1 mol. excess), dissolved 
in 1 vol. of glacial acetic acid, was added to a hot (100°) solution of 80 g. of the diurethane and 
37 g. of anhydrous sodium acetate in 1090 c.c. of glacial acetic acid. The mixture was boiled 
for 10 minutes, and poured into a large bulk of water; the bromo-diurethane, which crystallised, 
had m. p. 145—147° after recrystallisation from alcohol (87 g.; 90% yield) (Found: Br, 18-0. 
C,,H,,0,N,Br requires Br, 17-7%). 

3-Bromo-2'-nitrobenzidine.—Water (250 c.c.) was cautiously added to a solution of 100 g. 
of the diurethane in 500 g. of concentrated sulphuric acid. The temperature rose to 150°, and 
was maintained for 10—15 minutes; the hydrolysis was then complete. The solution was 
poured into water, and concentrated aqueous ammonia added. The base separated as brick-red 
needles, and crystallised from alcohol in deep golden-red needles, m. p. 155—156° (corr.) (yield, 
80%) (Found: Br, 26-3. C,,H,).O,N,Br requires Br, 25-9%). 

Deamination of 3-Bromo-2'-nitrobenzidine.—(a) The base (21 g.) was heated with a mixture 
of 150 g. of concentrated sulphuric acid and 75 c.c. of water. The cool paste obtained was 
treated with ice and solid sodium nitrite (20 g.) at — 5°; 75..c. of 20% oleum were added, the 
temperature being kept below 30°. The product was gradually added to 1 1. of boiling ethyl 
alcohol, and the solution boiled under reflux for 2 hours. The solution was diluted with a large 
excess of water, and extracted with ether. The extract was washed with alkali and with water 
and dried over calcium chloride, and the solvent removed. The residue was distilled under 
reduced pressure (b. p. 210°/15 mm.). Yield, 10 g. (52%). 

(b) The base (60 g.) was heated with 120 c.c. of concentrated hydrochloric acid for an hour 
on the water-bath, i.e., until it was completely converted into the hydrochloride. The paste 
was cooled, ice added, and a solution of 27 g. of sodium nitrite in 60 c.c. of water stirred in (10 
minutes, addition under surface), ice being added as required. The diazo-solution was filtered, 
and hydroborofluoric acid added. The diazoborofluoride was filtered off and dried in a vacuum 
over sulphuric acid (yield, 96 g.). It was added gradually to a boiling mixture of 10 parts of 
absolute ethyl alcohol and 2 parts of concentrated sulphuric acid, and the solution then boiled 
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for 10 minutes, treated with excess of brine, and worked up asin (a). Yield of pure product, 
42 g. (78%). 

3-Bromo-2'-nitrodiphenyl crystallises from absolute alcohol in pale yellow prisms, m. p. 53— 
54° (corr.) (Found: Br, 28-8. C,,H,O,NBr requires Br, 28-8%). Its constitution rests on that 
of the bromonitro-diurethane, which can hardly be in doubt (2-bromo-2’-nitrodiphenyl has m. p. 
66—67°; Mascarelli and Gatta, Atti R. Accad. Lincei, 1931, 18, 887). 

3-Bromo-2'-aminodiphenyl._—Bromonitrodiphenyl (60 g.) was dissolved in 60 c.c. of hot 
glacial acetic acid and treated with a solution of stannous chloride (240 g.) in concentrated hydro- 
chloric acid. When the reaction was over, the solution was poured into an aqueous solution of 
sodium hydroxide (390 g.), and the whole extracted with ether. The solvent was removed, and 
the residue distilled under reduced pressure. Yield of pure base, 51 g. 3-Bromo-2'-amino- 
diphenyl, b. p. 195°/11 mm., crystallises from aqueous ethyl alcohol in elongated hexagonal 
plates, m. p. 69—70° (corr.) (Found: Br, 32-6. C,,H,)NBr requires Br, 32-2%). Reduction 
of the bromonitrodipheny] in aqueous alcohol with iron and a trace of acid was less satisfactory 
than the method described. 

3-Bromo-2'-dimethylaminodiphenyl._—3-Bromo-2’-aminodiphenyl (25 g.) was methylated 
with 150 c.c. of methyl sulphate and aqueous alkali. The product had b. p. 176—178°/9 mm., 
or 187—188°/12 mm., and crystallised from alcohol in long prismatic needles or in hexagonal 
plates, m. p. 47—48° (Found: Br, 29-4. C,,H,,NBr requires Br, 29-0%). The chloroplatinate 
formed irregular crystals (Found: Pt, 20-2. C,,H,,N,Cl,Br,Pt requires Pt, 20-3%). 

3’-Bromodiphenylyl-2-trimethylammonium Iodide.—A solution of 5 g. of the pure tertiary 
base in 10 c.c. of freshly purified methyl iodide was heated in a sealed tube at 175° for 8 hours, 
and allowed to cool over-night. The viscous product, when rubbed with anhydrous ether, 
became a powder, which was dissolved in absolute alcohol, and precipitated with anhydrous 
ether. The deliquescent methiodide obtained could not be further purified, and decomposed 
on heating (Found : I, 29-6. C,;H,,NBrI requires I, 30-4%). 

3’-Bromodiphenylyl-2-arsonic Acid.—The bromoaminodiphenyl (43 g.) was heated with 
110 c.c. of concentrated hydrochloric acid, the product cooled, and a concentrated aqueous 
solution of sodium nitrite (15 g.) stirred in, ice being added as required. The filtered diazo-- 
solution was treated with hydroborofluoric acid, and the precipitated diazoborofluoride filtered 
off and washed. It was made into a paste with water, and added at room temperature to a 
solution of 35 g. of arsenious oxide and 100 g. of anhydrous sodium carbonate in 600 c.c. of 
water, the mixture being well stirred. Copper sulphate solution was added occasionally. The 
reaction was vigorous. Ether was added towards the end and the mixture was heated at 50° 
for 5 minutes. Aqueous ammonia was then added till the green precipitate redissolved, the 
solution was cooled, and a lump of brownish tar squeezed and removed. Concentrated hydro- 
chloric acid was added to the filtered solution, and the arsonic acid was precipitated. The yield 
was variable, and never exceeded 13 g. The arsonic acid crystallises from aqueous alcohol in 
needles, m. p. 189—190° (corr.) (Found: Br, 22-8. C,,H,,O;BrAs requires Br, 22-4%). 

3'-Bromodiphenylyl-2-irimethylarsonium Iodide.—The arsonic acid (12-6 g.) was reduced in 
the usual manner with sulphur dioxide, hydrochloric acid, and iodine, and the dichloroarsine 
taken upin benzene. The benzene solution was dried with calcium chloride, freed from hydrogen 
chloride by aeration, and added to methylmagnesium iodide made from 56 g. of methyl iodide 
and 20 g. of magnesium (with decantation). When the vigorous reaction was over, the mixture 
was decomposed with water and hydrochloric acid, the ether—benzene layer washed with water 
and dried over calcium chloride, and the solvent removed. The residual oil was heated under 
reflux for 1 hour with a little absolute alcohol and excess of methyl iodide. The solution was 
cooled, and dry ether added; 15 g. of methiodide were then precipitated (89% yield, calc. on 
arsonic acid used). It crystallised from ethyl alcohol-ether in prisms, m. p. 183—184° (corr.) 
(Found : I, 26-5. C,;H,,BrlAs requires I, 26-5%). 

3'-Bromodiphenylyl-2-trimethylarsonium d-Camphor-10-sulphonate.—The arsonium iodide 
(13-5 g.) was treated in boiling ethyl-alcoholic solution with silver d-camphor-10-sulphonate 
(9-6 g.); after removal of the silver iodide, and evaporation of the solvent, 16-1 g. of the arsonium 
camphorsulphonate were obtained. It crystallised from acetone-light petroleum (b. p. 40—60°) 
in thin hexagonal plates. Successive crops had [a], + 19-2° to + 21-8° in ethyl alcohol. 
Repeated crystallisation of these from acetone—light petroleum gave crops the specific rotation 
of which was + 19-2°, varying by very small amounts to a maximum of + 21-8° [Found for a 
specimen having [a], + 19-6° and m. p. 219—220° (corr.) : C, 51-7; H, 5:7. C,;H3;,0,BrSAs 
requires C, 51-4; H, 5-5%]. 
3’-Bromodiphenylyl-2-trimethylarsonium d-a-Bromocamphor-r-sulphonate.—Interaction of 
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7-2 g. of the arsonium iodide with 6-3 g. of silver bromocamphorsulphonate in boiling absolute 
ethyl-alcoholic solution, followed by filtration and evaporation, gave 9-3 g. of arsonium bromo- 
camphorsulphonate. This was dissolved in benzene, containing a very little alcohol to aid 
solution, and light petroleum (b. p. 60—80°) was added. Rosettes of fine needles (7 g.) separated, 
and these, on recrystallisation, gave 4 g., and on one further crystallisation gave two crops, one 
(2-8 g.) having [a], + 47-0° in water (1 = 2; c = 2-081; a = + 1-955°) and a second (0-5 g.) 
having [a]}, + 44:4° (}= 2; c= 2-038; « = + 1-81°). Further recrystallisation did not 
raise the specific rotation of the crop having [«]?;, + 47-0°. When the rotation solution was 
heated at 100° for 1 hour and for 2} hours, the rotation fell to + 42-5° (difference in observed 
angle, 0-185°) and + 41-9° respectively. Similarly the + 44-4° crop underwent racemisation 
to + 41-3° (difference in observed angle, 0-12°). 

The resolution was repeated with 6 g. of initial material and similar results were obtained. 

In another series of experiments, the solvent was changed. 3G. of arsonium bromocamphor- 
sulphonate were crystallised from acetone, and 0-4 g. obtained having [a]?), + 45°5°. Addition 
of benzene gave 0-8 g. having [a], + 45-3°, and, from the mother-liquor, on addition of light 
petroleum (b. p. 60—80°), were obtained 1-3 g., which, after recrystallisation from acetone- 
benzene, had [«]?%, + 46-6°. The resolution was twice repeated on larger amounts of material, 
acetone, benzene, and light petroleum being used in this manner. A better separation was 
effected than with the alcohol mixture. The highest rotation obtained was [«]2%, + 46-6°, and 
the lowest + 43-0°. These, and all intermediate crops, underwent racemisation in aqueous 
solution at 100° to give [a], + 41-5° + 0-4°, which is therefore the specific rotation of the 
dl-arsonium d-bromocamphorsulphonate. In view of the small differences in rotation between 
the various crops, all polarimetric readings were made independently by each of us, and, as a 
further check, constancy of the dispersion ratio [«]}%;, /[«]?%, was demanded. The pure partial 
racemate was never actually isolated as a crop, nor was there any sign of the /-d-salt. 

d-3’-Bromodiphenylyl-2-trimethylarsonium d-a-bromocamphor-n-sulphonate crystallises in 
rosettes of needles, m. p. 184—185°, and has [a], + 46-8° + 0-2° in water, and [«]2%, + 54-4° + 
0-2°. It is readily soluble in water, ethyl alcohol, and hot acetone and sparingly soluble in benzene 
and light petroleum (Found: C, 45-3; H, 4-9. C,;H;,0,Br,SAs requires C, 45-3; H, 4:7%). 
An intermediate crop having [«]%, + 43-0° had m. p. 180—183° (Found: C, 45-2; H, 5-0%). 

2:4: 6-Trimethylphenyldimethylarsine.—A filtered Grignard reagent prepared from 20 g. of 
bromomesitylene and 5 g. of magnesium was treated with an ethereal solution of 23 g. of dimethyl- 
iodoarsine in an atmosphere of hydrogen. Vigorous interaction occurred, and when it was over, 
the mixture was decomposed with water and dilute hydrochloric acid, the ethereal layer separ- 
ated, washed three times with dilute hydrochloric acid, then with water, then twice with 25% 
sodium hydroxide solution, and finally with water, and dried over potassium carbonate, and the 
solvent removed. The residue, distilled under reduced pressure, gave 9 g. of colourless, highly 
refractive liquid, b. p. 138—139°/20 mm. The arsine could not be freed from traces of bromo- 
mesitylene (Found: As, 30-9. C,,H,,As requires As, 33-5%). 

The arsine combined with cold methyl iodide in a few minutes, and also, though more slowly, 
with ethyl iodide. At 100° the reaction with ethyl iodide was rapid. 

The methiodide, colourless leaflets from alcohol, or alcohol-ether, has m. p. 219—220° (corr.) 
(Found : I, 34-9. C,,H, IAs requires I, 34-7%}. The ethiodide, colourless leaflets from alcohol- 
ether, has m. p. 174—175° (corr.) (Found: I, 33-5. C,,;H,,IAs requires I, 33-4%). 
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378. Polycyclic Aromatic Hydrocarbons. Part XII. The Orientation 
of Derivatives of 1:2-Benzanthracene, with Notes on the Preparation 
of Some New Homologues, and on the Isolation of 3:4:5:6- 
Dibenzphenanthrene. 


By J. W. Cook. 


METHODS of orientation of derivatives of 1 : 2-benzanthracene are becoming increasingly 
necessary, and the method used in the case of 5: 6-cyclopenteno-1 : 2-benzanthracene 
(J., 1931, 2529) has been extended. Thus, oxidation of both 6: 7-dimethyl- and 6: 7- 
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cyclopenteno-1 : 2-benzanthraquinones led to an anthraquinonetetracarboxylic acid which 
differed from anthraquinone-l : 2 : 5 : 6-tetracarboxylic acid and also from anthraquinone- 
1:2:7: 8-tetracarboxylic acid, which was prepared by oxidation of 1:2:7: 8-dibenz- 
arthraquinone (J., 1932, 1472). These experiments provide conclusive proof of the cor- 
rectness of the structures assigned to 6 : 7-dimethyl-l : 2-benzanthracene (J., 1932, 471) 
and 6 : 7-cyclopenteno-1 : 2-benzanthracene (J., 1931, 2529), both of which hydrocarbons 
have cancer-producing activity,* although they are considerably less potent than the 
5 : 6-cyclopenteno-compound (compare Cook, Proc. Roy. Soc., 1932, B, 111, 485; 1933, 
113, 275). The tetracarboxylic acids were all very high-melting substances and for com- 
parative purposes their tetramethyl esters were employed. 

By oxidation of various monomethy] derivatives of 1 : 2-benzanthraquinone a set of 
reference samples of trimethyl anthraquinone-1 : 2 : x-tricarboxylates has been obtained. 
The following esters (melting points in parentheses) are now available: 1 : 2- (208°) ; 
1:2: 3- (184—185°) ; 1:2: 5- (212—213°) ; 1:2: 6- (233-5—234-5°) ; 1:2: 7- (204—204-5°) ; 
1:2:5:6- (292—293°); 1:2:6:7- (193—194°); 1:2:7:8- (237—239°). These have 
been used in determining the orientation of acetylbenzanthracenes (Cook and Hewett, 
this vol., p. 1408) and will also be of service in elucidating the constitution of the dehydro- 
genation products of certain bile acid derivatives (compare Cook and. Haslewood, Chem. 
and Ind., 1933, 52, 758). ; 

The formation of 4-methyl-1 : 2-benzanthracene by pyrolysis of 1-benzoyl-2 : 3-dimethy]l- 
naphthalene was described by Fieser and Peters (J. Amer. Chem. Soc., 1932, 54, 3742), 
who gave the m. p. as 107° (picrate, 119—120°). It has now been found that the pure 
hydrocarbon has m. p. 124-5—125-5° (picrate, 149—150°), and it should be stated again 
that the principal constituents of the crude mixtures of benzanthracene hydrocarbons 
formed by this type of reaction can be obtained pure only by repeated crystallisation of 
the picrates from benzene (J., 1932, 456); the use of alcohol as a solvent is ineffectual. 
The isolation of 4-methyl-1 : 2-benzanthracene in this experiment was advanced by Fieser 
and Peters as evidence against the generalisation of the present author that a-methyl 
groups are normally eliminated during the pyrolysis. But it had already been pointed 
out (Cook, J., 1930, 1088) that this loss of «-methyl groups is not universal. The modified 
generalisation of Fieser and Peters is certainly inadequate, and for the present there are 
insufficient data to warrant definition of the circumstances under which elimination does 
not occur. 

A similar pyrolytic experiment with 1l-« (or 8)-naphthoyl-2 : 3-dimethylnaphthalene led 
to a crude hydrocarbon mixture from which 4-methyl-1 : 2 : 5 : 6-dibenzanthracene was 
isolated by purification through its picrate. The formation of this hydrocarbon from the 
a-naphthyl ketone is due to a molecular rearrangement, the nature of which has already 
been discussed (J., 1931, 487). ’ 

The suggestion (J., 1932, 461) that the yellow colour of the hydrocarbons obtained by 
pyrolysis of derivatives of 1-benzoyl-2-methylnaphthalene is due to slight contamination 
with orange derivatives of 2 : 3-benzanthracene formed by migration of the benzoyl group 
has now received experimental verification by the isolation of 2 : 3-benzanthracene as one 
of the products of pyrolysis of 1-benzoyl-2 : 3-dimethylnaphthalene (migration of benzoyl 
with elimination of one methyl group). ; 

The 5-methyl-1 : 2-benzanthracene necessary for the production of anthraquinone- 
1 : 2 : 5-tricarboxylic acid was prepared by selenium dehydrogenation of the crude carbinol 
arising from the interaction of methylmagnesium iodide and 5-keto-5 : 6 : 7 : 8-tetrahydro- 
1 : 2-benzanthracene | (Haworth and Mavin, this vol., p. 1012). 1 : 2-Benzanthracene 
was the only hydrocarbon which could be isolated in the pure state when a similar experi- 
ment was performed with isopropylmagnesium bromide. 

Attempted oxidation of 1-f-toluoyl-2-methylnaphthalene and 1-f-naphthoyl-2 : 6- 


* A sample of 6 : 7-dimethyl-1 : 2-benzanthracene (m. p. 166—168°) gave 3 cancers and 1 papilloma 
in 10 mice in 15 months. The pure compound (m. p. 173—174°) has at the present time given only 
papillomata in 14 months, but a heavy death rate had reduced the original 20 mice to 5 after one year. 

¢ Dr. R. D. Haworth was kind enough to supply complete details of the preparation of this ketone 
some time before his paper was published. 
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dimethylnaphthalene with aqueous selenious acid at 240° (compare J., 1932, 1476) gave 
dark-coloured amorphous acidic products, whereas 1-«-naphthoyl-2 : 6-dimethylnaphth- 
alene gave a non-acidic crystalline substance, probably 1-«-naphthoyl-6-methyl-2-naphth- 
aldehyde. These and other experiments appeared to indicate that this type of reaction 
would not furnish a convenient route to carboxy-derivatives of 1 : 2-benzanthracene and 
1 : 2: 5: 6-dibenzanthracene. 

The loss of carcinogenic activity consequent on the reduction of 1 : 2: 5: 6-dibenz- 
anthracene to an octahydro-derivative (J., 193], 498; Proc. Roy. Soc., 1932, B, 111, 494) 
made it desirable to study less highly reduced compounds, and it has been found that 
9 : 10-dthydro-1 : 2 : 5 : 6-dibenzanthracene (1) may be obtained by catalytic hydrogenation 
of 1: 2:5: 6-dibenzanthracene in presence of nickel. This hydrocarbon (0-3% solution 
in benzene) has been applied to a series of 10 mice, of which 7 were still alive after 6 months, 
and has given one epithelioma; only one mouse, which bears a papilloma, remains alive 
after 11 months. Reduction to the dihydro-compound therefore appears to lessen the 
carcinogenic activity of 1 : 2: 5: 6-dibenzanthracene, but does not destroy it. The con- 
stitution of the dihydro- -compound follows from its oxidation to 1 : 2 : 5 : 6-dibenz-9 : 10- 
anthraquinone (II), which is accompanied by appreciable amounts of a red o-quinone. 
The latter substance is also formed to a very minor extent by the chromic acid reer 
of 1:2:5:6-dibenzanthracene. It is a monoquinone and hence must be 1:2:5:6- 
dibenz-3 : 4-anthraquinone (III). 
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The formation of the 3 : 4-quinone by siiaiial of 1: 2:5: 6-dibenzanthracene is of 
interest, for this is the first example in which there is any evidence that oxidation of a 
phenanthrene ring-systern can occur while there is still an anthracene system unattacked 
in a molecule which contains both systems. Nevertheless, it remains true that the an- 
thracenoid system is the more reactive, for the 9 : 10-quinone is the predominating oxidation 
product. 

Eleven of the fifteen hydrocarbons consisting of five benzene rings condensed in the 
molecule have already been described in the literature and tested in this Institute for 
carcinogenic properties. The remaining four compounds would all contain the ring- 
system of 3:4-benzphenanthrene, which, moreover, is the simplest hydrocarbon yet 
found to have pronounced cancer-producing activity, and is also the only carcinogenic 
hydrocarbon yet encountered which is not derived from 1 : 2-benzanthracene. 

Weitzenbéck and Klinger (Monatsh., 1918, 39, 315) claimed to have isolated one of 
the four remaining pentacyclic hydrocarbons from the mother-liquors of the crystallisation 
of 1:2:5:6-dibenzanthracene, which they synthesised from p-phenylenediacetic acid 
and o-nitrobenzaldehyde by the well-known Pschorr series of reactions. They were 
unable to obtain sufficient of the dibenzphenanthrene for analysis and complete characteris- 
ation, and experiments now recorded have shown that their material was extremely impure. 

In the first instance, an attempt was made to separate the mixture of 1: 2:5: 6- 
dibenzanthracene-4 : 8-dicarboxylic acid and 3: 4: 5: 6-dibenzphenanthrene-1 : 8-dicarb- 
oxylic acid which arises in the Weitzenbéck and Klinger synthesis, making use of the 
method of fractional crystallisation of salts which proved successful in an analogous case 
(Cook, J., 1931, 2525). This attempt did not succeed, but it was found possible to extract 
from the mixture of acids a fraction which consisted chiefly of the dibenzphenanthrene 
acid (IV). This acid, which was oxidised to a characteristic diguinone (V), was decarb- 
oxylated by heat to yield a product from which pure 3 : 4 : 5 : 6-dibenzphenanthrene (V1) 
was readily obtained. It is of interest that the sparingly soluble diquinone (V) was not 
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formed by oxidation of the hydrocarbon. This oxidation led to a mixture of quinones 
from which no pure constituent could be isolated, but analysis of the mixture of phenazine 
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derivatives arising from interaction with o-phenylenediamine showed that the mixture 
contained only monoquinones. 

If 3: 4:5: 6-dibenzphenanthrene has any carcinogenic activity, it is of a very low 
order, for the hydrocarbon (0-3% solution in benzene) has now been applied to a series of 
10 mice for 18 months and 2 of the mice are still alive (6 were alive after 1 year) but so far 
only one transient papilloma has appeared. 








EXPERIMENTAL. 


Oxidation of the benzanthraquinone derivatives to anthraquinonepolycarboxylic acids, 
with subsequent conversion through the silver salts into the methyl esters, was carried out 
exactly as described for the preparation of tetramethyl anthraquinone-1 : 2 : 5 : 6-tetracarb- 
oxylate (J., 1931, 2531). Except where otherwise stated, the esters formed pale yellow, micro- 
crystalline powders. The following compounds were obtained :— 

Dimethyl anthraquinone-1 : 2-dicarboxylate, pale yellow needles, from ethyl acetate, m. p. 
208° (Found: C, 66-65; H, 3-8. C,,H,,0, requires C, 66-65; H, 3-7%). Trimethyl anthra- 
quinone-1 : 2: 3-tricarboxylate, m. p. 184—185°, from benzene-cyclohexane (*Found: C, 
62-9; H, 3-8. C,9H,,O, requires C, 62-8; H, 3-7%); 1:2: 5-tricarboxylate, m. p. 212—213°, 
from benzene (*Found: C, 62-8; H, 3-6%); 1:2: 6-tricarboxylate, m. p. 233-5—234-5°, from 
xylene (*Found: C, 63-0; H, 3-794); 1:2: 7-iricarboxylate, m. p. 204—204-5°, from chloro- 
form-alcohol (*Found: C, 62-6; H, 3-6%). Tetramethyl anthraquinone-1 : 2: 6 : 7-tetra- 
carboxylate. (a) The ester obtained from 6: 7-dimethyl-1 : 2-benzanthraquinone had m. p. 
188—190°, from benzene (*Found: C, 60-7; H, 3-7. C,H 0,9 requires C, 60-0; H, 3-7%). 
(b) The ester from 6 : 7-cyclopenteno-1 : 2-benzanthraquinone had m. p. 193—194°, and did not 
depress the m. p. of the foregoing ester prepared from the dimethyl compound (*Found: C, 
60-7; H, 3-859). Tetramethyl anthraquinone-1 : 2: 7 : 8-tetracarboxylate formed small rosettes 
of yellow needles, m. p. 237—-239°, from xylene (*Found : C, 60-5; H, 3-8%). 

4-Methyl-1 : 2-benzanthracene (compare Fieser and Peters, Joc. cit.).—1-Benzoyl-2 : 3- 
dimethylnaphthalene (30 g.) was heated at 415° for 5 hours, and the residue in the flask dis- 
tilled ina vacuum. The fraction, b. p. 230—280°/10 mm., was crystallised from acetic acid, 
and the yellow product triturated with cold benzene. A small amount of material remained 
undissolved which, after recrystallisation from xylene, formed deep orange plates, m. p. 335°, 
alone or mixed with authentic 2: 3-benzanthracene. The benzene extract yielded 5 g. of 
crystalline substance, which was combined with picric acid (5 g.); the picrate, recrystallised 
four times from benzene, had a constant m. p. 149—150° (Found: C, 63-8; H, 4:3. 
Ci9H,4,CgH,0,N; requires C, 63-7; H, 3-6%). This picrate, when shaken in benzene solution 
with dilute aqueous sodium carbonate, gave 4-methyl-1:2-benzanthracene (0-4 g.), which 
crystallised from alcohol in colourless needles, m. p. 124-5—125-5° (Found: C, 94-1; H, 5-7. 
C,,H,, requires C, 94-2; H, 5-8%). Oxidation with sodium dichromate in boiling acetic acid 
gave 4-methyl-1 : 2-benzanthraquinone, m. p. 168—169°, depressed by 1 : 2-benzanthraquinone 
(Fieser and Peters give m. p. 167°). Attempted conversion of this quinone into trimethyl 
anthraquinone-1 : 2 : 4-tricarboxylate gave a product, m. p. 171—178°, which was shown by 
analysis to be veryimpure. There was insufficient for further purification. 

5-Methyl-1 : 2-benzanthracene.—The dehydration of y-(3-phenanthryl)butyric acid (Haworth 
and Mavin, /oc. cit.) (28 g.) was effected by heating with anhydrous stannic chloride (28 c.c.) 
at 100° for 14 hours. After cooling, the clear liquid was decanted, and the solid residue dis- 
solved in acetone, treated with hydrochloric acid, and then extracted with benzene. The 
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benzene extract was repeatedly washed with hydrochloric acid, then with dilute sodium 
carbonate solution, concentrated, and treated with alcohol. The 65-keto-5: 6:7: 8-tetra- 
hydro-1 : 2-benzanthracene which crystallised was sufficiently pure for the next stage. The 
yield, after making allowance for the acid recovered from the sodium carbonate extract, 
was 75%. 

The finely powdered ketone (3-5 g.) was added gradually to an ice-cold Grignard solution 
prepared from methyl iodide (1-25 c.c.), magnesium turnings (0-5 g.), and anhydrous ether 
(20 c.c.). After being kept at room temperature for 2 hours, the mixture was decomposed 
with ice and ammonium chloride; the resinous carbinol which resulted was heated with selenium 
(1-5 g.) at 300—320° for 20 hours. The benzene extract of the product was distilled and the 
solid distillate (b. p. 220°/4 mm.; 2-6 g.) was treated in benzene solution with an equal weight 
of picric acid. After 2 recrystallisations from benzene, 5-methyl-1: 2-benzanthracene picrate 
formed dark red needles, m. p. 163—163-5° (*Found: N, 8-8. CygH,,,C,H,O,N, requires 
N, 89%). The hydrocarbon, obtained as colourless leaflets, m. p. 157-5—158-5° (from alcohol) 
(*Found: C, 94-2; H, 5-8. C,,H,, requires C, 94-2; H, 5-8%), was oxidised by sodium di- 
chromate in boiling acetic acid to 5-methyl-1 : 2-benzanthraquinone, long slender orange-yellow 
needles, m. p. 173-5—174-5° (from acetic acid) (*Found: C, 83-9; H, 4-5. Cy, 9H,,O, requires 
C, 83-8; H, 4-4%). 

1-a-Naphthoyl-2 : 3-dimethylnaphthalene—Anhydrous aluminium chloride (50 g.) was 
added to an ice-cold mixture of «-naphthoyl chloride (50 g.), 2 : 3-dimethylnaphthalene (50 g.), 
and carbon disulphide (150 c.c.). After being kept at 0° for 5 hours, the product was decom- 
posed with ice, and the ketone isolated in the usual way (31 g., after crystallisation from methyl 
ethyl ketone). Recrystallisation from benzene gave a yellowish crystalline powder, m. p. 
191° (Found: C, 89-1; H, 6-0. C,,H,,O requires C, 89-0; H, 5-85%). 

1-8-Naphthoyl-2 : 3-dimethylnaphthalene (62 g.), similarly prepared from §-naphthoyl 
chloride (50 g.), formed a colourless crystalline powder (from acetic acid), m. p. 129—130° 
(Found : C, 89-0; H, 6-0%). 

4-Methyl-1 : 2: 5 : 6-dibenzanthracene was formed when either of the foregoing ketones 
(30 g.) was heated at 445° for 2 hours, and the residue in the retort distilled at 2—3 mm. The 
distillate, b. p. 260—300°, was recrystallised from benzene and then had m. p. 172—175° (3-4 
g.). This was decolorised with maleic anhydride (compare Proc. Roy. Soc., 1932, B, 111, 469) 
and then treated in benzene with picric acid. Fractional crystallisation from benzene gave the 
dipicrate of 4-methyl-1 : 2: 5 : 6-dibenzanthracene, light red needles, m. p. 200—201° (Found : 
C, 56:0; H, 4-0. C,,;H,,.,2C,H,O,N, requires C, 56-0; H, 30%). The hydrocarbon formed 
colourless needles, m. p. 184—185°, from benzene (Found: C, 94-6; H, 5-6. C,,;H,, requires 
C, 94:5; H, 55%). : 

1-a-Naphthoyl-6-methyl-2-naphthaldehyde.—A mixture of 1-a-naphthoyl-2 : 6-dimethyl- 
naphthalene (6 g.) (J., 1931, 492), selenious acid (15 g.), and water (15 c.c.) was heated in a 
sealed tube at 220° for 5 hours. After removal of a small amount of acidic substance, the 
product was crystallised from methyl ethyl ketone and then from benzene. The aldehyde 
(1-5 g.) formed a yellowish crystalline powder, m. p. 185—186° (Found: C, 85-3; H, 5-0. 
C,3H ,,O, requires C, 85-2; H, 5-0%). Probably it is the methyl group adjacent to the carbonyl 
group which was oxidised (compare J., 1932, 1476), but this is not proved. 

9 : 10-Dihydro-1 : 2: 5 : 6-dibenzanthracene (I).—A solution of 1: 2: 5: 6-dibenzanthracene 
(2 g.) in tetralin (300 c.c.) was hydrogenated in the presence of nickel at 205° and 200 Ib./sq. 
in., in a laboratory plant supplied by Technical Research Works, Ltd. The solvent was re- 
moved in steam, and the residue treated with picric acid in benzene. The very sparingly 
soluble 1: 2:5: 6-dibenzanthracene picrate separated and was collected. The filtrate was 
freed from picric acid, the solvent removed, and the residue (0-35 g.) recrystallised from cyclo- 
hexane and then from acetic acid. 9: 10-Dihydro-1 : 2: 5 : 6-dibenzanthracene formed colour- 
less leaflets, m. p. 196—198° (*Found : C, 94-0; H, 5-6. C,,H,, requires C, 94-2; H, 5-8%). 

1: 2:5: 6-Dibenz-3 : 4-anthraquinone (III).—(a) A suspension of pure colourless 1 : 2: 5: 6- 
dibenzanthracene (9-5 g.) in acetic acid (200 c.c.) was boiled for 3 hours with sodium dichromate 
(20g.). The crude oxidation product (10-1 g.; m. p. 232—240°), consisting chiefly of the 9 : 10- 
quinone (m. p. 248—250°), was recrystallised from boiling xylene. A small amount of dark 
red material remained undissolved and was sublimed in a vacuum at 300° and recrystallised 
from nitrobenzene; it formed dark red, silky needles, m. p. 326—327° (decomp.), which gave 
a bright blue solution in concentrated sulphuric acid (*Found: C, 84-8; H, 4:0. CggH,,0, 
requires C, 85-7; H, 39%). This o-quinone gave an azine when its suspension in acetic acid 
was boiled with o-phenylenediamine. The product crystallised from nitrobenzene as a yellow 
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microcrystalline powder which decomposed above 300° (*Found: N, 8-0. C,,H,,¢N, requires 
N, 7:-4%). 

(b) Oxidation of 9: 10-dihydro-1 : 2: 5: 6-dibenzanthracene with sodium dichromate in 
boiling acetic acid gave a mixture of 1: 2: 5: 6-dibenz-9 : 10-anthraquinone and 1: 2: 5: 6- 
dibenz-3 : 4-anthraquinone, identified by comparison with authentic samples. The proportion 
of o-quinone (10% and more) was appreciably greater than that arising from the oxidation 
of 1:2: 5: 6-dibenzanthracene. 

3:4:5:6-Dibenzphenanthrene (V1).—The crude mixture of acids (32 g.) resulting from 
the Pschorr reaction with di-«-o-aminobenzylidene-p-phenylenediacetic acid (Weitzenbéck and 
Klinger, Joc. cit.) was extracted for 3 hours with boiling alcohol (1 1.)._ The insoluble residue 
(8 g.) was dissolved in N-sodium hydroxide solution (50 c.c.) and the crystals which separated 
were twice recrystallised from water. This procedure resulted in removal of coloured im- 
purities, but examination of the oxidation products showed that the crystalline material was 
a mixture of sodium salts. The high solubility of this mixture precluded further attempts at 
separation. For oxidation, a suspension in acetic acid (0-4 g. in 20 c.c.) was boiled for 3} hours 
with sodium dichromate (2-5 g.). After cooling, the dark red solid in suspension (0-15 g.) was 
collected and recrystallised from nitrobenzene (100 c.c.). 3:4:5: 6-Dibenzphenanthra- 
1: 2:7: 8-diguinone (V) formed dark red needles, m. p. above 360°, which gave an emerald- 
green solution in concentrated sulphuric acid (*Found: C, 77-5; H, 3-1. C,H,O, requires 
C, 78:1; H, 30%). Its diazine, formed from o-phenylenediamine, crystallised in microscopic 
yellow needles, m. p. above 360°, and gave a magenta solution in sulphuric acid. This com- 
pound was too sparingly soluble to be recrystallised and was washed with boiling benzene 
(*Found: N, 10-7. C3,H,,N, requires N, 11-7%). 

The acetic acid liquors from the oxidation were diluted with water and the precipitate was 
collected and extracted with dilute sodium carbonate solution. Acidification of the filtrate 
gave a gelatinous precipitate of 1: 2:5: 6-dibenzanthraquinone-4 : 8-dicarboxylic acid, which 
became crystalline in boiling acetic acid, and was washed with alcohol and ether (*Found : 
C, 72-0; H, 3:2. C,,H,,O, requires C, 72:7; H, 3-1%). This acid, m. p. above 360°, gave the 
Liebermann anthraquinol reaction. Analytically pure samples of these oxidation products 
could not be obtained on account of their very sparing solubility. 

The original alcoholic extract of the crude mixture of acids was concentrated, and the 
material which separated was extracted with a little boiling acetic acid. The insoluble product 
(6-7 g.) was somewhat dark in colour but had been freed from much resinous matter. Oxidation 
showed that this fraction contained very little of the dibenzanthracene acid. 6 G. were heated 
at 380° in an atmosphere of carbon dioxide until gas evolution had ceased, and the residue was 
sublimed ina vacuum. ‘The sublimate was extracted with alkali and recrystallised from acetic 
acid; it then had m. p. 168—174°. For removal of a trace of dibenzanthracene, the substance 
(1:75 g.) was treated with picric acid (2 g.) in benzene (25 c.c.). After the dibenzanthracene 
picrate had been collected, the 3: 4: 5: 6-dibenzphenanthrene (VI), which gave no crystalline 
picrate, was recovered from the filtrate and was crystallised from cyclohexane and then from 
alcohol. It formed colourless needles, m. p. 177—178° (*Found: C, 95-0; H, 52%; M, 
Rast method, 301, 315. C,,H,, requires C, 94-9; H, 5-1%; M, 278). 

Oxidation of 3: 4:5: 6-dibenzphenanthrene with sodium dichromate in acetic acid gave 
a resinous product, which did not crystallise and was treated with o-phenylenediamine. The 
solid product, which gave no Liebermann reaction and hence was free from 1: 2: 5: 6-dibenz- 
anthraquinone, was crystallised from ethyl acetate and from benzene. The yellow powder 
(indefinite m. p. 226—246°) could not be separated into its components (*Found: C, 88-0; 
H, 4-5; N, 7-4. Calc. for azine of monoquinone : C, 88-4; H, 4:2; N, 7-4%). 

The analyses marked with an asterisk were microanalyses by Dr. A. Schoeller. 


The author is indebted to Professor E. L. Kennaway for the experiments on animals men- 
tioned in this communication, and to Mr. F. Goulden for valuable assistance in the preparation 
of material. 


THE RESEARCH INSTITUTE OF THE CANCER HOSPITAL (FREE), 
Lonpon, S.W. 3. [Received, October 19th, 1¢33.] 
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379. 2: 3-Dichlorodioxan. 
By Witson BAKER and A. SHANNON. 


THE chlorination of dioxan leads to the production of “‘ 2 : 3-dichlorodioxan ” (Béeseken, 
Tellegen, and Henriquez, Rec. trav. chim., 1931, 50, 909), three of the five theoretically 
possible 2 : 3 : 5 : 6-tetrachlorodioxans (Butler and Cretcher, J. Amer. Chem. Soc., 1932, 
54, 2987; Summerbell and Christ, ibid., p. 3778; Baker, J., 1932, 2666), and more highly 
chlorinated products (Béeseken, Tellegen, and Henriquez, J. Amer. Chem. Soc., 1933, 55, 
1284). 

“2 : 3-Dichlorodioxan,” hitherto known as a liquid, reacts with ethylene glycol to give 
the two possible stereoisomeric forms (m. p. 111° and 137°) of 2 : 3-ethylenedioxydioxan 
(naphtho-1 : 4:5: 8-dioxan; Béeseken, Tellegen, and Henriquez, Jocc. cit.; see also 
Donciu, Monaish., 1895, 16, 8; Baker and Field, J., 1932, 86), the simultaneous formation 
of which might be due to the non-homogeneity of the 2 : 3-dichlorodioxan, cis- and trans- 
forms being possible. A single, homogeneous 2 : 3-dichlorodioxan, m. p. 30°, has now 
been prepared, but yet this reacts with ethylene glycol to give the two 2 : 3-ethylenedioxy- 
dioxans, so that inversion about one of the asymmetrical carbon atoms must occur during 
the reaction. The isolation of the lower-melting ethylenedioxydioxan in the pure state 
was difficult owing to the separation of the eutectic of the two stereoisomerides. An 
investigation of the thermal system of the two ethylenedioxydioxans showed that the 
curve was of the normal V shape, and that the eutectic mixture had m. p. 86° and contained 
77% of the lower-melting isomeride. Melting points of mixtures containing the following 
percentages of the lower-melting isomeride were determined: 34, m. p. 120°; 51, m. p. 
112°; 61, m. p. 107°; 74, m. p. 94°; 83, m. p. 98°; 91, m. p. 105°. The eutectic softening 
of all mixtures was easily discernible. 

2 : 3-Dicyanodioxan could not be prepared by the interaction of 2 : 3-dichlorodioxan 
with (1) potassium cyanide alone or in a variety of solvents at the boiling point or under 
pressure, (2) with hydrogen cyanide in ether and pyridine, or (3) mercuric, silver, cuprous 
or lead cyanide under various conditions. 

Chlorination of 1 : 3-dioxacyclopentane (also referred to in the literature as glycol 
formal and ethylene glycol methylene ether) gave an inseparable mixture of 2-chloro- 
1 : 3-dioxacyclopentane and a smaller quantity of 4-chloro-1 : 3-dioxacyclopentane. 


EXPERIMENTAL. 


2 : 3-Dichlorodioxan, prepared by the method of Béeseken, Tellegen, and Henriquez, isolated 
as described by Baker (/oc. cit.), and redistilled under diminished pressure, solidified completely 
after a few weeks; b. p. 97—98°/20 mm., m. p. 30° (Found: C, 30-5; H, 3-8. Calc. for 
C,H,O,Cl,: C, 30-6; H, 3-8%). The mixture of the ethylenedioxydioxans prepared from this 
product was separated by fractional crystallisation from alcohol. 

Chlorination of 1 : 3-Dioxacyclopentane.—Chlorine was passed into boiling 1 : 3-dioxacyclo- 
pentane (Baker, J., 1931, 1769) (34 g., distilled over sodium) in sunlight until no further in- 
crease in weight occurred (weight, 56 g.). The product was fractionated under diminished 
pressure; the main fraction boiled at 53—56°/30 mm. (Found: Cl, 32-3. C,;H,O,Cl requires 
Cl, 32-7%). No homogeneous compound could be obtained either by fractional distillation or 
by freezing. Hydrolysis with water at 100° and addition of p-nitrophenylhydrazine hydro- 
chloride (see Baker, J., 1932, 2666) yielded glyoxal p-nitrophenylosazone (0-08 mol.), which was 
doubtless derived from glycollaldehyde produced by the hydrolysis of 4-chloro-1 : 3-dioxacyclo- 
pentane. 2-Chloro-1 : 3-dioxacyclopentane could not furnish any compound from which the 
osazone could be obtained. 


THE Dyson PERRINS LABORATORY, OXFORD UNIVERSITY. [Received, October 19th, 1933.] 
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The Combustion of Hydrocarbons. 


A LECTURE DELIVERED BEFORE THE CHEMICAL SOCIETY AT THE ROYAL INSTITUTION, 
Lonpon, OcTOBER 19TH, 1933. 


By WILLIAM A. Bone. 
I. INTRODUCTION. 


My purpose is threefold : to direct attention to the more outstanding facts of hydrocarbon 
combustion, to demonstrate some of them experimentally, and to outline a theory account- 
ing for them. It is a subject not only of theoretical interest but also of great practical 
importance, for we depend on hydrocarbon-air explosions for much of our daily loco- 
motion, whether by land, water, or air—and have still a deal to learn about them. Having 
studied them for upwards of 40 years, Ihave discovered at least their complexity,and wonder 
how some of the current notions concerning them originated. Anyway, I scarcely need 
apologise for relating the story of their scientific investigation during the past half-century. 

At its commencement the notion of a preferential burning of hydrogen in hydrocarbon 
combustion generally prevailed, notwithstanding its inconsistence with discoveries first 
made, as long ago as 1803—4, by John Dalton in regard to explosions of methane and 
ethylene each with its own volume of oxygen. He had found that in neither case was any 
carbon liberated, and that with ethylene there was an immediate production of carbonic 
oxide and hydrogen, without any separation of carbon or appreciable steam formation, 
thus: C,H, + O, = 2CO + 2H,. The truth, thus so clearly revealed, was soon buried 
under accumulating errors, until, eighty years later, in his Cantor Lectures on the “ Uses 
of Coal-gas ’’ at the Royal Society of Arts, H. B. Dixon, whose star was then just appearing 
on the horizon of Oxford, endorsed the then prevalent view that ‘‘ ethylene when raised to 
a high temperature in contact with air is decomposed, the hydrogen burning first and the carbon . 
afterwards.” 

The whirligig of time, however, soon brought its revenges when, seven years later, in 
Dixon’s own laboratory in Manchester, the truth was re-discovered. And we may appro- 
priately begin our demonstrations by repeating the experiment as it was then actually 
performed, as follows :-— 

Experiment. A mixture containing C,H, = 49-4, O, = 47-7, and N, = 2-9% was 
fired in a leaden coil at an initial pressure (f,) of 756 mm.; the resulting explosion was 
violent, and the cold products were found to be under a pressure (f,) of 1503 mm., or 
practically double that of the original mixture (f,/p, = 1-988).* They burned with a 
bluish flame, and on subsequent analysis were found to be composed of substantially equal 
volumes of carbonic oxide and hydrogen, as follows : CO, = 0-35, CO = 49-1, H, = 48-8, 
CH, = 1-0%, as represented by the equation C,H, + O, = 2CO + 2H, (Bone and Lean, 
J., 1892, 61, 873). Soon afterwards it was also found that an equimolecular mixture of 
acetylene and oxygen behaves similarly on explosion, in accordance with the equation 
C,H, + O, = 2CO + Hg, the volume in this case being increased by one-half. 

Dixon directed attention to these results in his Bakerian Lecture of 1893 (Phil. Trans., 
1893, A, 184, 161), in which he also dealt with the rates of explosion (7.e., detonation)— 
in metres per sec. at 10° and 760 mm.—of methane, ethylene, and acetylene, each with 
oxygen in varying proportions between the equimolecular and those required for complete 
combustion, which he had found were as follows :— 


CH, + 0, CH, + 140, CH, + 20, 
2528 2470 2322 
C,H, + O, C,H, + 20, C,H, + 30, 
2507 2581 2368 
C,H, + O, C,H, + 140, C,H, + 240, 

2961 2716 2391 


* In this and all similar connections throughout this memoir, p, = initial firing pressure and p, = 
pressure of the cold products of an explosion. 
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And he inferred therefrom that in the wave itself the carbon burns to the monoxide, its 
further oxidation always being an after-occurrence. 

It was during 1891—2, while such experiments were in progress, that I began assisting 
Dixon; and in conjunction first with B. Lean and afterwards with the late J. C. Cain, I 
studied the behaviours of both ethylene and acetylene on explosion with less than equi- 
molecular proportions of oxygen, with results which were published in the Society’s Journal 
(1892, 61, 873; 1897, 71, 26). 

About this time, also, Smithells and Ingle discovered large quantities of hydrogen and 
carbonic oxide in the interconal gases of aérated hydrocarbon flames; and we are now 
repeating their separation of the two cones of an ethylene-air flame, showing an inner 
greenish-blue cone, and an outer lilac-blue cone, without any separation of carbon, the 
composition of the interconal gases being given by Smithells and Ingle as CO, = 3-6, 
CO = 15-6, CaAHm = 1:3, H, = 9-4, H,O = 9-5, and N, = 60-6%. From this the authors 
concluded that “‘ when the hydrocarbon first burns in the inner cone there is a distribution of 
the limited supply of oxygen between the carbon and hydrogen, such that either carbon monoxide, 
water, and hydrogen are first formed,” this being followed by the reversible water-gas 


CO+OH, =—= CO,+H, 


reaction as the medium cooled down (J., 1892, 61, 214). 

As the outcome of all these experiments, the dogma of the preferential combustion of 
hydrogen was finally overthrown; and in its place was revived the opposite idea, originally 
put forward by Kersten in 1861, that in hydrocarbon flames generally “‘ before any part 
of the hydrogen is burnt all the carbon is burnt to carbonic oxide.” 

This was, however, strongly opposed by H. E. Armstrong, and during the nineties of 
last century the arena witnessed many resounding passages of arms between the various 
protagonists—for (mark you) those were real Victorian fighting days, when skins were 
thicker than now and hard blows were gaily exchanged. I watched with admiration the 
sword-play of my seniors, aiming a blow myself as opportunity arose, for I was not then the 
ardent pacifist I have since become. The fight swayed to and fro for years, but at length 
died down with honours easy; eventually, however, the revived doctrine of a preferential 
combustion of carbon, round which the fight had chiefly raged, was overborne as new facts 
emerged, and therefore had to be abandoned. 

As far back as 1874, however, H. E. Armstrong had suggested another alternative 
—namely, that the successive stages in the burning of hydrocarbons involve the transient 
formation of unstable hydroxylated molecules which, according to circumstances, would 
decompose more or less rapidly under the influence of heat, giving rise to simpler inter- 
mediate products so that the process might be visualised as essentially one of ‘‘ hydroxyl- 
ation.”” But no attempt had been made to explore it experimentally, though it has 
ultimately proved a key to the problem. 

At this point I would stress the importance of our viewing the subject widely, because 
what is most needed to-day is a balanced judgment embracing the whole range of conditions 
from those of slow combustion right up through flame and explosion under high pressure 
to detonation, all of which have been studied in my laboratories, and, in what follows, I 
shall endeavour to summarise our experiences and to give you my considered view regarding 
their interpretation as a whole. 


II. SomE GENERAL CONSIDERATIONS. 


Save in one or two isolated instances, up to almost the end of last century the inves- 
tigation had been confined to flame and explosions, and practically nothing was known 
about the slow combustion of hydrocarbons. Yet obviously, if unstable oxygenated 
molecules of any kind are initially formed, the chance of detecting and isolating them 
would be far greater in slow than in explosive combustion. Hence in 1898 I commenced 
at Manchester University a systematic investigation of the matter which after 35 years is 
now nearing completion in my laboratories at the Imperial College, South Kensington. 
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Before, however, dealing with this part of the evidence, it may be recalled how it 
has been found (i) that suitably proportioned hydrocarbon-oxygen mixtures react 
with measurable velocities at temperatures much below those required for any appreciable 
reaction in such media as 2H, + O,, 2CO + O, (moist), CO + OH,, CO, + Hg, etc.; 
(ii) that such slow combustions are always preceded by a definite “‘ induction period,” the 
duration of which depends upon temperature and pressure; and (iii) that they do not 
require the presence of water vapour. 















III. EVIDENCE FROM SLOW COMBUSTION AND THE DEVELOPMENT OF THE HYDROXYLATION 
THEORY. 


Without describing the new experimental method and technique, including those for 
high-pressure conditions, developed during our researches in this part of the field, I will 
now briefly outline the principal results that have accrued therefrom to date.* 

So far the experiments have been mainly concerned with interactions of oxygen in 
various proportions with the simpler aliphatic hydrocarbons methane, ethane, ethylene 
and acetylene, although some on propane have been included and progress has been made 
with the investigation of benzene and toluene. Temperatures have ranged between 250° 
and 400°, and pressures from under atmospheric up to about 100 atmospheres. 

With regard to the four simpler aliphatic hydrocarbons, it has now been definitely 
established: (i) that after an ‘induction period,” the duration of which depends on 
temperature, pressure, and mixture composition, all undergo quiet flameless combustion 
producing alcohols, aldehydes, acids, steam and oxides of carbon, without any appearance 
whatever of carbon or hydrogen, in circumstances precluding any appreciable independent 
oxidation of either hydrogen or carbonic oxide; (ii) that methane is much less readily so 
oxidised than the other three; (iii) that the most reactive mixtures, in regard either to ° 
the shortness of the induction period or to the subsequent speed of oxidation, are those 
containing hydrocarbon and oxygen in the 2:1 (i.e., the alcohol-forming) molecular 
proportion ; (iv) that in all cases alcohol and/or aldehyde formation precedes that of oxides 
of carbon, while with acetylene there appears to be a transient formation of glyoxal, 
C,H,O,, which immediately gives rise to carbonic oxide and formaldehyde before any steam 
appears; and (v) that in all cases, carbon dioxide is formed in circumstances which, while 
precluding its arising by the secondary oxidation of the monoxide, favour its doing so by 
the oxidation of formic acid, which is always present among the products. Point (iii) is 
well illustrated by a series of pressure—time curves (Fig. 1) observed with various ethylene— 
oxygen mixtures reacting at 300°. 

The normal intermediate formation of the following alcohols, aldehydes or acids 
during the slow oxidations of the said hydrocarbons has now been definitely established : 

(i) Methane : Methyl] alcohol, formaldehyde, and formic acid. 

(ii) Ethane : Ethyl and methyl alcohols, acet- and form-aldehydes, acetic and formic 
acids. 

(iii) Ethylene: Vinyl alcohol and its isomerides ethylene oxide and acetaldehyde, 
formaldehyde, and formic acid. 

(iv) Acetylene: Glyoxal, C,H,O,, formaldehyde and formic acid. 

And as regards the two aromatic hydrocarbons referred to, Dr. Newitt has recently 
proved an initial formation of phenol in the case of benzene and of benzyl alcohol, followed 
by that of benzaldehyde, in the case of toluene.f 











































* My chief collaborators have been R. V. Wheeler, W. E. Stockings, G. W. Andrew, and J. Drugman 
in Manchester (J., 1902, 81, 535; 1903, 88, 1074; 1904, 85, 693, 1637; 1905, 87, 1232; 1906, 89, 652, 
939) and D. M. Newitt, R. E. Allum, S. G. Hill, A. E. Haffner, A. M. Bloch, and H. F. Rance in London 
(Proc. Roy. Soc., 1929, A, 129, 434; 1932, 184, 578, 591; 1932, 187, 243; 1933, 140, 426, and another 
now in the press). 

ft Some historical points pertaining to the detection and isolation of intermediate products, having 
been dealt with in my recent Bakerian Lecture on the subject (Proc. Roy. Soc., 1932, A, 187, 243— 
274), are omitted now. 
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It should also be noted in passing that, although in favourable circumstances some 
“ peroxidation ”’ of intermediately produced aldehydes has been observed, no evidence 
has been forthcoming of any initial alkyl peroxide formation, a point to which we shall 
revert later. 


Fic. 1. 


Observed pressure-time curves with various C,H,—-O, mixtures at 300°, namely: (a) 2C,H, + Oy, 
(b) 3C,H, + O,, (c) 5C,H, + O,, (d) C,H, + O,, and (e) C,H, + 20,. 
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General Course of Oxidation.—Viewing the evidence broadly, and as a whole, we visualise 
the slow oxidation of these hydrocarbons—subject to the proviso that, so far as the evidence 
at present available goes, with acetylene the first recognisable product would appear to 
be glyoxal—as involving throughout a series of successive hydroxylations and thermal 
decompositions, mainly as on p. 1603 :— 
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Although, when working at atmospheric pressure, it is difficult to isolate the initial 
monohydroxylated product (alcohol) in such cases—for, as we have found, under such 
conditions the newly-born alcohol is oxidised more rapidly than the original hydro- 
carbon *—pressure so favours its stability that usually in pressure-oxidations it can be 
isolated and quantitatively estimated. Thus, for example, employing a 8CH, + O, 
mixture at 340° and a pressure of 106 atmospheres, Drs. D. M. Newitt and A. E. Haffner 
(Proc. Roy. Soc., 1932, A, 134, 591) found that 22-3% of the methane burnt survived as 
methyl alcohol in the products; while with a 9C,H, + O, medium at 273° and 100 
atmospheres Newitt and Bloch (ibid., 1933, A, 140, 426) have recently obtained the following 
complete quantitative proof of the foregoing ‘‘ hydroxylation ’”’ scheme for ethane: 


Pressure-oxidation of ethane at 273° and 100 atmospheres. 


Ethyl alcohol (Stage 1) 
at By - Acetaldehyde (7°5) and acetic acid (3°8) (Stage 2) 
siliadin teonet Pomy Methy] alcohol (18-2) and CO (18-2) (Stage 3) 
wines i. Formaldehyde (0°4) and CO (0:4) (Stage 4) 
ait. a. Formic acid (0-4) and CO (3-0) (Stage 5) 
P P Carbonic anhydride (Stage 6) 


Such, I venture to think, is a remarkable experimental achievement of which its 
authors may be justly proud. Moreover, seeing (i) that each possible successive stage in 
the postulated “ hydroxylation ’’ scheme was verified by the isolation and estimation of 
the particular product (or products) involved, (ii) that the whole of the ethane burnt was 
thus accounted for, and (iii) that throughout the experiments no trace of “ peroxide ’’ was 
ever detected, such a result is of the highest significance. 

We are also indebted to Newitt for another important new link in the chain of evidence. 
For during the past month or so he has succeeded in isolating vinyl alcohol—by means of 
its characteristic double compound (a granular white precipitate) with mercuric oxy- 
chloride t—from among the products of the pressure-oxidation of ethylene; and as its 
two isomerides, ethylene oxide and acetaldehyde, have also been isolated during the 
process, as well as in the slow oxidation of the hydrocarbon at atmospheric pressure, it 
seems now definitely established that the initial stage in the combustion is really one of 
“ hydroxylation,” followed by a rapid transition towards a triangular equilibrium, depen- 
dent on pressure and temperature, between the three isomeric forms of C,H,O, such that 
(as would now appear) at 300° and atmospheric pressure the equilibrium molecular ratio 
appears to be approximately 4 vinyl alcohol : 10 ethylene oxide : 1 acetaldehyde ; increasing 
pressure favours the stabilities of vinyl alcohol and acetaldehyde at the expense of ethylene 
oxide. t 

The pressure-oxidation process having thus proved so effective in Newitt’s hands in 
describing the initial hydroxylation product in the cases of methane, ethane, and ethylene, 
it may be hoped that he will apply it to acetylene also, with a view to clearing up the 
obscurity still veiling the initial stage of its oxidation. 

Summary.—This part of the evidence may, I think, be fairly summed up by saying, in 
regard to the slow oxidation of the hydrocarbons so far investigated by us in detail (7.e., 
methane, ethane, ethylene, and acetylene): (i) that in each case the most reactive 
hydrocarbon : oxygen ratio is 2:1, and—save with acetylene, where there is still some 
obscurity—the first recognisable product is the corresponding alcohol; also with benzene 
it is phenol and with toluene benzyl alcohol; (ii) that, subject to the said qualification as 


* It should, however, be noted that as long ago as 1906 J. Drugman, working with me in Man- 
chester, showed that, on oxidation with ozone at 100°, ethane yields successively ethyl alcohol, acet- 
aldehyde, and acetic acid (J., 1896, 89, 939). 

+ This test for vinyl alcohol in aqueous solution is due to Poleck and Thiimmel (Ber., 1889, 22, 
2863), who found the reaction to be: H,C:;CH-OH + HgOCl,HgCl, = H,C:CH-O-HgO,HgCl, + HCl. 

t As, however, the investigation of this aspect of the matter is still proceeding in our laboratories 
at South Kensington, further discussion of it must be reserved for a future publication. 
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regards acetylene, the hydroxylation theory, as outlined herein, has been substantiated by 
the isolation in quantity of every postulated intermediate product (or, when too unstable, 
then of the products of its thermal decomposition) ; (iii) that in each case (save acetylene) 
such products form a sequence corresponding with as many successive oxidation stages 
as there are atoms of hydrogen in the hydrocarbon molecule; and (iv) that, apart from all 
such direct evidence, there is also the further outstanding fact that the hydrocarbon can 
be oxidised (via alcohols, aldehydes, and acids) ultimately to oxides of carbon and steam 
without any liberation of either carbon or hydrogen, a circumstance which, while eloquent 
of successive hydroxylations and thermal decompositions of hydroxylated molecules, can 
hardly be otherwise explained. 

If the criterion of a scientific theory is its consonance with well-established facts rather 
than its speculative glamour, I am well content to leave mine so, not knowing what stronger 
proof of it could reasonably be required. 


IV. EXTENSION OF THE THEORY TO EXPLOSIVE COMBUSTION. 


(1) General Considerations.—Although the conditions prevailing in hydrocarbon flames 
and explosions are obviously much more complex than those of slow combustion, the 
experimental evidence has convinced me that the result of the initial encounters between 
hydrocarbon and oxygen is the same in both, namely, the formation of an “‘ oxygenated ”’ 
(and usually a “ hydroxylated’) molecule. Undoubtedly at the higher temperatures of 
flames, secondary thermal decompositions come into play at an earlier stage, and play a 
more conspicuous réle, than in slow combustion; there are, however, the strongest reasons 


_ for believing that they do not precede the onslaught of the oxygen upon the hydrocarbon, 


but arise in consequence thereof. Moreover, on both thermochemical and kinetic grounds, 
it seems probable that in explosive combustion, whenever the oxygen supply suffices, there 
will be (so to speak) a “ non-stop’ run through the monohydroxy- to the dihydroxy-stage 
before thermal decomposition occurs; albeit, in default of such oxygen-sufficiency, more 
or less decomposition at the monohydroxy-stage would probably occur, and in still greater 
oxygen-deficiency some of the excess hydrocarbon might also be decomposed. 

In view of the complexities of flames, and of the great difficulties in tracking by chemical 
analysis the course of events therein, the utmost that can be reasonably required of any 
acceptable theory about them is that it shall be consistent with facts, provide a rational 
view thereof, and in a general way enable the main happenings in a particular case to be 
predicted. It can scarcely be expected that in all circumstances all the combustible mole- 
cules will be attacked by the oxygen in precisely the same way, for no such uniformity 
seems possible, and in special circumstances abnormalities may arise. 

What we are now concerned with, however, are the normal occurrences, and I will 
endeavour to demonstrate some of the more outstanding features of the explosive com- 
bustion of hydrocarbons and how they fall into line with, and can be explained by, the 
theory as already outlined. 

(2) Thermal Decompositions of Alcohols and Aldehydes.—Before doing so, however, I 
must say something about how the various oxygenated molecules intermediately formed 
during slow combustion would, or might, be thermally decomposed in flames. Fortunately, 
information is available concerning the effects of heat upon some of them, though in places 
it is incomplete. Moreover, with one or two exceptions, the mode of decomposition of 
such compounds varies with temperature, and therefore it is well to remember that there 
are wide differences in the mean temperatures of flames, especially according as the com- 
position of the explosive medium concerned is near to one or other of the limits of 
inflammability or far removed from both of them. 

Alcohols. At fairly low temperatures the vapours of primary alcohols decompose 
primarily into steam and an unsaturated hydrocarbon molecule or residue, but at higher 
temperatures into hydrogen and the corresponding aldehydes. In intermediate ranges 
both changes may occur simultaneously, and in flames they are always followed by 
secondary decompositions and/or hydrogenations, according to circumstances. Thus, 
for example, we might have :— 
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CH,-OH primarily resolved into (i) H,C: + H,O and/or (ii) H,C:O + H, (— 9°3 kg.- 
cals.), followed by secondary resolutions of the H,C: residues ultimately into C + Hg, and 
of the H,C:O into H, + CO (vide formaldehyde), and (in favourable circumstances) by 
hydrogenations of H,C: residues to CH,. 

C,H,-OH primarily resolved into (i) C,H, + H,O (+ 7 kg.-cals.) and/or (ii) H, + 
CH,°CHO (— 10 kg.-cals.), followed by secondary resolutions of C,H, into C,H, + H, 
and/or 2C + 2H,, and of CH,-CHO into CH, + CO and/or C + 2H, + CO (vide acet- 
aldehyde). 

Aldehydes. At temperatures between about 400° and 600° (or thereabouts) aldehyde 
vapours containing one CHO group and one or more other carbon atoms are primarily 
resolved into CO and a saturated hydrocarbon; thus with acetaldehyde :— 


(i) CHyCHO = CH, + CO... + 2 kg.-cals. 


With further rising temperature, the breakdown becomes progressively more complete, 
tending at very high temperatures to some such final stage as 


(ii) CH,,CHO = C + 2H, + CO* .. . — 198 kg.-cals. 


Formaldehyde. It is important to note (i) that of all the oxygenated molecules known 
to be formed in slow combustion, the vapour of formaldehyde is pre-eminently that which 
at all temperatures in flames decomposes primarily into carbonic oxide and hydrogen 
(plus, maybe, some trace of methane) without any separation of carbon whatever, thus : 


H,C:0 = H, + CO. . . — 135 kg.-cals. ; 


and (ii) that, since H,C:O is inherently a much more stable configuration than H-C-OH, it 
would readily be formed therefrom, an important consideration in connection with the 
partial combustion of olefins. 

Glyoxal vapour probably would be resolved at all temperatures primarily into 
CO + H,C:O and secondarily into 2CO + Hy, also without any carbon deposition, but 
precise knowledge is lacking. 

Consequently, whenever the explosion of a hydrocarbon-oxygen mixture results in 
substantially nothing but carbonic oxide and hydrogen, without any carbon deposition, 
an intermediate formation of formaldehyde, or possibly glyoxal (or both), may reasonably 
be inferred. 

(3) The Relative Combustibilities of Hydrocarbons and Hydrogen (or Carbonic Oxide). 
—The first general fact to note is that, as will be shown presently, the affinities of hydro- 
carbons so greatly exceed those of either hydrogen or carbonic oxide for oxygen that, in 
explosions of hydrocarbon—hydrogen (or carbonic oxide)—oxygen media where oxygen is 
very deficient, the hydrocarbon is burnt, as it were, preferentially. Moreover, the mutual 
affinity between oxygen and a hydrocarbon so overpowers any tendency for the latter to 
decompose thermally in flames that, whenever there is free oxygen at hand in the medium, 
a hydrocarbon molecule will combine with it rather than decompose. Hence the old 
notion, which still haunts chemical literature, of a hydrocarbon molecule normally 
undergoing thermal decomposition before oxidation in explosions should be abandoned. 
For such decomposition will only occur in regions where little or no oxygen is at hand for 
the hydrocarbon to react with. This being so, it is wrong to speak of the preferential 
combustion of either hydrogen or carbon in hydrocarbon flames; on the contrary, the 
hydrocarbon molecule, though it may have been “‘ activated,” is still intact when it seizes 
and incorporates the oxygen whether atomic or molecular. 

Experiments. (a) To illustrate these points, I cannot do better than repeat a very 
striking experiment, first made in my laboratory in 1905, in which a mixture of acetylene 


* The whole sequence may perhaps be pictured as follows : 
CH,-CHO —> CH, + CO——->-CH; + H + CO 
—> 0H, + (2 4+ CO—>!CH + ton \ + co—»:c: + be } + CO, 
H, H, +H 2H, 
which would account for the spectrographic evidence of the presence of -CH;, ‘CH,, ‘CH, and C, in 
such hydrocarbon flames; and so with other similar decompositions of alcohols, etc. 
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and electrolytic gas of the composition C,H, + O, + 2H, was exploded in a sealed glass 
bulb at an initial pressure, p,, of 534 mm.* The oxygen has here the opportunity of 
dividing itself between the hydrocarbon and the hydrogen, according to its relative affinities 
for them; and anyone, not knowing beforehand what actually happens, would probably 
predict some, and possibly a large, formation of steam as well as a resolution of part of the 
acetylene into its elements. Yet on firing the mixture, as you will see, a sharp bluish flame 
fills the vessel, but neither does carbon separate nor does any steam condense on cooling. 
In the experiment made in my laboratory, the pressure of the products in the bulb after the 
explosion, f., was 653 mm., the ratio p,/p, being 1-22, and their percentage composition was 
CO, = 0-2, CO = 39-8, CH, = 0-2, and H, = 59-8%,T 
showing that the whole of the original acetylene had been burnt to carbonic oxide and 
hydrogen, leaving the original hydrogen quite intact, in accordance with the equation 
C,H, + O, + 2H, = 2CO + 3H,. 

Our recent photographic investigation of this explosion has shown its flame to be a 
very compact layer of incandescent gas, about 1 cm. in thickness, with a sharply defined 
front and no “ after burning,” the duration of luminosity being 1-6 millisecs. only. Indeed, 
we have found this to be the most intensively burning of all mixtures of acetylene and 
electrolytic gas, in the sense of both time and space concentration of the chemical change. 

(b) Astonishing as such a result may appear, the proportion of hydrogen present may 
even be doubled without appreciably affecting it. Thus, for example, on firing a 
C,H, + O, + 4H, mixture (actually containing C,H, = 16:15, O,= 16-05, and 
H, = 67-80%) at , = 753 mm. in my laboratory, there was again neither carbon deposited 
nor appreciable steam formation, the gaseous products (fp, = 850 mm. and #,/p, = 1-13) 
containing 

CO, = 0-2, CO = 28-1, H, = 70-2, and CH, = 1:5%,tT 
i.€., corresponding very nearly with the equation C,H, + O, + 4H, = 2CO + 5H,. — 
To illustrate this point, I will now similarly fire at atmospheric pressure (750 mm.) mixtures 
corresponding with C,H, + O, + 3H, and C,H, + O, + 5Hg, respectively. As you will 
see, in neither case is there any separation of carbon, and while in the first case no visible 
condensation occurs on cooling, in the second it is just discernible on close examination. 

(c) To pursue the matter a little further, I will next show how little (if any) the 
C,H, + O, + 2H, result (a) is affected by dilution with different so-called inert gases, by 
firing C,H, -+ O, + 2H, + 4(He, Ar, or N,) mixtures at atmospheric pressure (750 mm.) 
each in a glass globe of about 350 c.c. capacity. It will be noticed that, while the colour 
of the explosion flame varies with the diluent, there is neither carbon separation nor any 
visible steam condensation with the helium- or argon-diluted media, although both are 
just discernible after the nitrogen-diluted explosion.t Clearly then, although the result 
may be slightly affected by nitrogen, lowering of the mean flame-temperature by such 
dilutions has not enabled the hydrogen to wrest any material proportion of the oxygen 
from the rapacious maw of the acetylene. 

(d) To prove that such a result is not due to any peculiarity of acetylene, I will next 
similarly explode a mixture of ethylene, hydrogen, and oxygen of the composition 
C,H, + O, + H, at an initial pressure, $,, of 600 mm., when it will again be seen that 
neither does carbon separate nor does any steam condense on cooling. The pressure of 
the explosion products, p5, will be ca. 900 mm. (f,/p, = 1-49) and their composition 


CO, = 0-35, CO = 39-6, C,H, = 1-25, CH, = 3-65, and H, = 55-15%, 
showing that nearly the whole of the ethylene has been burnt to carbonic oxide and 
hydrogen, leaving the original hydrogen intact, as follows : C,H, + O, + H, = 2CO+ 3H,. 


* Except as otherwise specifically stated, all the explosion experiments shown on the lecture table 
were carried out in cylindrical sealed glass bulbs 10 cm. long x 2°5 cm. diam. (capacity = ca. 80 c.c.), 
ignition being effected by an electric spark in the middle of the cylinder. 

t The very small percentage of carbon dioxide in these products is in itself a proof of practically 
no steam having been formed during the explosions. 

t These matters are reserved for further investigation, 
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(e) Much the same result is obtained, as will now be shown, by similarly exploding a 
mixture of propylene, hydrogen, and oxygen corresponding with the formula C,H, + 140, 
+ H,. When the experiment was made in my laboratory at an initial pressure of 

, = 497 mm., the whole of the carbon was accounted for in the gaseous products and only 
10% of the original oxygen appeared as water, the details of experiment being as follows :— 


p, = 497 mm., p, = 847-8 mm., p,/p,; = 1-705. 


Gaseous products : CO, = 1:10, CO = 43-5, CaAHm = 0-8, CH, = 2-4, and H, = 52-2%, 
or nearly corresponding with the equation : 


CH, + 1-50, + H, = 3CO + 4H,. 


I would commend these experiments to my fellow-workers in the field as being of the 
highest significance in connection with the theory of explosive combustion generally. For, 
as Professor Armstrong has suggested (J. Roy. Soc. Arts, 1933, 81, 567), at first sight it 
hardly seems a case of kinetics at all, but rather of ball-room tactics, oxygen molecules 
preferring the good-looking hydrocarbon and leaving the plainer hydrogen molecules as 
““ wall-flowers,”’ showing that there are more things in combustion than are yet dreamed of 
in our philosophies. Albeit, further experiments on CH, + O, + xH, and C,H, + O, 
-+ xH, explosions at high pressures have shown that, in the long run, hydrogen does exert 
its mass-influence upon the oxygen-distribution.* 

(4) Evidence from Explosions of Methane, Ethane, Ethylene, or Acetylene with its own 
Volume of Oxygen.—Methane. It has already been mentioned that on explosion with its 
own volume of oxygen—or just half that required for complete combustion—methane 
yields principally carbonic oxide, hydrogen, and steam, in conformity with the equation 
CH, + O, = CO + H, + H,O, although some carbon dioxide is produced owing to the 
“ water-gas reaction ’”’ CO + OH, == CO, + H, coming into play during the cooling period. 

Experiment. This will be demonstrated by firing the mixture in a sealed glass bulb at 
an initial pressure of 730 mm. There is a sharp bluish flame without any separation of 
carbon, but steam is seen to condense on cooling. If time permitted an examination of 
the cold gaseous products, their pressure would be found to be about 750 mm. (f,/p, = 
1-027) and their composition as follows :— 


CO, = 6-5, CO = 42-0, H, = 50-5, and CH, = 1-0%. 


Such result is just what might be predicted from the “‘ hydroxylation ’’ theory, supposing 
a “non-stop ” run through the monohydroxy- to the dihydroxy-stage, followed immediately 
by a complete breakdown of formaldehyde into carbonic oxide and hydrogen and a 
subsequent “‘ water-gas reaction ” during the cooling, thus : 


CH, —> CH,OH —> CH,(OH), 
EE, 
1,0 + H,.c:0 
ey, 


Although at atmospheric pressure methane-oxygen mixtures containing less than 40% of 
oxygen are non-explosive, yet by sufficiently raising the pressure they become so down 
to the 70CH,/300, limit or thereabouts. My colleague, Dr. D. T. A. Townend, who has 
investigated the matter very thoroughly, found the results of their explosions to agree 
well with the theory, breakdowns occurring at both the mono- and di-hydroxy-stages 
(Proc. Roy. Soc., 1927, A, 116, 637). 

Ethane. (a) “‘ Inflammation.” The explosion of an equimolecular mixture of ethane 
and oxygen was immediately seen to be crucial as between the former idea of a preferential 
burning of the carbon and the “ hydroxylation’ theory. For, whereas, according to the 
former, only carbonic oxide and hydrogen should result, thus :— 


C,H, + 0, = 2CO + 3H,, with ,/p, = 2°5, 


* Vide Bone, Newitt, and Townend, ‘Gaseous Combustion at High Pressures,”’ chap. XIX, 
pp. 300—308 (1929). 
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the “‘ hydroxylation ’”’ theory would require the formation of methane, carbon, hydrogen, 
carbonic oxide; and steam, with some carbon deposition and a #,/p, ratio materially less 
than 2-5 as follows :— 


—— 
H,0 + CH,-CHO 
—_—__~ 


{Cae 4. co} & 


Experiment. The experiment will now be repeated by firing a C,H, + O, mixture in 
a sealed bulb at an initial pressure (p,) of 730mm. __It will be observed that a lurid yellowish- 
red flame fills the vessel, accompanied by a black cloud of carbon particles; and a close 
inspection will reveal a considerable condensation of water also. If the bulb were opened, 
and rinsed out with water, the presence of aldehydic products could be demonstrated by 
means of Schiff’s reagent. A detailed examination of the cold gaseous products would 
show their pressure to be some 50% greater than that of the original mixtures (p,/p, = 1-5) 
and their composition as follows :-— 


CO, = 4-2, CO = 33:5, CaHm = 2-7, CH, = 11-0, and H, = 486%, 


about one-sixth of the original carbon having been deposited as such. All this is in con- 
formity with the hydroxylation theory. 

It should be noted that in such an explosion the proportions of carbon separating during 
the reaction and of steam surviving in the products vary with the flame temperature and 
rate of cooling, both of which are influenced by the surface/volume ratio of the containing 
vessel. The smaller such ratio the hotter the flame and the slower the cooling, and, while 
the former favours carbon deposition, the latter allows of more ‘‘ unburning ”’ of the steam | 
by carbon, C + OH, = CO + Hy. Indeed, both the separation of carbon and the form- 
ation of steam and oxides of carbon in hydrocarbon explosions are secondary effects in the 
sense that all result from thermal decompositions of the primary oxidation products. 

Experiments showing effects of firing a C,H, + O, mixture in (i) a long tube and (ii) a 
globe of equal capacity. This point may be illustrated by firing the equimolecular C,H, + O, 
mixture in two glass vessels having approximately the same volume but widely different 
surface areas. For this purpose, (i) a closed tube about 100 cm. long and 2-5 cm. internal 
diameter, and (ii) a globe of 9-5 cm. internal diameter have been selected. Both these 
vessels have the same volume (ca. 500 c.c.) but the surface area of the tube is about 2-75 
times greater than that of the globe. They have both been previously filled with the same 
C,H, + O, mixture at a pressure of about 700 mm. On now comparing the results of the 
two explosions, as is done in Table I, it is at once evident that much more water and less 
carbon have survived in the tube than in the globe experiment. Indeed, the £,//, ratio is 


TABLE I. 
Inflammation of an Equimolecular Mixture of Ethane and Oxygen. 
(a). (b). 
In long tube. In large globe. 
ns Millia. ccscaiinsite ies sccainesuniiiteiimnlinadiatiali tid, 701 685 
Dig GIN... dscnisesencscsscnassncctomsssenedeomniaomsceeieaned 1018 1187 
SEI,” ‘sliceuandinituadintamadudinabiiasicionybiniaaccimnens 1°45 1-73 
NS cisanheaniansebicuntous 4:20 3°40 
Percentage composi | CO, =++s::---ssssssseseee 34°80 36-10 
tion of gaseous pro- CH PoP Pee eee eee eee eee ee es 500} 7-65 
mms: Mi icpannpandbaicalsuadsiless 8-85 7-25 
SO ig: eideehsnsdisnatiinabaanevogh 44°50 53-05 
C, H,, and O, Balances. C. H,. Og. C. H,. O,. 
I IE | iccscnssnsisniaiarieaetiinnainaniensin 694 1041 354 678 1017 346 
NE URIS pec cunrececenecennannsnesanesacesecones 643 738 220 558 805 255 
Difference (carbon, aldehyde, and H,O) ......... 51 303 134 120 212 91 


Percentage difference  ...........sesersecceseecesceeees 76 29 37°8 18 20 27°5 
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about 1-45 only in the former as compared with about 1-75 in the latter, and an examination 
of the products would show that the difference is accounted for by a much greater survival 
of steam, aldehydes, acetylene, and ethylene in the tube than in the globe experiment. 

(6) Detonation. Had time permitted, it could be shown how the theory has been found 
to apply both to the “ detonation ” of C,H, + O, mixtures and to their explosion in bombs 
at high pressures; but those interested may read the published evidence for themselves 
(J., 1906, 89, 1620; Phil. Trans., 1915, A, 215, 310). 

Ethylene and acetylene. The preferential burning of carbon which apparently occurs 
when either ethylene or acetylene is exploded with its own volume of oxygen, is just what 
would be predicted from the theory outlined herein as follows :— 


HH 
H,C:CH, —> H,C:CH-OH —> HO-C=C-OH 
—— 
2H,C:0 
aa, 
2H, + 2CO 


titi 
HC:CH —> H-C:C-H 
Per 
CO + H,C:0 
aaa, 
H, + CO 


Experiments. Each of these equimolecular mixtures (a) C,H, + O, and (b) C,H, + O, 
will now be fired in sealed bulbs at initial pressures (f,) of about 500 and 300 mm. respec- 
tively. It will be seen that in neither case is there even the slightest separation of carbon 
or condensation of steam on cooling, which is in striking contrast with what happened in 
the corresponding C,H, + O, explosion. An investigation of the cold products would 
reveal in each case a large increase in the pressure, namely, (a) almost a doubling in the 
ethylene and (6) by nearly 50% in the acetylene explosion, and their composition would 
be :— 

(a) CO, = 0-5, CO = 50-0, H, = 47-5, and CH, = 20%, with ,/p, = 1:95; 

(b) CO, = 0-75, CO = 67-0, H, = 30-75, and CH, = 15%, with p/p, = 1-47. 

(5) Contrast between the Behaviours of Paraffins and the Corresponding Olefins in Explosions 
of CyHon+2 + %O, and CraHan + 30, Mixtures.—I now come to a most arresting and sig- 
nificant feature of the experimental evidence to which I would invite the closest attention. 
It is that, whereas all the gaseous hydrocarbons of the C,H2» series (7.e., ethylene, propylene, 
trimethylene, and butylene) on explosion with a proportion of oxygen corresponding with 
CraHo, + $0, always yield substantially carbonic oxide and hydrogen without any 
separation of carbon or material steam formation—as though there had been a preferential 
burning of their carbon in accordance with the equation C,aH2, + %0, = »CO + H,— 
yet, on the other hand, explosions of the corresponding members of the paraffin series (7.e., 
ethane, propane, and butane) with oxygen in the CaHon +2 -+ %O, proportion, all result in 
dense clouds of carbon, steam, methane, and oxides of carbon, just as has already been seen 
in the case of the C,H, + O, mixture. 

Experiments. Although this crucial point has already been demonstrated with 
C,H, + O, and C,H, + O, media, respectively, we will now reinforce it by two further 
series of explosions, namely, (a) of olefin C,Ho, + $O, (e.g., propylene and butylene) 
mixtures at #, = 500 mm., and (6) of the corresponding paraffin CaHan +2-+ 0, (e.g., propane 
and butane) mixtures at , = 730mm. It will be seen that, in striking contrast with the 
olefin explosions, where neither separation of carbon nor any material condensation of 
steam occurs, the corresponding paraffin explosions result in dense clouds of carbon, 
followed after cooling by a copious condensation of steam, and subsequent examination 
would also reveal both aldehyde and methane formation. In Table II are shown full 
details of similar experiments carried out in my laboratories. 

Such results (it may be added) are entirely consistent with the hydroxylation theory, 
which would require separation of carbon and much steam as well as some aldehyde survival 
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TABLE II. 
Comparative Explosions of C,Ho, + 80, and CaHony2 + $0, Mixtures. 
C,H, + 20,. 


Original mixture. C,H, + 0, CsH, + 140,. n-C,Hg. tso-C,Hg. C,H, +O, CsHg +140, CyHye + 20,. 

563 479 438 698 592 

1244 1169 982°5 1048 1028 
PolPr 2°20 2°43 2°20 1°50 
Percentage... ° or 0°90 1°40 4°30 
comparison ... | 50°9 50°50 50°20 34°75 
of gaseous ... i ro 0°65 1'90 3°90 
products: ... . 5 160 3°00 9°20 
-H 46°5 46°35 43°50 47°85 


ceed C£BGe Cae € eh & Ss 


ture 675 675 338 630 630 322 584 584 292 698 1047 349 708 945 355 823 1018 411 

gaseous pro- 
ducts 677 634 318 634 590 305 574 515 260 587 756 227 593 700 237 741 790 299 
— 41 20 — 40 17 Io 69 32 <r 291 122 I1I5 245 118 82 238 112 


Sharp p bluish flames. No separation of carbon. No(oronly Lurid yellow-red flame, copious carbon deposit 
just visible) condensation of steam. Products of i#so- and considerable H,O-formation. Condens- 
butylene explosion contained H,C:O. ates all gave aldehyde-reaction. 


in the paraffin explosion, while the corresponding olefin explosions can be brought into line 


with it by supposing their substantially involving successive eliminations of H- ‘Cs OH 
—-»H,C‘O (formaldehyde) groups which, rapidly decomposing in the flame, yield (as 
does formaldehyde) equal volumes of carbonic oxide and hydrogen without any carbon 
separation or material steam formation, somewhat as follows : 


CH,°CH:CH, —-> CH,°CH:CH-OH —> CH,:CH, + — O 
Co - ao -H, 

CH,:CH-OH —> CH(OH):CH-OH 
aT— 
3H,C:0 

a 
SCO + 2H, 


(6) Explosions of Olefin-Oxygen Mixtures containing Less Oxygen than CrHon + 3Oo. 
—Another very remarkable feature of the explosion of olefin-oxygen mixtures is that, 
whereas little or no steam is produced when the oxygen present corresponds with the 
CrH2n + 20, proportion, more and more of it will appear in the cooled products if and as 
the oxygen ratio is progressively diminished therefrom, even though progressively more 
carbon is simultaneously deposited. 

Experiment. To illustrate this point, mixtures of 3C,H, + 20,, C,H, + 1}0,, and 
CyHg + 140,, respectively, will now be exploded in sealed bulbs at initial pressures of 
ca. 600 mm. It will be seen that in each case the flame is accompanied by a copious separ- 
ation of carbon, and an inspection of the cooled products will enable the condensation of 
steam to be verified. Particulars of similar experiments previously carried out in my 
laboratories are shown in Table III. 


TABLE III. 


Olefin-Oxygen Explosions. 
Original mixture. 3C,H, + O,. C,H, + 140,. C,H, + 140,. 
682-0 574:0 
1213-0 1094-0 
1-78 1-90 
3°50 
Composition, %, : ‘ 41°40 
of gaseous pro-< C,H,, ’ , 4°75 
ducts : CH , 7°55 
42-80 
H,. O,. 
Units in original mixture 899 347 
os gaseous products 713 265 
Difference 186 82 
Percentage of original O, in condensed 
products as H,O and aldehyde . 23°6 
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Again, such results are what might be anticipated from the hydroxylation theory ; 
because, whenever the oxygen originally present in the medium is Jess than that which is 
requisite for the successive elimination as H,C:0 of all the postulated -CH, units, there 
must finally be some breakdown of a *CH:CH-OH complex with production of both carbon 
and steam. Moreover, the fact that in such circumstances the proportion of the original 


Fic. 2. 
Influence of Pressure on the Ignition Temperatures of Pentane-Air Mixtures (Townend and Mandlekar). 
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oxygen surviving as steam in the cold products increases always with a growing oxygen- 
defect in the original medium strongly supports “‘ hydroxylation.” 

(7) The Influence of Pressure upon the Spontaneous Ignition of Hydrocarbon—Air 
Mixtures.—Before leaving this part of my subject, I want briefly to refer to an important 
discovery concerning the influence of pressure upon the spontaneous ignition of hydro- 
carbon-air mixtures recently made by my colleague Dr. D. T. A. Townend (Townend and 
Mandlekar, Proc. Roy. Soc., 1933, A, 141, 484) which, besides its theoretical interest, has a 
direct bearing upon the problem of “ knock ” in petrol-air engines. 
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Dr. Townend’s experiments have so far comprised the explosive ranges of n- and 
iso-butanes as well as of m-pentane with air and he is now extending them to those of other 
hydrocarbons. He has found that, as the pressure is progressively raised from 1 to 15 
atmospheres in each case, what may be termed the observed ignition temperatures fall 
into two well-defined groups separated by a temperature range in which no ignition points 
occur. 

This may be illustrated by the accompanying diagrams (Fig. 2) summarising his results 
for pentane-air mixtures in which ignition temperatures for a series of pressures between 
1 and 10 atmospheres are plotted (ordinates) against percentages of pentane (abscisse) 
in the media concerned. It will be seen that whereas at atmospheric pressure the observed 
ignition-points all lie above 490°, at all pressures above 5 atmospheres they all lie below 
350°. At each intermediate pressure between 1 and 5 atmospheres transference of an 
ignition point from the higher to the lower group occurs sharply on the attainment of a 
definite critical transition pressure which varies slightly with the composition of the 
medium. Moreover, addition to the medium of an “ anti-knock’’ compound, such as 
lead tetraethyl, at pressures near such “‘ critical transition pressure ”’ effects a transfer of 
its ignition-point from the lower to the higher group. Similar results have accrued with 
the other hydrocarbons examined. 

In practice, whereas “‘ knock ”’ in a given medium would thus seem conditioned by its 
pressure permitting of ignition at the /ower of the two temperature ranges, within a certain 
intermediate pressure-range it may be obviated by the presence of an “‘ anti-knock.’’ The 
explanation of such occurrence may possibly be connected with the influence of pressure 
upon the stability of some one or more of the oxygenated compounds intermedially formed 
during the hydrocarbon combustion. 


V. CONCLUDING REMARKS: HYDROXYLATION VERSUS PEROXIDATION. 


(1) General—tIn addition to the experiments which have been specifically referred to, 
many others have been done embracing every possible condition between slow combustion 
and detonation, including pressures from as low as one-third of an atmosphere up to as 
high as 100 atmospheres, and the cumulative evidence of all leaves no doubt in my mind 
but that “‘ hydroxylation ”’ affords the best general view of the normal course of hydro- 
carbon combustion, and as such I commend it to you. It should not, however, be inter- 
preted or applied too rigidly; for a theory should be judged by its ability to give a con- 
sistent interpretation of the facts to which it applies, and it may be accepted as a serviceable 
implement so long as it succeeds in doing so and until a better one is available. ‘‘ Let us 
beware of idols.” 

(2) Directness of the Oxidation.—I feel bound to say, however, that, while agreeing with 
H. E. Armstrong as to the combustion involving successive hydroxylations, I differ from 
him as to the mechanism thereof. For while (to take the case of methane) he regards each 
step as involving the intervention of steam and the simultaneous formation of hydrogen 
peroxide, thus: CH, + HO-H + 0:0 = CH,°OH + H,O,, etc., my own experiments 
lend no support to such a view. For they have shown that, while intensive drying by 
phosphoric oxide has little or no effect upon the slow combination of either C,H, + O, 
or C,H, + O, mixtures at ca. 430° and 415°, respectively, it accelerates the speeds of 
flame propagation through them in explosive combustion. Hence I cannot but regard the 
oxidation as direct, or in other words as unconditioned by the presence of steam. 

(3) The Peroxidation Theory.—In recent years, however, there has been much talk 
about the initial association of the hydrocarbon and oxygen resulting in an alkyl “‘ peroxide ”’ 
rather than in a hydroxylated molecule, and in the remaining time we may profitably 
consider the suggestion in the light of the latest evidence available. 

Alkyl peroxides (e.g., CH,°O°OH and CH,*O-O-CH,), which were first described in 
1900—1 by Baeyer and Villiger (Ber., 1900, 33, 3387; 1901, 34, 378) and have recently 
been re-investigated by Rieche and his collaborators (Ber., 1928, 61, 961; 1929, 62, 218, 
438), are obtained by acting upon a dialkyl sulphate with hydrogen peroxide in alkaline 
solution. They are unstable endothermic liquids which readily explode upon being 
5M 











1614 Bone: The Combustion of Hydrocarbons. 


suddenly heated or subjected to “ shock,’”’ producing aldehydes and hydrogen together 
with hydrocarbons, alcohols, acids, and steam. 

It was the late Professor Callendar (Engineering, 1927, 123, 147, 182, 210) who, as the 
outcome of experiments upon the slow combustion of hexane—which resulted in the 
formation of valeraldehyde, acetaldehyde, and formaldehyde without any detectable 
initial hexyl alcohol, C,H,,-OH—first suggested that the initial oxidation of a hydrocarbon 
in air more probably involves the formation of an alkyl peroxide “‘ by the direct incorpor- 
ation of the oxygen molecule in the hydrocarbon molecule and after collision,’’ which subse- 
quently decomposes into aldehydes and water, thus : 


HH HH H 4H 
R-C-C-R + 0:0 = R-C-C:R or R-C:0-0°C'R, etc. 
HH OH H H 
0 
H 


The idea was then put forward to explain ‘‘ knock ”’ in petrol engines, though it is rather 
difficult to see how, if valid in such connection, it can at the same time be applied to the 
normal course of the combustion. 

Two years later, Thompson and Hinshelwood (Proc. Roy. Soc., 1929, A, 125, 291), after 
studying the kinetics of the oxidation of ethylene in silica vessels at temperatures between 
400° and 500°, and finding that the rate is affected by the total pressure approximately as 
in a reaction of the third order, the effects depending very much more on the partial 
pressure of the ethylene than on that of the oxygen, suggested as a via media that while 
““ there is no doubt that Bone’s interpretation of the complete course of oxidation as a process of 
successive hydroxylations is essentially correct . . . the first stage in the reaction is the form- 
ation of an unstable peroxide ; if this reacts with more oxygen the chain ends, but if it reacts 
with ethylene unstable hydroxylated molecules are formed which continue the chain.’’ It should 
be noted, however, that they adduced no experimental proof of the actual initial formation 
of the assumed peroxide. 

Although at first sight the notion may seem plausible enough, and obviates the difficulty 
which some feel of an initial termolecular reaction,* I venture to think that it is not merely 
unsupported by any valid experimental evidence but contrary to much that has been 
established. 

It is not enough to show, as some have done, that during the slow oxidation of a hydro- 
carbon products are formed capable of liberating iodine from a solution of potassium iodide, 
because {at least in the presence of oxygen) aldehydes will do so. Nor would it suffice 
to prove the formation of some unidentified ‘‘ peroxide ’’ during the combustion process, 
without also proving it to be the imitial product and not merely a peroxide incidentally 
formed (as we now know) during the further oxidation of an aldehyde; but so far such 
proof has been entirely wanting. And it seems to me that until the upholders of the 
peroxidation theory can produce such evidence they have no real case to go to the jury. 

During the past four years, my colleagues and myself have sought diligently, but so far 
wholly in vain, for any such evidence in the slow combustion of methane, ethane, propane, 
and ethylene ; for, although we have found unmistakable signs of secondary ‘‘ peroxidation ”’ 
of aldehydes, there has been none of any primary peroxidation of the hydrocarbon itself. 
And we are of opinion that the peroxidationists have confused the two effects. 

Thus, for example, in the case of ethylene—which, being unsaturated, should be prone 
to an initial “ peroxidation,” if such really does occur—we have found with its most 
reactive 2C,H, + O, mixture at 300° no trace whatever of any “ peroxide,” C,H,O,, 
during the “induction period,”’ although aldehyde is always discernible, and the test 
applied for peroxide is, if anything, more delicate than that for the aldehyde. Moreover, 

* This, however, does not seem formidable to me; for in slow combustion it may well need the 
combined pull of two hydrocarbon molecules to dissociate an oxygen molecule, and in flames oxygen 
atoms may act. Moreover, in view of the overwhelming affinity between them, it is conceivable that 
when a hydrocarbon molecule meets one of oxygen, the two might hold each other in transient physical 
association until hit by a second hydrocarbon molecule, with consequent imniediate formation of two 
molecules of the monohydroxy-compound as the first recognisable chemical result. 
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during the subsequent “‘ reaction period ” no peroxide appears until there has been a fair 
accumulation of formaldehyde, the two reaching a maximum almost simultaneously, and 
the peroxide disappearing before the end of the experiment while there is still free oxygen 
remaining in the system. Hence it would seem that a certain accumulation of aldehyde 
always precedes any appearance of “ peroxide,” the latter (if observed at all) being 
dependent on the former. 

These results are shown graphically in Fig. 3, where the partial pressures of each 


Fic. 3. 
Course of reaction in a moist 2C,H, + O, medium at 300°. 
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TABLE IV. 


Durations of (i) Induction and (ii) Reaction Periods in the Slow Combustion of Hydrocarbon 
Oxygen Mixtures. 











Hydrocarbon ...... Methane Ethane Propane Ethylene 

Temperature, ° C.... 447° 316° 267° 300° 

Hydrocarbon—oxy-  — — » < —_* — _ ~— A . 
gen ratio ......++. 3:1 2:1 12:1 1:2 2:2 2:12 1:2 2:1 1:1 1:2 3: fF 3:1 tsi 2:2 


Duration of 
(i) induction 
period (mins.) 10 3°5 10 18 3 30 3=660 110 170 700 25 16 44 47 


(ii) reaction 
period (mins.) 150 35 400 * 13. 35 = =225 14 21 32 20 16 26 330+ 


Note.—The methane-oxygen and ethylene-oxygen mixtures were all saturated with moisture at 
room temperature, but all the others were dried by phosphoric oxide. 
* Too long to be measured. 
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constituent in the medium, as well as the total pressure, are plotted against time throughout 
the whole course of the experiment. It should be noted, however, that whereas the 
partial pressures of ethylene, C,H,O-isomerides, steam, oxygen, and oxides of carbon are 
plotted in millimetres as found, those of formaldehyde, 
formic acid, CaHy,,2, and “‘ peroxides’’ have all been 
multiplied by 10 in order to make them more easily read. 

The conclusion that such peroxide-formations are 
accidental rather than a normal and constant feature during 
such slow oxidations has been reinforced by the results of 
Newitt’s experiments upon the pressure-oxidations of the 
various hydrocarbons he has studied. For while he has 
isolated alcohols, aldehydes, and acids in relatively large 
quantities, he has never been able to detect any trace of 
peroxide from first to last during the process. And in view 
of the consideration that pressure should favour the stability 
of any peroxide formed, his failure to find any is significant. 

In order to demonstrate these points to you, the relevant 
experiments were carried out in my laboratories yesterday 
and I have here aqueous solutions of the soluble reaction 
products obtained. The first three are those obtained (i) 
towards the end of the “ induction period,’’ (ii) midway 
through the “ reaction period,” and (iii) at the end of an 
experiment at 300° with a 2C,H,-+ O, mixture. On 
applying the usual qualitative tests we shall find that 
whereas (i) and (iii) contain aldehyde but no peroxide, (ii) 
contains both. The fourth solution is from a pressure- 
oxidation of ethylene at 240° and 50 atms. pressure and 
on testing it we shall find aldehyde but no peroxide. Indeed 
the full scheme for the slow oxidation of ethylene, embody- 
ing our latest results, is as annexed. 

Finally it may be urged against the “ peroxidation 
theory ” that (as already stated) in the slow oxidation of 
gaseous hydrocarbons at atmospheric pressure, the most 
reactive mixture is not the equimolecular but one in which 
the hydrocarbon : oxygen ratio is 2: 1, #.e., corresponding 
with the alcohol-forming proportion. This is shown in 
Table IV. 

Against all this weighty rebutting evidence, what have 
we on the other side so far? I venture to think nothing 
more than surmise without any tangible experimental proof, 
for which so far we have waited in vain. My mind is still 
as always open to conviction upon sufficient experimental 
evidence forthcoming; but it must be unmistakably clear, 
and pertaining to such gaseous hydrocarbons as have been 
considered herein ; because the higher one ascends in a given 
series of hydrocarbons, the more complex is the sequence 
of changes involved, and it becomes well-nigh impossible 
to discriminate between the main and side reactions, or 
between primary and secondary happenings. 

Doubtless in such cases, there is more room for side 
reactions of all kinds, some of which may involve incidental “ peroxidation,” especially of 
aldehydes; therefore I wish it to be understood that, while on present evidence rejecting 
the ‘“‘ peroxide’ theory as applied to the main and normal course, and especially to the 
initial stage, of hydrocarbon combustion, I by no means exclude incidental ‘‘ peroxidations ” 
of intermediate products. But even as regards “ knock,’’ nothing as yet is really proven, 
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and it seems to me that Dr. Townend’s recent discovery, to which reference has been made, 
suggests an alternative explanation of the phenomenon which it may be hoped he will 
thoroughly explore. 


In conclusion I desire to express my indebtedness and thanks to my colleagues 
Drs. D. M. Newitt and D. T. A. Townend, as well as to Messrs. L. E. Outridge and H. F. 
Rance, for their devoted help in carrying out the experiments included in my Lecture. 





380. Constituents of Filix Mas. Part II. The Synthesis of 
Filicinic Acid. 
By ALEXANDER ROBERTSON and (the late) WILLIAM F. SANDROCK. 


By the hydrolytic decomposition of filicin, aspidin, albaspidin, and flavaspidic acid with 
aqueous sodium hydroxide and zinc dust Boehm isolated a compound, filicinic acid, which 
he concluded to be 1 : 1-dimethylcyclohexane-2 : 4 : 6-trione (gem-dimethylphloroglucinol) 
(Annalen, 1898, 302, 171; 1899, 307, 249; 1901, 318, 230, 253; 1903, 329, 289, 321). This 
important degradation product has now been synthesised by the general method used by 
Curd and Robertson for the synthesis of C-methylphloroglucinol (this vol., p. 437). 


CMe,CO,Et CH,*CO,Et CO-CMe,-CO,Et Me, Me 
Coch + (O —»> GHcoe: —» MO( )OH 
H,-CO,Et bocus-co i 
(I.) (II.) (IIT.) (IV.) 


The interaction of (I) and the sodio-derivative of (II) gave rise to the pentanedione (III), 
which on ring closure with sodium ethoxide yielded the ester (IV, R = CO,Et). Simultane- 
ous hydrolysis and decarboxylation of this ester yielded filicinic acid (IV, R = H) identical 
in every way with a specimen prepared from flavaspidic acid according to the directions 


of Boehm (loc. cit.). 
EXPERIMENTAL. 


Dimethylmalonyl Chloride Monoethyl Ester.—Alcohol (80 c.c.) containing potassium hydroxide 
(2-8 g.) was added in 6 portions to ethyl dimethylmalonate (9-7 g.) in alcohol (40 c.c.); after 
each addition the mixture was warmed until neutral (about 5 minutes). The solution was finally 
refluxed for 10 minutes, kept for 24 hours, filtered, and concentrated in a vacuum. Ether 
(400 c.c.) was added to the residual liquor (30 c.c.) and the gelatinous precipitate of the mono- 
potassium salt was collected and dissolved in a little water, the solution acidified with hydro- 
chloric acid, and ethyl hydrogen dimethylmalonate isolated with ether. Distilled in a vacuum, 
it was obtained as a colourless oil (5 g.), b. p. 135—136°/19 mm.; 114—116°/6 mm. [Found : 
C, 52-5; H, 7-8; CO,H, 29-3. C,.H,,0,(CO,H) requires C, 52-5; H, 7-5; CO,H, 28-1%]. 

The acid (29 g.) was treated with phosphorus pentachloride (42 g., added in portions in the 
course of 45 minutes), and the reaction controlled by occasional cooling in tap-water. After 
removal of the phosphorus oxychloride in a vacuum the residue was fractionally distilled, 
yielding a main fraction, b. p. 75—85°/25 mm. Redistilled several times, the chloride was 
obtained as a mobile liquid (27 g.), b. p. 74—78°/19 mm. (Found : Cl, 20-0. C,H,,0,;Cl requires 
Cl, 19-9%). Careful treatment of the chloride (1 c.c.) with aniline (2 c.c.) at 0° gave the anilide, 
which separated from light petroleum (b. p. 40—50°) in colourless flat prisms, m. p. 47—48° 
(Found : C, 66-5; H, 7-2. C,3H,,O,N requires C, 66-4; H, 7-2%). 

The chloride was also prepared by means of an excess of thionyl chloride at room temperature 
and then at 90° for 1 hour, and subsequent fractionation of the mixture. 

Ethyl 1: 1-Dimethylcyclohexane-2 : 4 : 6-irione-3 : 5-dicarboxylate (IV, R = CO,Et).—The 
foregoing chloride (20 g.) in ether (40 c.c.) was added to a solution of ethyl sodioacetonedi- 
carboxylate (prepared at 0° from 22-8 g. of the ester and 2-6 g. of powdered sodium) in ether 
(400 c.c.) and the mixture was kept for 1 hour and then refluxed for 15 hours. Sufficient water 
was added to dissolve the sodium chloride, the ethereal layer was separated, washed, dried, 
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and evaporated, and the residue distilled in a vacuum, yielding a main fraction (14-3 g.), b. p. 
165—180°/3 mm., which consisted chiefly of ethyl 1: 1-dimethylpentane-2 : 4-dione-1 : 3: 5- 
tricarboxylate (III). This ester after repeated distillation was obtained as a yellow viscous 
oil, b. p. 175—180°/5 mm. [Found : OEt, 37-2. C,,H,O,(OEt), requires OEt, 39-2%]. 

When the mild reaction between alcohol-free sodium ethoxide (from 1 g. of sodium) and 
the ester (III) (5 g.) in ether (50 c.c.) had subsided (the mixture became orange-coloured), the 
solvent was distilled and the residue was kept at 100° for 1-5 hours, cooled, and dissolved in 
water (50 c.c.). The addition of dilute sulphuric acid threw down the ester (IV, R = CO,Et), 
which was well washed with water and crystallised from light petroleum (b. p. 80—100°), 
forming colourless needles, m. p. 147—148° after slight sintering at 143°, readily soluble in 
benzene or acetone [Found: C, 56-3; H, 6-0; OEt, 28-5. C,,H,O;(OEt), requires C, 56-4; 
H, 6-0; OEt, 30-2%]. The compound rapidly dissolves in aqueous sodium bicarbonate, and 
gives with alcoholic ferric chloride a dark red coloration which becomes red-brown on dilution 
with water. 

Filicinic Acid (IV, R = H).—A solution of the foregoing ester (2 g.) in 15% aqueous sodium 
hydroxide containing zinc dust (1 g.) was refluxed for 10 hours, and the resulting filicinic acid 
precipitated at 0° with cold 40% sulphuric acid. Crystallised from water, it formed colourless, 
irregular, octahedral prisms, m. p. 215° after sintering at 210° when slowly heated; m. p. 220° 
(decomp.) when placed in a bath at 210° and rapidly heated (Found: C, 62-1; H, 6-5. Calc. 
for C,H,,O,;: C, 62-3; H, 6.5%). The synthetical compound was identical with the natural 
compound, m, p. 215° or 220°, having the same red-brown ferric chloride reaction in water 
and giving the characteristic colorations on warming with aniline (red-violet) and with aniline 


and acetic acid (green). 
The cost of the materials was partly defrayed by a grant from the Chemical Society. 


LONDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 


UNIVERSITY OF LONDON. [Received, October 19th, 1933.] 





381. Syntheses of Glycosides.* Part X. The Synthesis of Primeverin. 
: By E.Fep T. JONES and ALEXANDER ROBERTSON. 


THE bioside primeverin which occurs along with its isomeride primulaverin in the root 
of Primula officianalis has been shown by Goris and his co-workers (Bull. Sci. Pharm., 1909, 
16, 695; 1912, 19, 577; 1920, 27, 13) to be a primeveroside of methyl 4-methoxysalicylate. 
The synthesis of this compound has now been achieved by the general method developed 
by Robertson and Waters (J., 1931, 1881) for the synthesis of monotropitoside. 

In the following, the Roman numerals are those in the scheme already given (loc. cit., 
p. 1882), but R is now -CgH,(OMe)-CO,Me. 

By the interaction of methyl 4-methoxysalicylate and O-tetra-acetyl-«-glucosidyl 
bromide in the presence of silver oxide and quinoline the tetra-acetate of (I) was obtained 
in excellent yield, and on deacetylation with methyl-alcoholic ammonia this compound 
yielded the glucoside (I). The triphenylmethyl ether (11) was obtained from (I) in the usual 
manner and converted into the ériacetate (III), which on subsequent removal of the tri- 
phenylmethyl group with hydrogen bromide in acetic acid furnished the 2 : 3 : 4-O-tri- 
acetyl-B-glucoside of methyl 4-methoxysalicylate (IV). The condensation of (IV) and 
O-triacetyl-«-xylosidyl bromide gave rise to an amorphous product which appeared to 








OMe 
_ (6) () 
O-CH-[(CH (OH)],°CH-CH,°O-CH- [CH (OH)),°CH, 
O.Me | O J | O— | 
2 


consist mainly of (V), since on deacetylation it gave rise to a syrup from which the crystalline 
8-primeveroside (VI) was eventually isolated and found to be identical with a specimen 


* The general term “‘ glycoside ’’ has been substituted for “‘ glucoside,’ used in Parts I—IX (compare 
this vol., p. 1167). 
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of the natural bioside kindly presented to us by Professor Goris. Acetylation of the 
natural and the synthetic glycoside gave rise to the same crystalline hexa-acetate (V). 


EXPERIMENTAL. 


O-Tetra-acetyl-B-glucoside of Methyl 4-Methoxysalicylate.——Esterification of 4-methoxy- 

salicylic acid, m. p. 156° (Kostanecki and Tambor, Ber., 1895, 28, 2308) with methyl-alcoholic 
sulphuric acid gave the methy] ester, m. p. 52° (compare Herzig, Wenzel, and Batscha, Monatsh., 
1903, 24, 881, and Mutschler, Annalen, 1877, 185, 222, who respectively record m. p. 48—50° 
and 49°). 
Silver oxide (5 g.) was stirred into a paste of this ester (4 g.), O-tetra-acetyl-«-glucosidyl 
1 bromide (10 g.), and quinoline (10 c.c.), occasionally cooled in tap-water. The mixture was 
agitated for 10 minutes, kept in a desiccator for $ hour, and extracted with warm acetic acid 
(50 c.c. at 45°). The filtered (charcoal) extract was poured into ice-water (500 c.c.), and the 
tetra-acetate well washed and crystallised from methyl alcohol, forming elongated prisms (11-5 
| g.), m. p. 138—139°, [«]23, — 66-0° in acetone (c, 0-83), readily soluble in acetone, chloroform, 
or benzene (Found: C, 53-9; H, 5-5. C,3H,,0,3 requires C, 53-9; H, 5-5%). 

B-Glucoside of Methyl 4-Methoxysalicylate (I).—Methyl alcohol (45 c.c.) containing a sus- 
pension of the foregoing tetra-acetate (2 g.) was saturated at 0° with dry ammonia. The solid 
quickly dissolved and 6 hours later the removal of the ammonia and methyl alcohol in a vacuum 
left the glucoside as a colourless crystalline solid, which separated from warm water as a hemi- 
hydrate in slender needles, m. p. 124—126°, [«]33, — 82-36° in acetone (c, 0-41) (Found: C, 
50-9; H, 6-0. C,,H_.O,,0-5H,O requires C, 51-0; H, 5-9%). Dried in a high vacuum at 110°, 
a specimen had m. p. 134—136° (Found: C, 52-2; H, 6-0. C,;H, O, requires C, 52-3; H, 
5-8%). 

6-O-Triphenylmethyl-B-glucoside of Methyl 4-Methoxysalicylate (II).—A mixture of the 
afore-mentioned glucoside (1-2 g.), triphenylmethyl chloride (0-95 g.), and pyridine (8 c.c.) 
was heated on the steam-bath for 1 hour, kept at room temperature for 3 days, diluted with 
sufficient water to form a slight turbidity, and 1 hour later poured into ice-water (200 c.c.).. 
The product was triturated with water until it solidified, and crystallised from dilute methyl 
alcohol, forming microscopic plates, m. p. 120° after sintering at 87°, [«]3);, — 36-72° in acetone 
(c, 0-31), readily soluble in chloroform or warm alcohol (Found: C, 69-9; H, 5-5. C,,H,,0, 
requires C, 69-6; H, 5-8%). 

6-O-Triphenyl-2 : 3 : 4-O-triacetyl-B-glucoside of Methyl 4-Methoxysalicylate (IV).—Treat- 
ment of the triphenyl ether (1 g.) with acetic anhydride (2 c.c.) and pyridine (25 c.c.) at room 
temperature for 18 hours gave rise to the triacetate, which separated from methyl alcohol in 
elongated hexagonal plates, m. p. 168—169°, [«]3/,, — 103-41° in acetone (c, 0-49) (Found: C, 
67:4; H, 5-6. CygHyO,, requires C, 67-4; H, 5-6%). 

This acetate was also prepared directly without isolation of the ether (II). A solution of 
the glucoside (I) (5 g.) and triphenylmethyl chloride (4-4 g.) in pyridine (40 c.c.) was warmed 
on the steam-bath for 1 hour, kept at room temperature for 24 hours, and mixed with acetic 
anhydride (40 c.c.). 3 Days later the triacetate (8 g.) was isolated in the usual manner, m. p. 
and mixed m. p. 168° after purification. 

2:3: 4-O-Triacetyl-B-glucoside of Methyl 4-Methoxysalicylate (IV).—Scission of the tri- 
phenylmethy] ether (5 g.), dissolved in acetic acid (12 c.c.), was effected with a saturated solu- 
tion of hydrogen bromide in acetic acid (1-5 c.c.) in the course of 1 minute. The rapidly filtered 
solution was immediately poured into ice-water, and a solution of the product in chloroform 
(200 c.c.) washed with ice-water until free from acetic and hydrobromic acids, dried with sodium 
sulphate, and evaporated in a vacuum at 30°, leaving the /riacetyl glucoside as a crystalline 
solid, which separated from ethyl acetate-light petroleum in rectangular prisms, m. p. 136°, 
[a]2t;, — 40-82° in acetone (c, 0-29), readily soluble in alcohol or benzene (Found : C, 53-6; H, 
5:7. C,H.0j2 requires C, 53-6; H, 55%). Treatment of this compound with acetic anhydride 
and pyridine gave the tetra-acetyl-8-glucoside of methyl 4-methoxysalicylate, m. p. and mixed 
m. p. 138—139°. 

Primeverin (V1).—Active silver oxide (3-5 g.) was added to a solution of the foregoing tri- 
acetate (1-5 g., well dried) and O-triacetylxylosidyl bromide (Levene and Sobotka, J. Biol. 
Chem., 1925, 65, 465) (5 g.) in warm dry benzene (25 c.c. at 35°), and the mixture vigorously 
agitated for 1 hour and refluxed for 5 minutes. Excess of benzene was added, the silver salts 
filtered off, the solvent distilled in a vacuum, a solution of the residue in acetone (200 c.c.) 
evaporated in a vacuum, the benzene-free product dissolved in methyl alcohol (100 c.c.), and 
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the solution diluted with excess of water. The resulting precipitate was triturated with water 
and finally obtained as an amorphous solid, which separated from solvents as a viscous syrup. 
This material, which gave the phloroglucinol and orcinol reactions for a pentose and did not 
reduce Fehling’s solution, appeared to consist mainly of primeverin hexa-acetate. Repetition 
of the condensation under slightly modified conditions always gave rise to the same product. 

Treatment of the amorphous substance (4 g.) with methyl-alcoholic ammonia (250 c.c.) 
at 0° for 6 hours and subsequent removal of the ammonia and solvent in a vacuum left a viscous 
syrup, which did not immediately crystallise and on acetylation re-formed the original material. 
A solution of this syrup in methyl alcohol (20 c.c.) was allowed to evaporate at room temperature 
in the course of 5—6 days. This procedure was twice repeated, and the residue dissolved in 
the same solvent (40 c.c.) contained in a loosely stoppered vessel. On slow evaporation in the 
course of 2 months crystalline primeverin gradually separated; it was filtered off from the 
accompanying syrup, washed with a little methyl alcohol, and recrystallised from the same 
solvent or from ethyl alcohol, forming prismatic needles, m. p. 205° alone or mixed with a 
natural specimen, [«]7)” — 76-75° in water (c, 1-06) (Found in material dried in a high vacuum 
at 105°: C, 50-3; H, 6-0. Calc. for C,.H,,0,,;: C, 50-4; H, 5-9%) (Goris and co-workers, 
loc. cit., record [«]p — 71-53° in water). On one occasion a specimen separated from 96% 
alcohol which on heating melted at 188—189°, solidified about 195—197°, and then remelted 
at 205° (compare Goris and co-workers, Joc. cit.). Recrystallised from methyl alcohol, this 
material melted at 205°. 

Acetylation of the pure synthetic primeverin (both forms) with acetic anhydride and pyridine 
at room temperature gave rise to the hexa-acetate (V), which separated from dilute methyl or 
ethyl alcohol in slender needles and was identical in every way with a specimen similarly pre- 
pared from the natural glycoside, m. p. and mixed m. p. 125° (Found : C, 52-8; H, 5-7. Cs.H gO, 
requires C, 52-7; H, 55%). This derivative is readily soluble in absolute methyl or ethyl 
alcohol, acetone, or benzene and separates from warm ligroin in microscopic needles. 


The authors are indebted to the Chemical Society for grants. 


LonpDON SCHOOL OF HYGIENE AND TROPICAL MEDICINE, 
UNIVERSITY OF LONDON, (Received, October 19th, 1933.] 





382. The Diazotisation of Aromatic Nitro-amines and the Prevention of 
Diaryl Formation in the Sandmeyer Reaction. 


By HERBERT H. HopGson and JOHN WALKER. 


THE diazotisation of weak bases such as 2- and 4-nitro- and 2 : 4-dinitro-l-naphthylamine 
is rapid and complete when a solution of the nitro-amine in glacial acetic acid is added to 
one of sodium nitrite in concentrated sulphuric acid: reversal of the order of addition 
precipitates the sulphate of the base and greatly retards the rate of diazotisation. 

(1) When the diazo-solution thus obtained is added in the cold to a solution of cuprous 
chloride or bromide in the corresponding concentrated acid, or to a saturated aqueous 
solution of potassium iodide, decomposition rapidly takes place and the almost pure 
halogenonitro-compound is precipitated in at least 80% yield: diaryl formation has not 
been detected. o0-, m-,and p-Nitroaniline, 2 : 4-dinitroaniline, 2-, 4-, and 5-nitro-l1-naphthyl- 
amine, 2 : 4-dinitro-l-naphthylamine, and 1-nitro-2-naphthylamine have thus been con- 
verted into the corresponding chloro-, bromo-, and iodo-nitro-compounds. Moreover, 
4 : 4’-dichloro-3 : 3’-dinitrodiphenyl has been obtained in 80% yield from 3 : 3’-dinitro- 
benzidine, whereas Cain, Coulthard, and Micklethwait (J., 1913, 103, 2074) obtained only 
4’ : 4’"'-dichlorotetranitrobenzerythrene from this base (then regarded as 3: 5’-dinitro- 
benzidine) by the usual process. 

If, prior to treatment with the cuprous chloride or bromide solution, the diazo-solution 
is diluted with water (ice), the Sandmeyer reaction does not proceed satisfactorily, tar 
being frequently formed, and in the case of 2 : 4-dinitro-l-naphthylamine (Morgan and 
Evens, J., 1919, 115, 1126), 4-nitronaphthalene-1-diazo-2-oxide being produced. 

(2) If an equal volume of ethyl alcohol is added, with cooling, to the undiluted diazo- 
solution, and the temperature is then gradually raised to 80°, elimination of the diazo- 
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group takes place. By this means 50% yields of 2-nitronaphthalene and 1 : 3-dinitro- 
naphthalene (hitherto difficultly accessible; compare Vesely and Dvorak, Bull. Soc. chim., 
1923, 33, 319) have been obtained from 2-nitro- and 2: 4-dinitro-l-naphthylamine re- 
spectively. 

EXPERIMENTAL. 

General Method of Diazotisation.—A solution of the nitro-amine in hot glacial acetic acid 
(1 g. per 12 c.c.) is rapidly cooled to room temperature and gradually stirred into a solution 
of sodium nitrite in concentrated sulphuric acid (1 g. per 7c.c.). The latter solution is prepared 
as follows: the finely powdered nitrite is added to the cooled acid with vigorous stirring, the 
temperature is raised to 70° until the nitrite has dissolved, and the solution is then cooled to 
room temperature and, if desired, filtered from sodium bisulphate. The diazotisation is con- 
ducted below 20° and a 10% excess of sodium nitrite is used (compare the usual descriptions 
of diazotisations in concentrated sulphuric acid solution, in which 500% excess is often recom- 
mended). 

4: 4'-Dichloro-3 : 3’-dinitrodiphenyl.—3 : 3'-Dinitrobenzidine was prepared by the following 
improved method of hydrolysing 3: 3’-dinitrodiacetylbenzidine (compare Hodgson and 
Gorowara, J., 1926, 1758). 15 G. were heated on the water-bath with a mixture of ethyl 
alcohol (50 c.c.), concentrated sulphuric acid (80 c.c.), and water (20 c.c.) until a clear solution 
was obtained (30—60 minutes), and this was poured into water to precipitate the crude diamine 
(if ethyl alcohol is omitted, an inferior product is obtained). The 3: 3’-dinitrobenzidine, 
m. p. 275°, after crystallisation from nitrobenzene, was powdered and stirred (2-74 g.) gradually 
below 20° into a solution of sodium nitrite (1-5 g.) in concentrated sulphuric acid (15 c.c.) pre- 
pared as described above, until complete dissolution had taken place; an equal volume of 
glacial acetic acid was then added, the temperature being maintained below 30°. This diazo- 
solution was run gradually into a well-stirred solution of cuprous chloride (4 g.) in concentrated 
hydrochloric acid (40 c.c.), and, after evolution of nitrogen had ceased, the precipitate of 4: 4’- 
dichloro-3 : 3’-dinitrodiphenyl was filtered off (yield, 80%) and crystallised from nitrobenzene, 
forming colourless needles, m. p. 237° (Found: N, 9-0; Cl, 22-6. Calc.: N, 8-95; Cl, 22-7%). 

1-Chloro-2 : 4-dinitronaphthalene, now rendered much more accessible, crystallises from 
benzene in pale yellow needles, m. p. 147° (Ullmann and Bruck, Ber., 1908, 41, 3932, give m. p. 
146-5°) (Found: Cl, 13-9. Calc.: Cl, 140%). 

1-Bromo-2 : 4-dinitronaphthalene separates from glacial acetic acid in almost colourless 
prisms, m. p. 160° (Found: N, 9-5; Br, 26-7. C,H,O,N,Br requires N, 9-4; Br, 26-9%). 

1-Iodo-2 : 4-dinitronaphthalene crystallises from cellusolve in pale straw-coloured micro- 
prisms, m. p. 183° (Found: N, 8-3; I, 36-6. C,)H,O,N,I requires N, 8-1; I, 36-9%). 


The authors thank Imperial Chemical Industries Ltd. (Dyestuffs Group) for various gifts. 


TECHNICAL COLLEGE, HUDDERSFIELD. [Received, July 28th, 1933.] 





383. An Altempted Synthesis of Primetin. 
By S. SUGASAWA. 


PRIMETIN isolated from Primula modesta by Hattori and Nagai (J. Chem. Soc. Japan, 
1930, 51, 162) is a dihydroxyflavone, C,;H,90,, and its constitution as 5 : 6-dihydroxy- 
flavone (I) was deduced from the results of hydrolysis by means of alcoholic potassium 
hydroxide, whereby benzoic acid alone was obtained, a phenolic product, probably hydroxy- 
quinol, suffering further change owing to its easy oxidisability; furthermore, one of the 
two hydroxyl groups is resistant towards methylating agents, and the absorption spectrum 
of the substance resembles that of 6-hydroxyflavone. 

According to Rodionow, Kanewskaja, and Kupinskaja (Ber., 1929, 62, 2563) hemipin- 
imide affords 5 : 6-dimethoxyanthranilic acid as the main product, when it is treated with 
potassium hypochlorite under certain conditions; this acid should be convertible into 
6-hydroxy-2 : 3-dimethoxyacetophenone (III), a suitable intermediate in the synthesis 
of 5: 6-dihydroxyflavone by the general method of Allan and Robinson (J., 1924, 125, 
2192; 1925, 127, 181, et seg.). The project was, however, unsuccessful and 5 : 8-dihydroxy- 
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flavone (IV) was probably obtained, assuming that primetin is indeed 5 : 6-dihydroxy- 
flavone. 

The direct substitution of the amino-group in 5 : 6-dimethoxyanthranilic acid by a 
hydroxyl group has failed. Also the attempted oxidation of this acid to 2-methoxy-- 
benzoquinone-3-carboxylic acid (V) afforded a brown amorphous substance (probably 
the quinone) which decomposed at about 202—205°, but owing to the unfavourable yield 
this method was not developed. The amino-group was easily replaced by bromine, but 
when the 6-bromo-2 : 3-dimethoxybenzoic acid (VI) was treated with boiling aqueous 
sodium acetate and copper acetate, the corresponding hydroxy-acid (VII) was not obtained 
(compare Hurtley, J., 1929, 1870) and o-veratric acid was the only product isolated; a 
result which is rather unexpected, although a somewhat similar case is reported by Baker, 
Kirby, and Montgomery (J., 1932, 2876), who obtained pyrogallol and its methyl ethers 
when they treated 4-iodopyrogallol trimethyl ether with aqueous sodium hydroxide. 

When 6-iodo-2 : 3-dimethoxybenzoic acid (IX) was treated with sodium benzyloxide 
in benzyl-alcoholic solution, 6-benzyloxy-2 : 3-dimethoxybenzoic acid (X) was obtained in 
good yield. The chloride of this acid was converted into 6-benzyloxy-2 : 3-dimethoxy- 
acetophenone (XI) by means of methylzinc iodide. The debenzylation of the ketone was 
effected by means of hydrochloric acid in acetic acid solution, but, as the resulting phenolic 
compound was only obtained in small quantity and would not crystallise, the product 
was immediately fused with benzoic anhydride and sodium benzoate; a bright yellow 
substance, m. p. 129—130°, was ultimately isolated. This substance and its derivatives 
do not tally with primetin or its methyl ether and on demethylation a yellow amorphous 
substance was obtained, m. p. 179—180° (primetin has m. p. 230°). Owing to lack of 
material the investigation was discontinued at this stage; it is conceivable that during 
the debenzylation, not only the benzyl group, but also the methoxyl group ortho to acetyl 
was removed and the 2 : 6-dihydroxy-3-methoxyacetophenone (XII) thus formed yielded 
5-hydroxy-8-methoxyflavone (XIII) on ring closure as the main, if not the sole product, 
and in that case the isomeric 5-hydroxy-6-methoxyflavone (XIV) (O-methylprimetin) 
might not have been isolable owing to the relatively small quantity produced. 

Experiments on the hydrolysis of the benzyloxy-group under milder condition are in 
progress. 


O 
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a) HO P Me O,H MeO. JCO-CH, 
H CO Me R’ 
(II, R = NH,,) (III, R= H; R’= Me.) 
OR O (VI, R = Br.) (XI, R = CH,Ph; R’ = Me.) 
(VII, R= OH.) (XII, R, R’ = H.) 
Ph (IX, R= IL.) 
| (X, R = O-CH,Ph.) 
OH CO 
(IV, R= H.) 
(XIII, R = Me.) 
AN MeO CO,Et EtO,C OMe An 
y O,H Ph 
o \Z ~ Meg Y——<_ oe 1 
HO CO 
(V.) (VIII.) (XIV.) 


EXPERIMENTAL. 


6-Bromo-2 : 3-dimethoxybenzoic Acid (VI).—5 : 6-Dimethoxyanthranilic acid (2 g.), dissolved 
in an excess of 15% hydrobromic acid, was diazotised by means of sodium nitrite (0-8 g.) in 
3 c.c. of water, the solution was poured into one prepared from crystallised copper sulphate 
(1-5 g.), sodium bromide (4 g.), sulphuric acid (1-5 g.), copper powder (1 g.), and water (15 c.c.), 
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and the whole was kept at ca. 20° for 5—6 hours; the evolution of nitrogen then ceased and a 
brown viscous oil was precipitated. This was isolated by means of ether (yield, 2-5 g.), but 
was not crystallised. The anilide, prepared for characterisation, crystallised from ethyl acetate— 
light petroleum in thin, light, colourless needles, m. p. 135—137° (Found : N, 4:3. C,;H,,O,NBr 
requires N, 4-2%). 

According to Hurtley (Joc. cit.) o-bromobenzoic acid is easily converted into salicylic acid 
by boiling with aqueous sodium acetate and cupric acetate. This method was applied to the 
above bromo-acid (6 g.) (crude substance), which was neutralised with sodium hydroxide 
(0-9 g.) in water (100 c.c.) and after the addition of sodium acetate (10 g.) and copper acetate 
(1 g.) the mixture was refluxed for 1 hour. The product, a light yellow crystalline powder 
(3 g.), crystallised from ethyl acetate—light petroleum in thin plates, m. p. 120—121° alone or 
when mixed with a specimen of o-veratric acid prepared from 6-iodo-2 : 3-dimethoxybenzoic 
acid by catalytic reduction (Found: C, 59-3; H, 5-4. Calc. for C,H,,0,: C, 59-3; H, 5-5%). 

6-lodo-2 : 3-dimethoxybenzoic Acid (IX).—5 : 6-Dimethoxyanthranilic acid (6 g.), dissolved 
in an excess of 10% sulphuric acid, was diazotised by means of sodium nitrite (2-4 g.) in water 
(10 c.c.), and the solution added to one made from potassium iodide (30 g.) and concentrated 
sulphuric acid (20 c.c.) diluted with water (80 c.c.). After an hour, the liquid was heated for 
30 minutes at 60—70° until the evolution of nitrogen had ceased; the iodo-acid separated as 
a heavy oil, which was collected by means of ether (yield, 8 g.). The substance crystallised 
from ethyl acetate—light petroleum in stout plates, m. p. 137—138° (Found: C, 35-5; H, 3-2. 
C,H,O,I requires C, 35-1; H, 2-9%), readily soluble in organic solvents with the exception 
of light petroleum. 

6-Benzyloxy-2 : 3-dimethoxybenzoic Acid (X).—Sodium (1-1 g.) was dissolved in benzyl 
alcohol (60 c.c.), the iodo-acid (7 g.) in the same solvent (ca. 20 c.c.) and copper powder (0-5 g.) 
were added, and the whole was heated (oil-bath, 130—150°) for 3—4 hours. On cooling, the 
product was poured into water, benzyl alcohol was removed by means of ether, and the filtered 
alkaline solution was acidified ; a yellow oil separated and soon solidified. The acid crystallised 
from aqueous methyl alcohol in nearly colourless prisms (4—4-5 g.) m. p. 128—129° (Found : 
C, 66-1; H, 5-3. C,,H,,O,; requires C, 66-7; H, 5-5%). 

6-Benzyloxy-2 : 3-dimethoxyacetophenone (XI).—A mixture of the foregoing acid (4 g.) with 
thionyl chloride (3 g.) was heated at 50—60° until the evolution of hydrogen chloride had 
ceased and a light brown liquid was obtained. The excess of thionyl chloride was removed 
under diminished pressure and a solution of the residue in dry benzene was again evaporated ; 
the acid chloride solidified when kept over potassium hydroxide in a vacuum. It crystallised 
from benzene and light petroleum as aggregates of prisms, m. p. 75—76°, but the purification 
was accompanied by much loss of substance. Therefore the solid acid chloride, thoroughly 
washed with benzene-light petroleum (1 : 5), was used in the following experiment. 

Methylzinc iodide was prepared from activated zinc (4 g.) and methyl iodide (4-5 g.) in pure 
ethyl acetate (2 g.) and toluene (4 g.), and to this solution, cooled in melting ice, the acid chloride 
(from 4 g. of the acid), dissolved in pure toluene, was introduced with shaking. The whole 
was kept for 1 hour and worked up in the usual manner; the crystalline substance obtained 
(ca, 2 g.), recrystallised from ethyl acetate—light petroleum, formed pale yellow, rhombic plates, 
m. p. 90—91° (Found : C, 70-7; H, 6-6. C,,;H,,O, requires C, 71-3; H, 6-3%). 

5-Hydroxy-8-methoxyflavone (XIII) (?).—A solution of the foregoing benzyloxydimethoxy- 
acetophenone (2 g.) in acetic acid (50 c.c.) was heated on a steam-bath and hydrochloric acid 
(6 c.c., d 1-16) was gradually introduced with shaking; after 30 minutes’ heating, a further 
volume of hydrochloric acid (3 c.c.) was added and the whole was finally boiled for 2—3 minutes 
over a gauze. The pseudo-acidic fraction of the product was isolated as a brown viscous oil 
(ca. 1 g.), which was directly heated with benzoic anhydride (5 g.) and sodium benzoate (3 g.) 
at 190—195° for about 3 hours. Ethyl alcohol (50 c.c.) was then added and, after 30 minutes’ 
refluxing, water was introduced and the alcohol evaporated. The insoluble substance was 
collected, washed, and recrystallised from alcohol, being ultimately obtained as bright yellow 
leaflets or long hairy needles, m. p. 129—130° (Found: C, 71:4; H, 5-0. C,.H,,0, requires 
C, 71-6; H, 4-5%). The alkaline filtrate was saturated with carbon dioxide and the separated 
brown material was extracted with alcohol containing a little hydrochloric acid. The yellow 
leaflets, m. p. 125—128°, obtained when the filtered solution was cooled proved to be identical 
with the substance first obtained. 

This flavone develops a bluish coloration with alcoholic ferric chloride and, as it has the 
composition C,,H,,0, and gives an acetyl derivative, must containa hydroxyl group. Evidently 
the debenzylation under the condition described above also produced demethylation and from 
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the 2: 6-dihydroxy-3-methoxyacetophenone thus obtained, 5-hydroxy-8-methoxyflavone was 
preferably formed on ring-closure. The isomeric 5-hydroxy-6-methoxyflavone (XIV) might 
have been formed at the same time, but it was not possible to isolate this compound. 

When (XIII) was acetylated by means of acetic anhydride and pyridine, a nearly colourless 
acetyl derivative was obtained, which formed very pale yellow prisms, m. p. 146—147°, from 
ethyl acetate (Found: C, 69-6; H, 4:7. C,,H,,0O,; requires C, 69-7; H, 45%). The flavone 
(XIII) (0-3 g.) was refluxed with an excess of hydriodic acid (d 1-7) and a little acetic anhydride 
for about 2 hours. The dark precipitate became yellow when treated with sulphurous acid 
and crystallised from ethyl alcohol in grains, m. p. 179—180°. The substance is probably 
5 : 8-dihydroxyflavone (IV); the addition of an aqueous solution of bleaching powder to its 
alcoholic solution caused the appearance of a green coloration, which very soon turned into 
dirty brown, probably owing to the formation of a -quinone derivative. Under such con- 
ditions, o-dihydroxy-compounds in this series generally give rise to rather stable green 
colorations. 

o-Veratric Acid.—This acid, required for a comparison (above), was obtained by the following 
method, which incidentally affords a confirmation of the constitution assigned to the dimethoxy- 
anthranilic acid from hemipinimide. 6-Iodo-2 : 3-dimethoxybenzoic acid (1 g.), palladium- 
calcium carbonate catalyst (5 g.; compare Busch and Stoeve, Ber., 1916, 49, 1063), and 10% 
alcoholic potash (50 c.c.) were mixed and shaken in hydrogen for 50 minutes, 1 mol. of the gas 
being absorbed. The resulting o-veratric acid (0-4 g.) crystallised from ethyl acetate—light 
petroleum in needles, m. p. 121—122°. 

Ethyl 3:4: 3' : 4'-Tetramethoxydiphenate (VIII).—As a tetramethoxydiphenic acid might 
have been produced in some of the processes described above, its synthesis was attempted. 
The iododimethoxybenzoic acid (IX) (1-5 g.) was mixed with thionyl chloride (1-5 g.) and, 
after heating on a steam-bath, the excess of the reagent was removed in a vacuum, and the acid 
chloride was then treated with an excess of alcohol. After distillation of the alcohol the brown 
syrupy ester was collected by means of ether and then mixed with copper powder (2-5 g.) and 
heated in an oil-bath at 250° for 1 hour. The reaction product was extracted with hot alcohol 
(charcoal) and, on cooling, the new ester crystallised in colourless prisms; after recrystallisation, 
it had m. p. 124—125° (yield, 0-5 g.) (Found: C, 62-9; H, 6-2. C,,H,,O, requires C, 63-2; 
H, 6-2%). 

The hydrolysis of this ester with boiling alcoholic potash was attempted, but without success, 
the greater part of the ester being recovered unchanged. This great resistance to the action 
of hydrolysing agents is doubtless due to the fact that both ortho-positions with respect to the 
carbethoxyl groups are occupied by substituents. 


The author is indebted to Professor S. Keimatsu and Professor Y. Asahina for their valuable 
suggestions. 


THE PHARMACEUTICAL INSTITUTE, 
IMPERIAL UNIVERSITY, TOKYO, JAPAN. [Received, October 11th, 1933.] 





384. The Action of Halogens upon the Nitrophenylazobenzoylacetones. 
By F. D. Cuatraway and D. R. ASHWorRTH. 


As in similar reactions (this vol., pp. 475, 1143), the action of chlorine or bromine upon the 
nitrophenylazobenzoylacetones alters with the medium in which the action occurs. In 
acetic acid in the presence of crystalline sodium acetate bromine replaces the acetyl group, 
yielding «-bromophenylglyoxalnitrophenylhydrazones (I). In boiling glacial acetic acid or 
chloroform it substitutes in the acetyl group, yielding first 8-bromo-, then 88-dibromo- 


CO-CH, CO-CH,Br CO-CHBr, 
R-NH:N:C-COPh <— R:NH:N:C-COPh —> sania —> R-:NH:N:C-COPh 
(I.) (II.) (III.) 


aBy-triketo-a-phenylbutane-B-nitrophenylhydrazones (II and III), the halogen not entering 
the nucleus in either case. 
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Chlorine, in chloroform or in acetic acid, either in the presence or absence of sodium 
acetate, always replaces the acetyl group, chlorine also entering the nitrophenyl nucleus 
when the reaction is carried out in acetic acid solution; ¢.g., 


Cl cacy CO°CH ac “ Cl 
NOX _NH-N:C-COPh <—No,f NH-N:C-COPh NOX NHN:C-COPh. 


The action of alcoholic potassium acetate upon the 8-bromo- and the 88-dibromo-afy- 
triketo-a-phenylbutane-8-nitrophenylhydrazones causes loss of hydrogen bromide with 
subsequent ring closure and formation of 4-hydroxy- and 5-bromo-4-hydroxy-3-benzoyl- 
1-p-nitrophenylpyrazoles (IV). 








COPh:C=—=—=N._ 5. COPh‘¢=——=N ee 
éo-cH,Br NEF be Gon:cHo NR OY) 
(or CHBr,) (or CBr) 


The action of chlorine upon these 4-hydroxypyrazoles is similar to its action upon the 
analogous 4-hydroxy-3-carbethoxypyrazoles (this vol., p. 1389), two atoms of chlorine 
substituting in the 5-position in the keto-form of the hydroxypyrazole and forming 5 : 5-d1- 
chloro-3-benzoyl-1-nitrophenyl-4-pyrazolones (V). 





COPh-C===N _._ COPh-C==N COPh-C==N » 
C(oH):cHO NR = fo-cH, NR nor 7 

COPh-C—==N in 

fon:ca NR 


One of the chlorine atoms in the dichloro-compounds is very reactive and is readily 
replaced by hydrogen on treatment with aqueous hydriodic acid, the pyrazolones reverting . 
to the enolic form with the formation of 5-chloro-4-hydroxy-3-benzoyl-1-nitrophenyl- 
pyrazoles (V1). 

When these 5 : 5-dichloro-4-pyrazolones are heated with alcohols, the ring opens with 
the formation of hydrazones of «Sy-triketo-y-phenylbutyric esters (VII), identical with the 
compounds produced by coupling the appropriate diazonium salt with benzoylpyruvic 
ester (Beyer and Claisen, Ber., 1887, 20, 2187). 


COPh COPh 
EtOH > 
Vv.) —+ CNNHR <— (CH, + CIN,R 
CO-CO,Et CO:CO,Et 
(VII.) 


The action of dilute alkalis upon these 4-pyrazolones also results in the fission of the 
pyrazole ring and formation of 8-hydrazones of «f-y-triketo-y-phenylbutyric acid; the yield, 
however, is very small. 

EXPERIMENTAL. 


p-Niirophenylazobenzoylacetone.—14 G. of p-nitroaniline were diazotised with 7 g. of sodium 
nitrite in 80 c.c. of concentrated hydrochloric acid, and the filtered diazonium solution slowly 
run into a mixture of 18 g. of benzoylacetone and 120 g. of crystalline sodium acetate in 100 c.c. 
of alcohol. p-Nitrophenylazobenzoylacetone separated at once in quantitative yield. It crystal- 
lised from acetic acid in yellow, large, flattened, rectangular prisms with domed ends, m. p. 143° 
(Found: N, 13-3. C,,H,,0,N, requires N, 13-5%). The corresponding o-nitro-compound 
crystallised from acetic acid in yellow, long, slender, flattened prisms, m. p. 145° (Found: N, 
13-4%). 

«w-Bromophenylglyoxal-p-nitrophenylhydrazone (1).—1-2 G. of bromine in 5 c.c. of acetic acid 
were added to a solution of 2-25 g. of p-nitrophenylazobenzoylacetone and 2 g. of crystalline 
sodium acetate in 100 c.c. of acetic acid at 40°, and the whole left for an hour. On careful 
addition of water w-bromophenylglyoxal-p-nitrophenylhydrazone separated. It crystallised from 
acetic acid in a felted mass of pale yellow, slender prisms, m. p. 247° (decomp.) (Found: Br, 
23-3. C,,H,,O,;N,Br requires Br, 23-0%). 
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«-Chlorophenylglyoxal-p-nitrophenylhydrazone, obtained when 1 g. of -nitrophenylazo- 
benzoylacetone was suspended in 15 c.c. of dry chloroform, chlorine passed for 15 minutes, and 
the chloroform removed, crystallised from acetic acid in pale yellow, hair-like prisms, m. p. 243° 
(Found: Cl, 11-9. C,,H,O,N,Cl requires Cl, 11-7%). The corresponding o-nitro-compound 
crystallised from alcohol in yellow, very long, slender prisms, m. p. 151° (Found: Cl, 11-8%). 

w-Chlorophenylglyoxal-2-chloro-4-nitrophenylhydrazone.—2 G. of p-nitrophenylazobenzoyl- 
acetone were dissolved in 50 c.c. of acetic acid at 40°, and chlorine passed for $ hour. On careful 
addition of water w-chlorophenylglyoxal-2-chloro-4-nitrophenylhydrazone separated. It crystal- 
lised from acetic acid as a labile form in pale yellow, hair-like prisms, which gradually redissolved 
whilst yellow rhombic plates of the stable form separated; m. p. 183° (Found: Cl, 21:3. 
C,,H,O,N,Cl, requires Cl, 21-0%). The 4-chloro-2-nitrophenylhydrazone, similarly prepared, 
crystallised from alcohol as a labile form in pale yellow, hair-like prisms, which gradually re- 
dissolved whilst yellow rectangular prisms with domed ends, exhibiting dendritic twinning, of 
the stable form separated, m. p. 157° (Found : Cl, 21-2%). 

3-Bromo-afy-triketo-a-phenylbutane-B-p-nitrophenylhydrazone (II).—2-4 G. of bromine in 3c.c. 
of acetic acid were added to a solution of 4-5 g. of p-nitrophenylazobenzoylacetone in 40 c.c. of 
boiling acetic acid. On cooling, the hydrazone (II) separated in quantitative yield. It crystal- 
lised from alcohol in yellow, long, hair-like needles, m. p. 172° (decomp.) (Found: Br, 20-2. 
C,.H,,0,N;Br requires Br, 20-5%). The corresponding o-nitrvo-compound crystallised from 
acetic acid in yellow, long, slender prisms, m. p. 155° (decomp.) (Found : Br, 20-3%). Similarly, 
by using 2 mols. of bromine, was obtained 88-dibromo-aBy-triketo-a-phenylbutane-B-p-nitrophenyl- 
hydrazone, which crystallised from alcohol in yellow, long, slender, rectangular prisms, m. p. 
190° (decomp.) (Found: Br, 33-7. C,,H,,O,N,Br, requires Br, 34-1%). 

4-Hydroxy-3-benzoyl-1-p-nitrophenylpyrazole (IV).—1 G. of potassium acetate was added to 
4 g. of 8-bromo-afy-triketo-«-phenyibutane-$-p-nitrophenylhydrazone suspended in 100 c.c. of 
boiling alcohol. A clear solution was obtained, from which 4-hydroxy-3-benzoyl-1-p-nitrophenyl- 
pyvazole separated almost at once. It crystallised from acetic acid as a labile form in felted 
masses of yellow hair-like prisms, which gradually redissolved whilst yellow, large, rectangular, 
flattened prisms of the stable form separated, m. p. 211-5° (Found: N, 13-4. C,gH,,O,N; 
requires N, 13-6%). The corresponding o-nitro-compound crystallised from alcohol in yellow, 
large, compact, irregular prisms, m. p. 121° (Found: N, 13-6%). Similarly, from 38-dibromo- 
afy-triketo-a-phenylbutane-8$-p-nitrophenylhydrazone was obtained 5-bromo-4-hydroxy-3- 
benzoyl-1-p-nitrophenylpyrazole, which crystallised from acetic acid as a labile form in bright 
yellow, short, slender prisms, which gradually redissolved whilst yellow, fragile, rhombic plates 
of the stable form separated, m. p. 167° (Found : Br, 20-4. C,,H,,O,N;Br requires Br, 20-6%). 

5 : 5-Dichloro-3-benzoyl-1-p-nitrophenyl-4-pyrazolone (V).—2 G. of 4-hydroxy-3-benzoyl-1-p- 
nitrophenylpyrazole were suspended in 15 c.c. of chloroform, and chlorine passed for 15 minutes. 
On removal of the chloroform from the resulting orange solution, 5 : 5-dichloro-3-benzoyl-1-p-nitro- 
phenyl-4-pyrazolone remained. It crystallised from chloroform-light petroleum in orange, dense, 
rectangular prisms, m. p. 145° (Found: Cl, 18-6. C,sH,O,N,Cl, requires Cl, 18-8%). The 
corresponding o-nitro-compound crystallised in yellow, compact, rectangular prisms, m. p. 
166° (Found: Cl, 18-7%). 

Formation of 5-Chloro-4-hydroxy-3-benzoyl-1-p-nitrophenylpyrazole.—2 G. of potassium iodide 
were dissolved in 10 c.c. of water and 5 c.c. of acetic acid and added to a solution of 1-5 g. of 
5 : 5-dichloro-3-benzoyl-1-p-nitrophenyl-4-pyrazolone in 10 c.c. of acetic acid. On gentle 
warming, iodine was liberated and 5-chloro-4-hydroxy-3-benzoyl-1-p-nitrophenylpyrazole separated. 
It crystallised from alcohol in pale yellow, long, slender prisms, m. p. 177° (Found: Cl, 10-5. 

C,gH,,0O,N,Cl requires Cl, 10-3%). The corresponding o-nitro-compound crystallised from 
alcohol in pale yellow, large, fragile rhombic plates, m. p. 120° (Found: Cl, 10-3%). 

Formation of Ethyl aBy-Triketo-y-phenyl-n-butyrate-B-p-nitrophenylhydrazone (VII).—(1) 1G. 
of 5 : 5-dichloro-3-benzoyl-1-p-nitrophenyl-4-pyrazolone was boiled for 5 minutes with 10 c.c. 
of alcohol. On cooling, the ester (VII) separated. It crystallised from alcohol in yellow, long, 
slender prisms, m. p. 135° (Found: N, 11-5. C,,H,,0,N, requires N, 11-4%). 

(2) 2 G. of p-nitroaniline were diazotised and the diazonium solution was run into a cooled 
well-stirred mixture of 4 g. of ethyl sodiobenzoylpyruvate and 25 g. of crystalline sodium acetate 
in 150 c.c. of water. The yellow solid which separated at once was shown on crystallisation to 
be identical with the above. 

By a similar method to (1) above have been prepared : ethyl aBy-triketo-y-phenyl-n-butyrate- 
8-0-nitrophenylhydrazone, yellow, somewhat flattened prisms from alcohol, m. p. 108° (Found : 
N, 11:3%), and methyl aBy-triketo-y-phenyl-n-butyrate-B-o-nitrophenylhydrazone, yellow, long, 
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slender, four-sided prisms from alcohol, m. p. 119° (Found: N, 11-9. C,,H,,;0,N, requires 
N, 11-8%). 

aBy-Triketo-y-phenyl-n-butyric acid-B-p-nitrophenylhydrazone.—2 G. of finely powdered 
5 : 5-dichloro-3-benzoyl-1-p-nitrophenyl-4-pyrazolone were shaken for 15 minutes with 2 g. of 
sodium hydroxide in 150 c.c. of water. Much decomposition occurred, but on acidification of 
the filtered solution with dilute hydrochloric acid the above acid was obtained in 10—15% yield. 
It crystallised from chloroform—light petroleum in yellow, short, flattened prisms, m. p. 154° 
(Found: N, 12-4. C,,H,,O,N; requires N, 12-3%). 


THE QUEEN’s COLLEGE LABORATORY, OXFORD. (Received, November 6th, 1933.] 





385. New Derivatives of Methoxymalonic Acid. 
By JoHN PryDE and R. TECwyN WILLIAMS. 


A POSSIBLE oxidation product of trimethyl glucurone and of trimethyl glucuralone (Pryde 
and Williams, Biochem. J., 1933, 27, 1205) is methoxymalonic acid (see also Levene and 
Harris, J. Biol. Chem., 1932, 97, 11), no derivative of which has hitherto been described. 

Several attempts to prepare one were made without success. For instance, methylation 
of hydroxymalonic acid (tartronic acid) with silver oxide and methyl iodide gave methyl 
«-dimethoxyethane-«a$8-tetracarboxylate (Pryde and Williams, this vol., p. 642); and 
treatment of potassium tartronate with methyl sulphate and alkali caused no appreciable 
methylation, since suitable treatment of the products gave methyl tartronate and tartron- 
amide, m. p. 196° (Pinner, Ber., 1885, 18, 753, gives m. p. 192—196°). Success was event- 
ually achieved by adopting the “‘ carbon monoxide cleavage ’’ method used by Wislicenus 
and Miinzesheimer (Ber., 1898, 31, 552) for the preparation of ethoxymalonic acid. Methyl 
a-keto-8-methoxysuccinate (I) was prepared by condensing methyl methoxyacetate with 
methyl oxalate in dry ether in the presence of sodium (compare Wislicenus, Aunalen, 1897, 
295, 347), and this, by loss of carbon monoxide, yielded methyl methoxymalonate (II) : 


CO,Me:CO,Me CO-CO,Me co GOeMe 


+ —> eae ~< 
CH,(OMe)-CO,Me  CH(OMe)-CO,Me CH(OMe)-CO,Me 
(I.) (II.) 


Methyl «-keto-8-methoxysuccinate possesses an asymmetric carbon atom, but no 
attempt was made in this investigation to resolve it. Owing to a troublesome contamin- 
ation with products which we ascribe to “acid” and “ketone” cleavage of methyl 
«-keto-8-methoxysuccinate, neither the latter nor methyl methoxymalonate was obtained 
in a pure state, but the following crystalline derivatives were prepared, purified, and 
analysed: methoxymalondiamide, m. p. 203—204° (slight decomp.), and methoxymalono- 
methylamide, m. p. 115° (without decomp.). 


EXPERIMENTAL. 


Methyl Methoxyacetate.—Methyl glycollate, prepared by refluxing glycollic acid with 4% 
hydrogen chloride in methyl alcohol, was methylated with silver oxide and methyl iodide and 
ethereal extracts of the products were dried over anhydrous sodium sulphate. After removal of 
the ether, the resulting methyl methoxyacetate was distilled; b. p. 129-5—130-5°/767 mm., 
niy* 13972 (Félsing, Ber., 1884, 17, 484, gives b. p. 127°/727 mm.; Karvonen, Chem. Zenir., 
1919, III, 811, b. p. 129-6—130-2°/756 mm.; and Palomaa, ibid., 1913, II, 1959, nf” 1-39636). 

Methyl «-Keto-8-methoxysuccinate.—Methyl methoxyacetate (35 g.) was added from a drop- 
ping-funnel to a solution of 34g. of dry methyl oxalate in 400 c.c. of dry ether containing 6-64 g. 
of sodium wire. After effervescence had ceased (1} days; at room temperature under reflux 
condenser with protection from moisture), the ether was decanted, the red-brown solid, which 
contained the sodium salt of the enolic form of methy! «-keto-8-methoxysuccinate, was dissolved 
in the minimum amount of water, and dilute sulphuric acid was added to the solution under 
ether until the reaction was just acid to Congo-red paper. The free methyl ester was then 
extracted from the aqueous layer with ether. In decomposing the sodium salt it is important 
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to avoid an excess of sulphuric acid, since the latter cannot be removed from the ethereal layer 
by washing with dilute aqueous sodium carbonate or bicarbonate, owing to the ease with which 
the sodium salt is re-formed in the presence of these carbonates. The ethereal extract was dried 
by standing for 24 hours over calcium chloride and then evaporated on a water-bath. The 
dark brown syrupy residue (8 g.) was distilled in a high vacuum and the crude methyl ester dis- 
tilled as a pale yellow, viscous liquid (5 g.) at a bath temperature of 110—120°/1 mm.; it had 
ny” 1-4465, but it was not further purified (Found: OMe, 42-6. C,;H,,O, requires OMe, 
48-95%). There was a considerable amount of a black solid residue. 

The following reactions show the ester to be a ketonic compound : it forms a silver mirror 
with ammoniacal silver nitrate; it reduces Fehling’s solution on warming; it decolorises 
aqueous permanganate; it gives a port-wine red colour with ferric chloride; it gives a green 
precipitate with normal copper acetate solution (compare oxalacetic and acetoacetic esters). 

Methyl Methoxymalonate.—The crude methyl ketomethoxysuccinate (2-3 g.) was distilled 
at 745-5 mm. Vigorous evolution of gas took place and the expected methyl methoxymalonate 
distilled at 215° as a pleasant-smelling, slightly yellow liquid (1-34 g.), leaving a black solid 
residue. It gave none of the reactions of methyl ketomethoxysuccinate, except immediate 
decoloration of aqueous permanganate in the cold. The quantity obtained was small and did 
not allow of further purification (Found : OMe, 53-9. C,H,,O,; requires OMe, 57-4%). 

Methoxymalondiamide.—A solution of methyl methoxymalonate (0-23 g.) in 3 c.c. of dry 
methyl alcohol was saturated with ammonia at 0°; it developed a deep yellow colour and 
crystals began to appear after $ hour. After 12 hours, the crystals were separated, washed 
with a little methyl alcohol and then with dry ether, and dried. On solution in a little methyl 
alcohol and addition of an excess of ether, methoxymalondiamide was precipitated in colourless, 
microscopic, blunt-ended needles, m. p. 203—204° (slight decomp.), slightly soluble in methyl 
alcohol and insoluble in ether (Found: C, 36-5; H, 6-2; N, 21-1; OMe, 23-5. C,H,O,;N, 
requires C, 36-4; H, 6-1; N, 21-2; OMe, 23-5%). 

Methoxymalonomethylamide.—Dry methylamine was passed into a solution of the crude ester 
(1 g.) in 5 c.c. of dry methyl alcohol at 0°. The solution was kept over-night in a desiccator. 
Long needle-shaped crystals of oxobismethylamide separated, m. p. 213—214° (Found: C, 41-4; 
H, 6-7; N, 24-8. Calc. for C,H,O,N,: C, 41-4; H, 6-9; N, 24:1%). The solution was decanted 
and allowed to evaporate to dryness, whereby a yellow crystalline mass, containing mostly 
methoxymalonomethylamide contaminated with oxobismethylamide, was obtained. By 
repeated crystallisation from benzene (decolorising with “‘ norite ’’ charcoal) pure methoxymalono- 
methylamide was obtained as colourless feathery needles, m. p. 115° (without decomp.) (Found : 
C, 45-0; H, 7-5; N, 17-5; OMe, 19-4. C,H,,0,N, requires C, 45-0; H, 7-5; N, 17-5; OMe, 
19-4%). 


The expenses of this work were in part defrayed by a grant from the Medical Research 
Council. One of us (R. T. W.) is indebted to the Council for a whole-time grant. 


PuHyYsIoOLoGy INSTITUTE, NEwPporT Roap, CARDIFF. (Received, November 11th, 1933.] 





386. The Structure of the Glutaconic Acids and Esters. Part VIII. Some 
Cyclic Compounds of the Glutaconic and the Citraconic Acid Series. 


By G. A. R. Kon and B. L. NANDI. 


THE experiments described below were undertaken with the object of investigating several 
cyclic compounds related to the glutaconic acids and also to 3-methylcyclopropene- 
1 : 2-dicarboxylic acid, the chemistry of which was found to present some unusual features 
(J., 1932, 2557). These compounds are : 


CH-CO,H CH, CH, 
C hy 

CH, CH CHyGCOH gy UA CO of, 4.00.8 CH, CH-CO,H 

CH, C-CO,H  CH,'C-CO,H Ntu,CcO,H CH, ©CO,H CH, C-CO,H 


Xft, Xt, ‘Gi 
(I.) (II.) (III.) (IV.) (V.) 
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A?-T etrahydroisophthalic acid (1) should behave like an xy-disubstituted glutaconic acid, 
except that it is incapable of stereoisomerism owing to its cyclic structure. Perkin and 
Pickles (J., 1905, 87, 294) claimed to have isolated an acid of this structure by the reduction 
of isophthalic acid; subsequently, Farmer and Richardson (J., 1926, 2172; 1927, 59) 
showed that this acid was in reality the cis-A*-isomeride, but their efforts to prepare the 
true A*-acid were fruitless. This preparation has now been effected by two different 
methods : 

(i) cycloHexanone condenses with two molecules of ethyl oxalate in the presence of 
two molecules of sodium ethoxide, giving, in addition to ethyl cyclohexanone-2-glyoxylate, 
a small amount of the diglyoxylate (VI). This on distillation gives the ester (VII) ; a better 
method for the preparation of this compound by the cyclisation of ethyl dicarboxypimelate 
(VIII) is due to Uschakov (J. Russ. Phys. Chem. Soc., 1929, 61, 795). The ketonic ester is 
then reduced, and the hydroxy-ester dehydrated to the ester of the acid (I). 
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(ii) Ethyi oxalate condenses with ethyl tetrahydrobenzoate (IX) in the same way as 
ethyl crotonate and other similar esters (Lapworth, J., 1901, 79, 1265), giving rise to the 
ester (X); curiously enough, the reaction requires the presence of sodium ethoxide, unlike 
the cases studied by Lapworth, who employed sodium in a neutral solvent. The ester (X) 
yields on mild hydrolysis in the cold the half-ester (XI); the carbethoxyl group marked * 
has been hydrolysed, because the new compound gives off carbon monoxide on heating. 
Further hydrolysis gives the acid (XII), from which the A?-acid is obtained on oxidation 


with alkaline hydrogen peroxide. 


CH, none CH-CO-CO,H CH-CO-CO,H 
rs AN 
off, tH oft, CH of, tH ch, GH 
CH, C-CO,Et CH, C-CO,Et CH, C-CO,Et x, ¢.c0,H 
H, H, H, H, 
(IX.) (X.) (XI.) (XII.) 


The acid so obtained is different from any of the hydrophthalic acids previously 
described; the position of the double bond is proved by oxidation of the ester with ozone, 
glutaric acid being ultimately obtained. The new acidis a true glutaconic acid derivative, 
for, although it forms neither a neutral nor an enolic anhydride, the ester can be readily 
alkylated; the presence of a ‘‘ mobile ” hydrogen atom is thus proved. 

The acid is recovered unchanged after 7 days’ boiling with 20% potassium hydroxide 
solution, but heating with hydrochloric acid in a sealed tube causes a rapid change and after 
4 hours at 180° the product is the pure A*-acid. This change is noteworthy, since it pro- 
vides yet another example of the passage of the double bond owéside the three-carbon 
system (compare Kon and Watson, J., 1932, 1; Gidvani, Kon, and Wright, ibid., p. 1027), 
and it must be inferred that the stability of the glutaconic propene system is not as great 
as formerly believed. Moreover, we find that the A*-acid is not isomerised into the A?- 
on treatment with either acids or alkalis and thus appears to represent the most stable 
arrangement; and Farmer and Richardson (J., 1927, 59) failed to alkylate the A*-ester, 
so there can be little or no tendency for this ester to pass into the A*-isomeride, which, as 
already stated, is readily alkylated. 

The remaining acids, as was expected, conform to the itaconic-citraconic, not the 
glutaconic, acid type; they nevertheless present several special features. For instance, 
the cyclobutene (II) and the cyclopentene (III) acids have the double bond in the A!-posi- 
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tion, unlike the methylcyclopropene acid; their esters do not add on alcohol or suffer 
isomerisation on treatment with sodium ethoxide; indeed, no indication has up to the 
present been obtained of the existence of isomerides with a different position of the double 
bond. The esters are also stable to heat. 

The tetrahydrophthalic acids exist in A!- and A®-modifications, as already shown by 
Baeyer (Annalen, 1890, 258, 145). The A?- is rapidly converted into the A?-acid on 
boiling with alkali, the extent of the change being about 75%; this figure was estimated by 
taking advantage of the widely different solubilities of the cadmium salts of these acids in 
water: current bromo- and iodo-metric methods were found to be inapplicable. The 
occurrence of the reverse change (from A? to A‘) in the presence of alkali could not be 
detected, although Goss and Ingold state (J., 1926, 1471) that it does occur; there appears 
to be no experimental proof of this statement. 

The esters of these two acids show no sign of mobility and are stable to heat; they do, 
however, slowly add on the elements of alcohol on treatment with sodium ethoxide. 

The 1: 2-dicarboxylic acids now examined thus differ from 3-methylcyclopropene- 
dicarboxylic acid in a radical manner and they do not appear to share the great mobility 
of the itaconic acid group (compare Linstead and Mann, J., 1931, 726). 


EXPERIMENTAL. 


Ethyl cycloHexanone-2 : 6-dicarboxylate.——(i) cycloHexanone was condensed with ethyl 
oxalate as described by K6tz and Michels (A nnalen, 1907, 350, 210), but the amounts of sodium 
ethoxide and ethyl oxalate were doubled. The product was worked up as usual; on 
distillation, 30 g. of ethyl cyclohexanonecarboxylate were obtained, together with 17 g. of a 
fraction, b. p. 130—170°/17 mm.; at that point the distillation had to be stopped owing 
to decomposition. On refractionation at 10 mm. the following fractions were obtained : 
(1) 154—157° (Found: C, 60-2; H, 7-3%); (2) 157—161° (Found: C, 58-6; H, 7-4%); 
(3) 161—168°, d?” 1-124, mp 1-4681 (Found: C, 59-5; H, 7-4. Calc. for C,,H,,0,;: C, 59-5; 
H, 7-4%). Fractions (2) and (3) thus consisted mainly of the desired ester, which was charac- 
terised by the formation, by the action of phenylhydrazine, of a pyrazolone, m. p. 148° after 
crystallisation from benzene—petroleum (Found: C, 67-2; H, 5-9. C,.H,,0;N, requires 
C, 67-1; H, 63%). 

Attempts to effect the condensation of cyclohexanone or ethyl cyclohexanonecarboxylate 
and ethyl oxalate in a neutral solvent were unsuccessful. 

(ii) A short description of Uschakov’s preparation (/oc. cit.) may prove useful: a mixture 
of ethyl malonate (320 g.) and trimethylene bromide (210 g.) was slowly added to an ice-cold 
solution of 46 g. of sodium in 500 c.c. of absolute alcohol with cooling. After 2 hours water and 
dilute sulphuric acid were added and the oil was extracted in ether, recovered, and distilled in 
steam until no more oily drops of the initial material and ethyl tetramethylenedicarboxylate 
collected in the distillate. The residue in the flask was isolated by means of ether and distilled, 
the fraction of b. p. 140—220°/12 mm. being refractionated and giving 227 g., b. p. 215— 
220°/10 mm. 

120 G. of the above ester were added to 11 g. of sodium in 215 c.c. of alcohol (dried over 
calcium) and boiled under reflux for 3 hours, the alcohol and ethyl carbonate were removed 
under reduced pressure, 200 c.c. of water added, and the solution cooled in a freezing mixture 
and slowly decomposed by addition of 50 c.c. of 20% sulphuric acid. The oil was extracted, 
washed (sodium carbonate, then water), and dried in ether, recovered, and distilled; some 
unchanged initial material was obtained, together with a lower fraction, b. p. 155—200°/10 mm., 
which on refractionation gave 25 g. of the ester (VI), b. p. 162—172°/10 mm. 

Ethyl cycloHexanol-2 : 6-dicarboxylate.—25 G. of the ketonic ester in 200 c.c. of rectified 
spirit, 1 c.c. of ferrous chloride solution (0-13 g. per 1.), and 2 g. of platinum oxide catalyst 
(‘‘ Organic Syntheses,” vol. 8, p. 92) were shaken with hydrogen. The catalyst was reactivated 
by shaking with air after 12 hours and the operation was complete after a further 8 hours; the 
theoretical volume of hydrogen (2250 c.c.) had then been absorbed. The catalyst was filtered off, 
the solvent removed under reduced pressure, and the residue distilled, b. p. 145—147°/10 mm., 
@" 1-1202, np 1-4679, [Rz]p 60-63; yield, 17 g. 

Ethyl A*-Tetrahydroisophthalate.—18 G. of the hydroxy-ester in 14 g. of pyridine were cooled 
in a freezing mixture, and 11-6 g. of thionyl chloride introduced drop by drop with constant 
shaking. After 12 hours, water was added and the eséer (9 g.) was extracted with ether; it had 
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b. p. 149—151°/12 mm., d?” 1-0771, mp 1-4720, [R,]p 58-76 (calc., 58-58) (Found: C, 63-2; 
H, 7-7. C,,.H,,0, requires C, 63-7; H, 7-9%). 

Ethyl 3-Carbethoxy-A*-cyclohexeneglyoxylate (X).—Ethyl tetrahydrobenzoate was prepared 
essentially as described by Ruzicka and Brugger (Helv. Chim. Acta, 1926, 9, 399), but the 
preparation of cyclohexanone cyanohydrin was found to proceed better with a more dilute 
solution of potassium cyanide (200 g. of 95% single salt in 900 c.c. of water for 260 g. of cyclo- 
hexanone) than that recommended by Tarbouriech (Compt. rend., 1909, 149, 604). 

All attempts to condense ethyl tetrahydrobenzoate with ethyl oxalate in the presence of 
sodium or potassium in a neutral solvent failed. A mixture of the two esters (101 g. of each 
was added to an ice-cold solution of 15-1 g. of sodium in 200 c.c. of alcohol with constant shaking), 
and the mixture kept in ice-water for 24hours. Water (1 1.) was added to the deep yellow solu- 
tion, then 300 c.c. of 5% sulphuric acid. The precipitated solid ester (141 g.), washed with water 
until colourless and recrystallised from alcohol, formed silky needles, m. p. 105° (Found : C, 61-3; 
H, 7-1. C,3;H,,0, requires C, 61-4; H, 7-1%). 

Hydrolysis. (i) 7 G. of the above ester were left at room temperature with 2-3 g. of sodium 
hydroxide in 16 c.c. of water and 22 c.c. of alcohol. After 2 days the alcohol was removed under 
reduced pressure, and the solution diluted and acidified with sulphuric acid ; 4 g. of the acid ester 
(XI) separated, m. p. 178° after crystallisation from dilute alcohol (Found: C, 58-5; H, 6-2. 
C,,H,,0; requires C, 58-4; H, 6-2%). 

(ii) 10 G. of the ester were boiled with 35 c.c. of 20% potassium hydroxide solution for 2 
hours. The solution was cooled in a freezing mixture and cautiously acidified with very dilute 
sulphuric acid (acidification at room temperature causes some evolution of carbon dioxide). 
The acid (XII) was isolated by means of ether; it formed silky needles from dilute alcohol, m. p. 
224° with evolution of gas (Found: C, 54-4; H, 5-2. C,H,,O; requires C, 54-5; H, 5-1%). 

A*-Tetrahydroisophthalic Acid (1).—The ester (X) can be distilled unchanged, b. p. 188°/16 
mm., but loses carbon monoxide when kept at 115—120° for 2 hours, The resulting mass was 
hydrolysed with an excess of potassium hydroxide; the acid obtained, which partly solidified 
in a vacuum desiccator after a week, was drained and recrystallised from acetone—petroleum ; 
it melted at 187° and was evidently the somewhat impure acid (I) (Found: C, 57-2; H, 5-9%). 
It was obtained in a pure state by hydrolysis of 10 g. of the ester (X) as described under (ii) 
above and addition of 20 c.c. of 20 vol. hydrogen peroxide to the cooled alkaline solution. This 
was acidified after 24 hours, and the acid (6 g.) recovered by means of a continuous ether extrac- 
tor; it was still somewhat coloured and the m. p. could not be raised above 192° by recrystal- 
lisation from water (charcoal). It was boiled for an hour with 10% alkali solution; the recovered 
acid was colourless and had m, p. 197—198° after crystallisation from water (Found: M, by 
titration, 169-4. Calc., 170-1). The same acid was also obtained by the hydrolysis of its ester 
(p. 1630) with 15% potassium hydroxide solution (Found: C, 56-7; H, 5-9. C,H4)O, requires 
C, 56-5; H, 5:9%). The ethyl ester, prepared through the silver salt, had b. p. 150°/12 mm., 
ad" 1-0772, np 1-4722, [Rz]p 58-78 (calc., 58-58) (compare above). 

Ozonisation. 5G. of the pure ester were ozonised in chloroform solution and the ozonide was 
freed from solvent under reduced pressure and decomposed by shaking with water, the product 
being taken up in ether. The residue after removal of the solvent gave a colour with Schiff’s 
reagent; it was hydrolysed in the cold with 10% aqueous potassium hydroxide, and an excess 
of 20 vol. hydrogen peroxide added to the solution. After 24 hours this was acidified and 
extracted with ether; glutaricacid (3-1 g.) was then obtained and identified by the usual means. 

Ethylation. 10 G. of the pure ester were left over-night with 1-2 g. of “‘ molecular ’’ sodium 
in 100 c.c. of benzene; as only a part of the metal had dissolved, the mixture was boiled on the 
steam-bath for 6 hours. An excess of ethyl iodide was then added, and the vigorous reaction 
completed by heating for an hour. The ester isolated had b. p. 145—150°/9 mm., d? 1-0448, 
Mp 1-4682, [Rz]p 67-69 (calc., 67-82) (Found: C, 65-7; H, 8-5. C,,H,.O, requires C, 66-1; 
H, 8-7%). The ester was hydrolysed to 1-ethyl-A*-cyclohexene-1 : 3-dicarboxylic acid, m. p. 
162° after crystallisation from dilute alcohol (Found : C, 60-4; H, 6-9. M, by titration, 197-8. 
C,9H,,0, requires C, 60-6; H, 7-1%; M, 198-1). 

Isomerisation of the Acid (1).—(i) The acid (5 g.) was heated with 50 c.c. of 25% potassium 
hydroxide solution in a sealed tube at 100° for 18 hours; in another experiment the solution was 
boiled in a copper flask for a week. The acid was recovered unchanged in both cases. 

(ii) 4 G. of the acid were heated in a sealed tube with 10 c.c. of hydrochloric acid at 180— 
190° for 4 hours. The liquid was filtered from carbon and evaporated, and the solid residue 
recrystallised from water. It melted at 227°, rising to 244° after two more crystallisations 
(mixed m. p. with A*-acid, 244°) (Found : C, 56-3; H, 5-8. Calc.: C, 56-5; H, 5-9%). 
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Methyl A'-cycloButene-1 : 2-dicarboxylate-—This ester was prepared essentially as described 
by Perkin (J., 1894, 67, 950); for the preparation of cyclobutane-1 : 2-dicarboxylic acid, Fuson 
and Kao’s method (J. Amer. Chem. Soc., 1929, 51, 1536) was employed. 

Ozonisation. 10G. of the pure solid ester in 100 c.c. of chloroform were treated with ozonised 
oxygen until no more was absorbed (60 hours), the ozonide was freed from solvent under reduced 
pressure and decomposed with water, the product dissolved and washed (sodium carbonate) in 
ether and recovered, and the residue treated with phenylhydrazine acetate; the diphenyl- 
hydrazone of methyl aa’-diketoadipate (Kon and Nandi, J., 1932, 2958) was obtained, m. p. 
130° (Found: C, 62-5; H, 5-9. Calc. : C, 62-3; H, 5-7%). 

Behaviour with sodium methoxide and towards heating. 5 G. of the ester were kept over-night 
with 0-8 g. of sodium in 30 c.c. of methyl alcohol at room temperature and then recovered by 
addition of water and extraction with ether. Washing with sodium carbonate removed a little 
cyclobutene-1 : 2-dicarboxylic acid formed by hydrolysis, but the ester was otherwise unchanged 
(proved by ozonisation). 

5 G, of the pure ester were twice distilled at atmospheric pressure, then fractionated under 
reduced pressure. Some polymerisation and charring took place, but the ester which was 
recovered was unchanged (ozonisation), 

Ethyl 1 : 2-dibromocyclobutane-1 : 2-dicarboxylate was prepared in the same way as the methyl 
ester (Perkin, Joc. cit.), except that the product of bromination of cyclobutane-1 : 2-dicarboxylic 
anhydride was poured into ethylalcohol. The crude product distilled at 140—167°/15 mm., and 
at 150—158°/14 mm. after refractionation; yield, 33% (Found: C, 33-5; H, 3-9; Br, 44-7. 
C,9H,,0,Br, requires C, 33-5; H, 3-9; Br, 44-7%). 

Ethyl A}-cycloButene-1 : 2-dicarboxylate-——Treatment of the dibromo-ester with potassium 
iodide in acetone or alcohol led to a complicated reaction. 13 G. of the ester in 60 c.c. of alcohol 
were gradually treated with 5 g. of zinc dust and the mixture was gently boiled for 3 hours, The 
alcohol was then distilled off under reduced pressure, and the residue diluted with water and 
extracted with ether. The ester (6 g.) had b. p. 136—139°/23 mm., d}?" 1-0870, mp 1-4571, 
[Rz]p 49-63 (calc., 49-37) (Found: C, 60-6; H, 7-1. Cy9H,,O, requires C, 60-6; H, 7-1%). 
Its behaviour towards sodium ethoxide and also when heated was like that of the methy] ester. 
The above method has been successfully used for the preparation of the methy] ester. 

Ozonisation. The ethyl ester, ozonised exactly as described above, gave ethyl a«’-diketo- 
adipate (Found : C, 63-7; H, 6-4. Calc.: C, 64-2; H, 6-4%), identified by means of its phenyl- 
hydrazone, m. p. 150° (Kon and Nandi, Joc. cit.). 

Attempt to prepare A*- or A®-cycloButene-1 : 2-dicarboxylic acid.—(i) Ethyl ethanetetra- 
carboxylate (14 g.) was warmed with 2 g. of ‘‘ molecular ”’ sodium in 100 c.c. of benzene until 
all the metal had dissolved (12 hours). The mixture was cooled, 5 g. of chloroacetyl chloride 
gradually added, and the whole heated for 3 hours. The product, worked up in the usual way, 
was a viscous brown liquid which gradually deposited the solid unchanged ester. This was 
filtered off (9 g.), and the mother-liquor distilled. It boiled with much decomposition at 155— 
185°/7 mm. and gave a phenylhydrazone, m. p. 128° after crystallisation from acetone (Found : 
C, 62-6; H, 6-4. C,,H,,0,N, requires C, 62-7; H, 6-7%); it was therefore presumably derived 
from ethyl cyclobutan-3-one-1 : 1 : 2: 2-tetracarboxylate. A somewhat better yield of the 
liquid fraction, which is a mixture of the above ketonic ester with initial material, was obtained 
by carrying out the condensation in a pressure bottle at 100° for 12 hours; the use of bromo- 
acetyl bromide also appears to be advantageous. No reaction-took place in the presence of 
sodium ethoxide. 

(ii) As the mixture of esters could not be separated by distillation, the initial material was 
frozen out as far as possible and filtered off. 13 G. of the residual liquid were dissolved in 100 
c.c. of alcohol and hydrogenated in the presence of 2 g. of platinum oxide as described on p. 1630, 
except that a pressure of 3atmospheres had to beemployed. No further absorption took place 
after 9 hours. The product recovered no longer reacted with phenylhydrazine; it was 
hydrolysed by boiling for 2 hours witha concentrated solution of 26 g. of barium hydroxide, and 
8 g. of a barium salt were collected and decomposed with the theoretical amount of sulphuric 
acid. The filtered solution was evaporated to dryness, and the solid residue crystallised thrice 
from acetone. It had m. p. 191° and probably consisted of 3-hydroxycyc/obutane-1 : 1 : 2 : 2- 
tetracarboxylic acid (Found: C, 38-7; H, 3-2; M, 247-6. C,H,O, requires C, 38-7; H, 3-2%; 
M, 248). The yield of this material was so poor that the synthesis was abandoned at this stage. 

Ethyl A'-cycloPentene-1 : 2-dicarboxylate—This ester was prepared as described by Will- 
statter (Ber., 1895, 28, 663) and had b. p. 140°/16 mm., d?” 1-0805, vp 1-4652, [Rz]p 54-26 (calc., 
53-97) (Found: C, 62-3; H, 7-3. Calc.: C, 62-3; H, 7-5%). It does not decolorise bromine 
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in chloroform, but rapidly reduces permanganate. It was kept for 2 days at room temperature 
with 1} times the theoretical amount of 30% aqueous potassium hydroxide and enough alcohol 
to give a homogeneous solution. The alcohol was removed under reduced pressure, and the 
acid recovered from the acidified solution, m. p. 178° after crystallisation from ethyl acetate, was 
re-esterified through the silver salt; the ester had b. p. 138°/15 mm., d” 1-0807, np 1-4656. 

Ozonisation. The pure ester was ozonised in chloroform solution. The product was 
identified as ethyl a«’-diketopimelate by means of the phenylhydrazone, m. p. 147° (Blaise and 
Gault, Bull. Soc. chim., 1907, 1, 81) (Found: C, 64-9; H, 6-6. Calc.: C, 65-1; H, 6.6%); and 
by hydrolysis, followed by treatment with hydrogen peroxide, as described on p. 1631, glutaric 
acid being obtained. The ester prepared by Willstatter’s method behaved in exactly the same 
way on oxidation. 

Action of sodium ethoxide. 10G. of the ester were kept over-night with 1-1 g. of sodium in 
50 c.c. of alcohol (dried over calcium) at room temperature. The neutral ester recovered (6 g.) 
had b. p. 142—144°/18 mm., d}" 1-0801, mp 1-4642, and was therefore unchanged (Found : 
C, 62-2; H, 7-5%). The alkaline washings yielded an oil, b. p. 135—140°/13 mm., which was 
evidently the acid ester (Found: C, 58-5; H, 6-4. C,H,,0, requires C, 58-7; H, 65%). The 
ester thus had not undergone isomerisation or addition of alcohol. 

Attempted Isomerisation of the A1-Acid.—5 G. of the pure acid (m. p. 178°) were heated with 
20 c.c. of 25% potassium hydroxide solution in a sealed tube at 100° for 12 hours; 4-6 g. of the 
unchanged acid were recovered. Similarly, no change was produced by 12 hours’ heating in a 
sealed tube with concentrated hydrochloric acid. 

A?-Tetrahydrophthalic Acid.—Baeyer’s method of preparation (Joc. cit.) being very laborious, 
the following alternative was devised. 

Ethyl 1-hydroxy-1-cyanocyclohexane-2-carboxylate.* 100 G. of potassium cyanide in 600 c.c. 
of water were mixed with 100 g. of ethyl cyclohexanonecarboxylate cooled in ice, and 200 c.c of 
hydrochloric acid were added drop by drop with constant shaking. After 12 hours, the oil 
formed was extracted, washed (sodium carbonate), and dried in ether, recovered, and distilled 
with the addition of a drop of sulphuric acid. The product (105 g.) had b. p. 147—150°/10 mm. 
and gave an intense red colour with ferric chloride. 

Ethyl 1-cyanocyclohexene-2-carboxylate. 36 G. of the hydroxy-ester were dehydrated exactly 
as described on p. 1630; the product (24 g.), consisting of the above ester, b. p. 185—137°/10 mm., 
was boiled over-night with 100 c.c. of 30% aqueous potassium hydroxide and enough alcohol to 
give a clear solution. The alcohol was removed under reduced pressure, and the liquid strongly 
acidified and extracted with ether; a 72% yield of A®-tetrahydrophthalic acid was obtained. 

Ethyl A*-tetrahydrophthalate, prepared through the silver salt, had b. p. 155°/12 mm., 
d=" 1-0760, np 1-4700, [Rz]p 58-96 (calc., 58-58) (Found: C, 63-7; H, 7-9. C ,H,,O, requires 
C, 63-7; H, 8-0%). 

The ester was also prepared by the action of alcoholic sulphuric acid on the acid. The 
product was not homogeneous; the lowest fraction had b. p. 158—160°/12 mm., da?" 1-0859, 
Mp 1-4768, and the highest, b. p. 162—164°/12 mm., d2" 1-0974, mp 1-4847. 

The pure ester was unchanged after three distillations at atmospheric pressure, after boiling 
for 4 hours in a Geisler flask, after treatment with sodium ethoxide as described on p, 1632, and 
after the last solution had been boiled for 4 hours. 

Ethyl A'-Tetrahydrophthalate.—The A'-acid was prepared from the A?-acid as described 
by Baeyer (/oc. cit.) and esterified through the silver salt; the ester had b. p. 160°/14 mm., 
d=" 1-0782, mp 1-4743, [Rz]p 59-31 (calc., 58-58) (Found: C, 63-7; H, 7-9. C,,H,,O, requires 
C, 63-7; H, 8-0%). Like the A®-ester, it has no tendency to react with iodine chloride or bromine ; 
it was recovered unchanged after two distillations at atmospheric pressure. 

Action of sodium ethoxide. After 4 hours’ heating with sodium ethoxide as described above, 
the neutral ester recovered had b. p. 164—170°/18 mm., a2” 1-0612, mp 1-4616 (Found: C, 
61-2; H, 8-3%). The change in physical properties and in composition shows that some alcohol 
had been added on. The ester was therefore hydrolysed: an estimation of ethoxyl in the 
mixture of acids obtained showed that some 12-4% of an ethoxy-acid had been formed. 

Interconversion of the A'- and the A®-Acids.—Attempts to devise an iodometric method for 
the estimation of mixtures of these two acids failed because both add on bromine in chloroform 
almost instantaneously, but do not react withiodine. The insolubility of the cadmium salt of 
the A'-acid allowed a rough analysis of mixtures to be made. 
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- Preliminary experiments showed that the anhydride of the A!-acid was rapidly hydrolysed 
by alkali to the A*-acid. 1G. portions of the anhydride were heated for different periods with 
11 equivalents of 12% potassium hydroxide solution under reflux. The solution was rapidly 
cooled and acidified, and the acid recovered by means of ether. After removal of the solvent 
the acid was exactly neutralised with 2N-ammonia and made up to 100 c.c., 10 c.c. of a concen- 
trated solution of cadmium sulphate were added, and the solution was boiled for 5 minutes. 
The precipitated salt was washed with water and then with alcohol, dried at 100°, and weighed. 
The solubility of the salt at 21° is 0-0696%. The following results were obtained : 


Time (mins.) 30 60 120 
A}-Acid recovered, % 27°7 27:1 24:7 


The equilibration is thus practically complete at the end of 15 minutes. 

2 G. of the pure A*-acid (m. p. 215°) were heated with 50 c.c. of 25% potassium hydroxide 
solution in a sealed tube at 100° for 6 hours; 1-96 g. of acid were recovered, m. p. 212—214°, 
215° after one crystallisation. No insoluble cadmium salt was obtained by the process described 
above, so no conversion into the A!-acid had occurred. 


The authors’ thanks are due to the Chemical Society for a grant. 
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387. The Asymmetric Arsenic Atom. Attempts to prepare Optically 
Active Arsenicals. 


By Joun D. A. JOHNSON. 


ATTEMPTS to obtain optically active arsenicals have rarely been successful. The experi- 
ments now recorded, which are based on fundamental ideas slightly different from those 
previously used, have likewise met with no success. 

If the difficulty in resolving asymmetric organic arsenicals lies in the ease of racemis- 
ation, a factor which might assist in the resolution is restriction of the motion of the 
attached groups (a) by making the arsenic atom common to two or three rings or (b) by 
increasing the bulk of the groups. A combination of (a) and (b) might also be very effec- 
tive, ¢.g., a heterocyclic arsenic atom attached to two bulky groups. Attempts to prepare 
spiro-compounds conforming to (a) have not been successful, alihough evidence of their 
formation was obtained. Substances containing arsenic in a ring and also joined to two 
groups, being easily obtainable, were first studied. 


C;H,, /R PhH,C\ /CH,COPh 


As As 
(I.) CX \ \Me |Br CX Be Br (IL) 


2-Methyl-10-n-propyl-5 : 10-dihydrophenarsazine, obtained from the 10-chloro-com- 
pound (J., 1931, 2518), reacted readily at 100° with benzyl bromide to give 10-benzyl-2- 
methyl-10-n-propyl-5 : 10-dihydrophenarsazonium bromide (I; R= CH,Ph). In a similar 
manner, by means of w-bromoacetophenone, 10-phenacyl-2-methyl-10-n-propyl-5 : 10- 
dihydrophenarsazonium bromide (I; R= CH,*COPh) was prepared. The d-«-bromo- 
camphor-z-sulphonate corresponding to the former bromide was a gum, but the d-cam- 
phor-B-sulphonate was readily obtained and fractionally crystallised from absolute alcohol, 
the only suitable solvent : only a small difference in rotatory power was exhibited by the 
first and the last fraction. The d-camphor-f-sulphonate corresponding to the second 
bromide was a gum. 

10-Benzyl-2-methyl-5 : 10-dihydrophenarsazine, obtained by the Grignard reaction from 
benzyl bromide and 10-chloro-2-methyl-5 : 10-dihydrophenarsazine, reacted readily with 
«-bromoacetophenone to give 10-phenacyl-10-benzyl-2-methyl-5 : 10-dihydrophenarsazonium 
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bromide (II), a sparingly soluble salt which, however, reacted readily in alcohol with silver 
d-camphor-f-sulphonate to give the eee d-camphor-8 aerate Fractional 


PhH,Cy (OH), Tee 
| 
(III.) oa b4, Or 
\ 
—_— a 


crystallisation of this from alcohol effected no separation into portions differing in rotatory 
power : the mother-liquors had the same rotation when examined as soon as obtained and 
also some time later, so the racemisation, if any, must have been extremely rapid. 

As the original ideas underlying these resolutions did not require that the anion should 
be large, and as the large anions present in the substances described above were probably, 
by increasing the molecular weight, decreasing the solubility, it was decided to form salts 
with small anions by treating the hydroxide corresponding to (II) with optically active 
acids of low molecular weights. The interaction of the iodide corresponding to (II) with 
moist silver oxide led, however, to what is presumed to be 10-benzyl-2-methyl-5 : 10-dihydro- 
phenarsazonium dihydroxide (III), the phenacyl radical being eliminated. 

The next line of attack was to attempt to prepare substances of the type (IV), which 
might be obtained by the action of (a) bromoacetic acid on 10-alkyl(aryl)-2-methyl-5 : 10- 
dihydrophenarsazine or (b) more directly by the action of bromoacetic anhydride on the 
same substance. 10-Methyl-5 : 10-dihydrophenarsazine could be acetylated only by means 
of boiling acetic anhydride (compare Aeschlimann, J., 1927, 413), but it reacted vigorously 
at 100° with bromoacetic anhydride; nothing, however, could be isolated from the product. 
When bromoacetic acid was heated with 10-benzyl-2-methyl-5 : 10-dihydrophenarsazine, 
benzyl bromide was evolved and a gum obtained. 

Some evidence was obtained that the acetylation of 10-chloro-5 : 10-dihydrophen- 
arsazine is a reversible reaction with the position of equilibrium not entirely in favour of 
the formation of the acetyl derivative. 

Finally, attempts were made to prepare sfirvo-compounds of the type (V) by heating 
pentamethylene dibromide with 10-methyl-5 : 10-dihydrophenarsazine, but the product 


X_ (IV.) 
\ is 














was unworkable. a 7 
M CH, 
e 
. = 
4 SO + wicttaabe = \ 282 | Bet CHBr 
\NH (V.) 


It is known that when cacodyls are heated with alkyl oe. the following reaction 


takes place : 
R,As*AsR, + 2RX = R,AsX + R,AsX. 


An attempt was consequently made to prepare the compound (V) by heating penta- 
methylene dibromide and 10 : 10’-bis-5 : 10-dihydrophenarsazinyl, the following reaction 
being anticipated : 

Br 


aa 
oa “O| + Br(CH,];Br = CX + (V.) 
\NH” \NH” 


The substance isolated was ile with difficulty and the analytical figures indicated that, 
though the reaction had proceeded in the manner anticipated, some pentamethylene 
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dibromide had interacted with the ‘NH group also. Hence, to establish whether under 
the conditions of the experiment there was a tendency for the NH group to react, a simpler 
reaction was studied. 

Ethyl bromide reacted with 10 : 10’-bis-5 : 10-dihydrophenarsazinyl at 100° in sealed 
tubes, giving 10 : 10-diethyl-5 : 10-dihydrophenarsazonium bromide and 10-bromo-5 : 10-di- 
hydrophenarsazine. The former was also synthesised from 10-ethyl-5 : 10-dihydrophen- 
arsazine and ethyl bromide for comparison. There appeared to be no tendency for the -NH 
group to react with ethyl bromide, but the product held tenaciously some alcohol (from 
which it was crystallised) which lowered the melting point from 152° to 130°. Ethyl 
bromide would not react with 5-acetyl-10-methyl-5 : 10-dihydrophenarsazine or with 
10 : 10’-bis-5-acetyl-5 : 10-dihydrophenarsazinyl. 


EXPERIMENTAL. 


10-Benzyl-2-methyl-10-n-propyl-5 : 10-dihydrophenarsazonium Bromide.—Benzyl bromide 
(4:3 g.) and 2-methyl-10-n-propyl-5 : 10-dihydrophenarsazine (7-1 g.) were heated in a sealed 
tube at 100° for 4 hours, the product dissolved in a small quantity of hot alcohol and cooled, 
and ether added. The solid precipitated was colourless and the solution green. The bromide 
crystallised from ethyl alcohol-acetone in minute colourless prisms, which became deep yellow 
at 190° and decomposed at the m. p., 206—207°. It is soluble in methyl and ethyl alcohols 
(Found: Br, 17-1. C,3H,,;NBrAs requires Br, 17-0%). 

10-Phenacyl-2-methyl-10-n-propyl-5 : 10-dihydrophenarsazonium bromide was similarly pre- 
pared from the phenarsazine (6 g.) and w-bromoacetophenone (4 g.). The solid obtained in 
quantitative yield was boiled with acetone and cooled, and the insoluble material crystallised 
from a little alcohol. It resembled the foregoing compound (Found: Br, 15-7. C,,H,,;ONBrAs 
requires Br, 16-0%). 

10-Benzyl-2-methyl-10-n-propyl-5 : 10-dihydrophenarsazonium d-camphor-B-sulphonate was 
obtained by boiling a mixture of the corresponding bromide (4-7 g.) with silver d-camphor-f- 
sulphonate (3-39 g.) in alcohol (50 c.c.) for 2 hours, removing the silver bromide, and con- 
centrating the filtrate. The colourless crystals had m. p. 262° (decomp.) after turning green at 
250° (Found: As, 12-0. C,,;HyO,NSAs requires As, 12-1%). A large quantity of this sub- 
stance was subjected to a searching and systematic crystallisation; the rotatory powers of the 
least and the most soluble fraction were [«]?;, + 21-0° and + 21-5° respectively, the m. p.’s 
were identical, and both fractions contained 12-0% of arsenic. 

10-Benzyl-2-methyl-5 : 10-dihydrophenarsazine.—The Grignard reagent prepared from benzyl 
bromide (156 g.), magnesium (22 g.), and ether (440 c.c.) in a 3-litre flask was cooled and treated 
with 10-chloro-2-methyl-5 : 10-dihydrophenarsazine (128 g.), added in small portions through a 
long wide condenser. After $ hour dilute sulphuric acid and ice were added, the ether evapor- 
ated, and the product crystallised from 95% alcohol; it formed pale yellow needles, m. p. 132-5° 
(Found: As, 22-1. Cy9H,,NAs requires As, 21-6%). Dibenzyl was isolated from the mother- 
liquor, 

10-Phenacyl-10-benzyl-2-methyl-5 : 10-dihydrophenarsazonium bromide was obtained by 
heating the last-mentioned phenarsazine (3-47 g.) and w-bromoacetophenone (1-99 g.) in a 
sealed tube for 6 hours at 100°. The product was boiled with alcohol; the insoluble material 
obtained after cooling crystallised from methyl alcohol in small prisms, which turned yellow at 
about 195° and orange at 200° and melted to an orange-red liquid at 203° (Found: Br, 14-6. 
C,3H,;ONBrAs requires Br, 14-65%). 

The corresponding d-camphor-f-sulphonate was prepared from the bromide (11-25 g.), silver 
d-camphor-8-sulphonate (7-0 g.), and alcohol (125 c.c.) (Found: As, 10-95. C3,,H,O;NSAs 
requires As, 10-75%); it crystallised from alcohol in small colourless needles, m. p. 187—188°. 
About 44 g. of the salt were fractionally crystallised from alcohol: the least and the most 
ame fraction had [a]3{;, + 17-25° (c 1-4857) and + 17-62° (c 1-5383) respectively in absolute 
alcohol. 

10-Phenacyl-10-benzyl-2-methyl-5 : 10-dihydrophenarsazonium iodide was obtained by adding 
a warm solution of potassium iodide (16 g.) in water (300 c.c.) to a boiling solution of the 
d-camphor--sulphonate (50 g.) in alcohol (95%, 500 c.c.). Crystals began to separate immedi- 
ately and, after cooling, were filtered off; as they were insoluble in the usual solvents, the 
material was boiled with alcohol; m. p. (after turning red) 179° (Found : I, 21-2. C,,H,;ONIAs 
requires I, 21-4%). 















The Dissociation Constants of Organic Acids. Part VII. 1637 





Treatment of the iodide (5-93 g.) in suspension in hot water (50 c.c.) with silver oxide (from 
3-40 g. of silver nitrate in water, 20 c.c.), followed by the addition of alcohol (30 c.c.) and heating 
to boiling, seemed to cause little reaction, and the mixture was heated on the water-bath for 2 
hours with constant shaking. On filtration while hot, some oil separated and later crystals were 
deposited; the latter were recrystallised from a little alcohol (Found: As, 19-9. Cg9H9O,NAs 
requires As, 19-7%). The m. p. was indefinite and the substance is presumed to be (III). 

Action of Ethyl Bromide on 10: 10'-Bis-5 : 10-dihydrophenarsazinyl.—These substances 
(12-6 g. and 4-0 g. respectively) were heated in a sealed tube at 100° for 3 hours, left over-night, 
and then heated for a further 6 hours. Two liquid layers formed, and the lower one solidified 
on cooling. The whole was boiled with benzene and alcohol, and the solution evaporated to 
small bulk and boiled with a further quantity of benzene. The benzene solution was separated, 
and the residual oil boiled again with benzene. The final residual oil crystallised from a small 
quantity of alcohol in colourless needles, m. p. 125° (previous softening). After further crystal- 
lisation from the same solvent the air-dried material had m. p. 129—132° (frothing) (Found : 
As, 17-9. C,sH,sNBrAs,EtOH requires As, 17-6%). After drying under reduced pressure over 
potassium hydroxide and then standing in the air for several days, it had m. p. 152—153° 
(decomp.) (Found: As, 19-5. C,,H,,NBrAs requires As, 19:7%). The same behaviour was 
shown by a specimen of 10 : 10-diethyl-5 : 10-dihydrophenarsazonium bromide obtained by heating 
10-ethyl-5 : 10-dihydrophenarsazine (4-8 g.) with ethyl bromide (6-0 c.c.) in a sealed tube at 100° 
for 75 minutes (Found: As, 19-2%). The corresponding iodide, obtained by adding con- 
centrated potassium iodide solution to a solution of the bromide (4-6 g.) in hot water (35 c.c.), 
crystallised from hot water in colourless needles, m. p. 230° (decomp.) (Found: I, 29-0. 
C,.H, .NIAs requires I, 29-7%). 

10-Chloro-5-acetyl-5 : 10-dihydrophenarsazine (6-3 g.), dissolved in a boiling mixture of 
acetone (100 c.c.) and alcohol (450 c.c.), was treated with a mixture of hypophosphorous acid 
(d 1-136, 8 c.c.) and alcohol. After a few minutes’ boiling, 10 : 10’-bis-5-acetyl-5 : 10-dihydro- 
phenarsazinyl was deposited in colourless crystals (compare Burton and Gibson, J., 1926, 2247). 
This compound did not react with ethyl bromide during several hours’ heating at 100°. 

Action of Pentamethylene Dibromide on 10: 10’-Bis-5 : 10-dihydrophenarsazinyl.—A mixture: 
of 8-6 g. of the latter and 28-5 g. of the former was heated in a boiling water-bath for 8 hours 
with occasional shaking. The product was extracted with hot alcohol, the solution evaporated, 
and the residue extracted twice with hot benzene. The insoluble oil was dissolved in a little 
alcohol, and crystallisation induced by scratching. After extraction with acetone, the residue 
crystallised from alcohol in small yellow plates, m. p. 155° (decomp.) (Found: Br, 28-4; As, 
15-6. C,,H,,NBrAs requires Br, 29-5; As, 13-9%. C,,H,,NBrAs requires Br, 20-4%). When 
the yellow crystals were boiled with ethyl alcohol-ethyl acetate, the colour was removed; the 
residue, when recrystallised from alcohol, was obtained in small colourless plates, m. p. 166° 
(decomp.) (Found: Br, 27-2; As, 15-55%). 
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388. The Dissociation Constants of Organic Acids. Part VII. Acetic 
Acid: A Correction. The Solvent Correction for Salts of Weak 
Monobasic Acids. 


By GrorGE H. JEFFERY, ARTHUR I. VOGEL, and (in part) HucH V. Lowry. 


THE view that carbonic acid is the chief impurity in equilibrium water has long been held 
(compare Kendall, J. Amer. Chem. Soc., 1916, 38, 2460; 1917, 39, 7) and supporting 
experimental evidence has been provided by the present authors’ determinations of the 
conductivities of sodium and potassium hydroxides in such water (Phil. Mag., 1933, 15, 
395). The solvent correction for these alkali hydroxides was applied on the basis that 
carbonic acid is the sole impurity, and the corrected results were in agreement above ca. 
0-0005N with the similar measurements of Goworecka and Hlasko (Rocz. Chem., 1932, 12, 
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403; Jeffery and Vogel, Phil. Mag., 1933, 16, 64) with ultra-pure conductivity water 
(« about 0-1 gemmho). The importance of conductivity measurements of the alkali-metal 
acetates in the evaluation of the dissociation constant of acetic acid led us to investigate 
the influence of the specific conductivity of the water upon the results for the equivalent 
conductivity. Potassium acetate, being anhydrous, was chosen. With water of « = 0-420 
gemmho it was found that the conductivities were appreciably higher, after application of 
the solvent and hydrolysis correction, than those obtained with equilibrium water. This 
suggested that the independent solvent and hydrolysis corrections in our previous deter- 
minations (Part VI; J., 1932, 2829) with equilibrium water were inadequate. New 
determinations were therefore carried out with equilibrium water to which sufficient of 
a dilute solution of barium hydroxide was added to react with all the carbonic acid, it being 
assumed that this was the only impurity present. In order to suppress the hydrolysis of 
the resultant barium carbonate in dilute solution, about 20% excess of barium hydroxide 
was actually employed (compare MacInnes and Shedlovsky, J. Amer. Chem. Soc., 1932, 54, 
1432, who used excess of acetic acid in the parallel case of sodium acetate). The con- 
ductivity of the solvent after the addition of the barium hydroxide was subtracted from the 
total observed specific conductivity, and the hydrolysis correction applied as before (J., 
1932, 2835). The corrected results were higher than those previously obtained and are 
regarded as more trustworthy. 

The above method of correcting the observed results applies only to those weak acids 
for which the approximate expression a, = VKuw/C . Kejass. is valid, i.e., where «, is small : 
C is the molecular concentration of the salt and Ky,,,. is the classical dissociation constant 
of the acid (compare J., 1932, 2835). A general correction, applicable to the alkali salts 
of all weak acids, may be deduced as follows. This derivation is for equilibrium water to 
which barium hydroxide solution has been added in 20—40% excess of that required 
completely to react with all the carbonic acid present. This will be termed the “ baryta 
water ’’ method. The presence of a small quantity of barium carbonate and hydroxide in 
solution is allowed for by subtracting its specific conductivity from the total observed 
conductivity, the resultant figure being regarded as the specific conductivity of the salt. 
Definite experimental evidence in support of this is provided by the results of another run 
for potassium acetate which was carried out with 40% excess of barium hydroxide. These 
are given in Table I; the third line contains the values of A interpolated from the con- 
ductivity—concentration curve obtained with 20% excess of barium hydroxide. The agree- 
ment is excellent except at the lowest concentration. The values of « relate to the water 
after and before addition of baryta. 





TABLE I. 


Cell S. Series 7. « = 3°61 [0°776). 


1-511 3°520 5°743 12-79 21°79 33°63 
. 114-03 113-77 113-56 112-65 111-64 110-97 
Ainterp. 114°20 113-87 113-54 112°67 111-72 110°87 


The following equilibria must be considered in the solution of a salt NaA in such water : 
NaA = Na’+ A’; H,O = H’"+ 0H’; A’+H* = HA. Since the solution is 
electrically neutral, 

[Na‘] + [H’] = [A’] + [OH’] 
Now [H*}[A’]/(C — [A’]) = Ka 
or [A’] = KaC/({H*] + Ka). 
Substitution in (1) with [Na‘] = C, gives 
C + [H’] = KaC/((H"] + Ka) + Kw/{H’] 
The solution of this cubic equation for [H‘] is (see Appendix) 
([H’? = H,? + H;(Kw — H;*)/(Ka + C) 


where 
H;? = KwKa/(Ka a C) 7 
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([H*] being known, [A’] and [OH’] can be readily computed from the above relations. The 
correction Ax to be added to the observed specific conductivity is given by 


Ax = 10°°{A,.(C — [A’]) — Aq-[H'] — Agon[OHJ} . . . . (8) 


where A,., Aq-, Agq are the limiting mobilities of the anion, hydrogen, and hydroxyl 
ions respectively. 

This treatment may be applied with slight modifications to solutions made with equi- 
librium water, or with water of lower conductivity provided it be assumed that carbonic 
acid is the only conducting impurity present. The equilibrium, H,CO, == H* + HCO,’, 
must be considered in addition to the three detailed above. The concentration of carbonic 
acid is designated by m, its secondary dissociation may be assumed negligible, and the 
primary constant is represented by Ke. 

Equation (2) now becomes 


C + [H’] = KaC/({H’] + Ka) + Kw/[H’] + Kem/(([H]+ K) . . (6) 


(Ives, this vol., p. 314; compare Davies, Trans. Faraday Soc., 1932, 28, 607). 
The solution of this equation of the fourth degree for [H*] (see Appendix) for values of 
m>1 x 10°, expressed in g.-mols./l., is 


[H'] =H, + (s—H,)/H,2pH,+9) . . . - . (7) 


H, ={(V@+4p)—Qip..... .. &) 


and p = K- ob Ka + Cc. q = KC a K-Ka —_ Km — Ku, Y‘= K-Kam + Kuk. 4: KwuKa, 
and s = KwyK-Ka. 
For values of m <1 x 10°, 7.e., with water of « < 0-8—0-9 gemmho at 25°, 


[H*] = H, + (H,* + #H,%)/(2g9H,—7)-. . . . . - (9) 


Hy = {V (r? + 4gs) +r} /2g «ww eee (10) 
The correction to be added to the measured specific conductivity is 
An = 10°{A, (C — [A’]) — Aq.[H*] — Ap [OH’] — Agoo,[HCO,'] . (11) 


We have applied equation (11) to our original measurements on potassium and sodium 
acetates (J., 1932, 2836) and also to the new determinations for potassium acetate with 
water of x = 0-420 gemmho. The results are in Table II. 


where 


where 


TABLE II. 
Potassium Acetate at 25°. 
Run l. Cell V. « = 0°730. Run 2. CellS. «= 0°819. Run 3. Cell S. «= 0°420. 
C x 10%. [H*] x 107. Acorr.. C x 104. [H*] x 107. Acorr.: C x 104. [H*] x 107. Acorn. 
1-415 5°401 117°12 2-909 5°019 115°55 1°112 6°482 116°91 
6°177 2-201 113-36 7°096 2-221 113°58 7-212 1-091 113°40 
11°53 1°312 112°54 15°79 1°:220 112-25 14°06 0°606 112-39 
23°11 0°761 111°67 30°27 0°669 111-06 26°54 0°295 111°32 
48°22 0°406 110°14 39°70 0°482 110°52 43°63 0°167 110°29 
72°85 0:279 109°17 68°68 0°301 109°23 72-01 0°096 109°17 
92-45 0-248 108-45 
111-0 0°199 107°83 
' Sodium Acetate at 25°. 
Run l. Cell V. «= 0°811. Run 2. CellS. «= 0°840. 
cx {ix Cx (Hx Cx fH] x cx. tix 
104. 107. Rowe. 104. 107. Aourr.- 104. 107. Meson. 104. 107. | on 
1-285 6441 94-01 38°74 0°571 86°44 2°808 5°672 91°56 32°06 0°581 86°72 
5°368 2°762 89°75 57°78 0°398 85°52 6°076 2°122 89°38 51:09 0°401 85°80 


9°927 1°722 88°72 75°24 0268 84°81 14°87 1316 88°26 64°91 0°315 85°15 
19°71 1:009 87°66 91°77 0°251 26°38 0-792 87:06 99°01 0°232 
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The values of the equivalent conductivities for both of these acetates determined by 
the baryta method are in good agreement with the above data at concentrations exceeding 
0-0005N (see Experimental). Agreement below this concentration was not expected from 
the work on the alkali hydroxides (see Jeffery and Vogel, Phil. Mag., 1933, 16, 64); it 
appears that below ca. 0-0005N the influence of minute quantities of saline impurities, 
otherwise negligible, becomes appreciable. The determinations by the baryta-water 
method, when corrected by the authors’ original method (J., 1932, 2835) or by the new 
general method as expressed by equation (5), give practically the same values for the 
equivalent conductivities (see Experimental). 

In Part VI (loc. cit.; see also Nature, 1932, 130, 435) we SEE upon the dis- 
crepancies between our own measurements and those of MacInnes and Shedlovsky (oc. cit.) 
upon sodium acetate. As the solvent correction applied by us at that time was inadequate, 
it is now clear that the original comparison was not a legitimate one. A true comparison 
of the two sets of results at round concentrations shows that the results are in satisfactory 
accord with one another in spite of the differences in solvent correction and general 
manipulation. 

The conductivity at infinite dilution of the final corrected results for both sodium and 
potassium acetate have been computed both by the “‘  ”’ and by the square-root formula. 
The former method gives 


NaOAc: A," = Ac + 139-8 C°S4, A” — 90-27; 
KOAc: Ag” = Ac + 210-4 C9795, A" = 114-17. 


These lead to 40-47 and 40-77 respectively for the limiting mobility of the acetate ion; 
mean, 40-62. The square-root formula gives 41-45, which is less probable. The new value 
of Ay for acetic acid is therefore 348-0 + 40-62 = 388-62 (cf. J., 1932, 2830), which differs 
appreciably from that (387-85) originally employed by us, but is less than that (390-59) of 
MacInnes and Shedlovsky (loc. cit.). The results of the three series of measurements described 
in Part VI have been recalculated with Ay = 388-62; A- was the mean value obtained from 


the relations 
AHOAc = AwHCl — Ac-KCl + AeKOAc. 
= Ac HCl — Ac-NaCl + Acg-NaOAc. 


The final figures for the three runs with acetic acid (J., 1932, 2837) are collected below, 
Knerm, being the thermodynamic or true dissociation constant. 

25°62 45°23 65°27 89°55 113-2 

31-59 24-05 20-06 16-99 15-42 


i OT ceca ee 1843 1:847 1843 1°790 1-865 
Kinerm. X 108 . 1-788 1-790 1764 1-717 1:776 


Cc x 104 5 9°400 24°78 38°86 56°74 80°23 92°16 1063 

e ceenonwers 50°60 31-94 25°78 21-48 18°51 16-99 15°81 
‘lass. 1-832 1824 1+832 1°835 1-806 1-842 1-834 

Kinerm. * 108 P 1-792 1-770 1771 1-768 1°732 1-766 1748 


C x 104 12°96 25°78 68°71 84:50 112-2 

hs “ish seteseeseeeceeseeeeeee 6595 43°50 31:43 19-58 = 17°74 16-41 
Ketan, X 105 1826 1835 1-837 1:843 ‘1-837 
Kterm. X 10° . 1-784 1°780 . 1-766 1-772 1°758 


The mean values of the classical and the thermodynamic dissociation constant are 
1-824 x 10° and 1-764 x 10° respectively. MacInnes and Shedlovsky (loc. cit.) found 
1-813 x 10° and 1-753 x 10° respectively, the difference being due to their higher value 
of Ap. 

EXPERIMENTAL. 

The technique employed in the conductivity measurements has been described in earlier 
papers of this series. The sodium and potassium acetates were the specimens utilised in Part VI 
(J., 1932, 2834). The water with x = 0-420 gemmho used in the run for potassium acetate 
(Table I) was prepared Ly charging the boiler with equilibrium water (J., 1930, 1201). 

The runs by the baryta-water method were carried out by first measuring the specific. con- 
ductivity of the equilibrium water used, calculating the corresponding concentration of carbonic 
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acid by the method described by the present authors (Phi/. Mag., 1933, 15, 402), and then 
adding from a carefully calibrated burette the necessary quantity of ca. 0-0002N-barium 
hydroxide solution,* prepared by dissolving A.R. material in equilibrium water and 
standardised by titration (phenolphthalein) against solid succinic acid (A.R.) weighed on a 
microbalance. Usually about a litre of the water was prepared in a stoppered Pyrex flask, 
the whole was well shaken after the addition of the baryta, and used after 24 hours. This was 
employed for the preparation of the stock solution and in the Hartley and Barrett cell. 

The results are tabulated below; «x is the specific conductivity of the water after the 
addition of the baryta solution (the initial value is shown in parentheses), Aporm is the 
equivalent conductivity at concentration C (g.-equivs./l.), in which the conductivity of the 
solvent has been subtracted, A.o-, (A) are the values corrected for hydrolysis by the method 
previously described (J., 1932, 2835), and A,o-, (B) are the corresponding values corrected by 
equation (5). The values of all the necessary constants are to be found in the earlier papers 
of this series and in Phil. Mag., 1933, 15, 398. The mean values of A,” evaluated from the 
equation A,” = Ag + BC", the values of the constants of which are given, are included at the 
head of the tables, together with the values of A,* and * deduced from the square-root formula 
Ap’ = Ag+ *C®>. The values of *%,,),. and A (J., 1931, 720) for sodium and potassium acetates 
are 80-6, -- 4:2% and 86-0, — 25-2% respectively. Col. 5 gives the values of A,” calculated 
by the “‘ x ”’ formula, col. 6 the values of A,gj, computed from the given values of A,’ and 7, and 
col. 7 is the difference between col. 3 and col. 6. M is the molecular weight. 


Sodium Acetate at 25° (M = 82-04). 
A," = Ag + 139-8084; A.” = 90-27. A,’ = Ag + 77-30%; A,? = 91-25. 
Pyrex Cell S. Series 3. « = 2°97 (0°665). 


Cc x 10¢ Agorm.- Acorr. (A). Acorr. (B). Ag". Aceale.: Diff. 
2-001 90°26 89°81 89°85 90°34 90°12 — 031 
6°134 89°42 89°23 89°23 90°26 89°24 — 0°01 

12-07 88°61 88°50 88°49 90°11 88°45 — 0°05 
28°82 86°96 86°91 86°92 90°25 86°95 0°05 
47°13 85°87 85°84 85°82 90°31 87°77 0°07 
69°26 84-92 84-92 84°94 [90°59] 84°01 0-91 
81-99 84°46 84°46 84°46 {90°92} -— — 

Pyrex Cell V. Series 4. « = 3°04 [0°671]. 

0°997 90°48 89°89 89°96 90°32 90°44 — 0°55 
3-236 89-92 89°61 89°62 90°28 89°84 — 0-23 
7:987 89-12 88-97 88-95 90°21 88-90 0-07 

21:07 87°62 87°55 87°58 90°29 87°55 0-00 

36°25 86°43 86°38 86°37 90°27 86°32 0°06 

59°97 85°27 85°27 85:26 [90°57] 85°12 0-15 


Potassium Acetate at 25° (M = 98-13). 
Ag” = Ag + 210-4C9735; Ay" = 114-17. A,’ = Ag + 65-70%; A,’ = 114-84. 
Pyrex Cell V. Series 5. «x = 3°06 [0°672). 


1-301 114°24 113-76 113-78 114:07 114:07 — 0°33 

5°378 113°55 113-30 113°40 114°23 113°42 — 0°12 
11°14 112-93 112°78 112-84 114°26 112-91 0°13 
18°25 112-12 112-00 112-01 114°26 111°95 0°05 
28°26 111-25 111-20 111-18 114-10 111-08 0-12 
37°29 110°64 110°59 110°52 [11464] 110°38 0°19 

Pyrex Cell S. Series 6. «x = 3°12 [0°673]. 

2-511 114-02 113-62 113-64 114°10 113-95 — 0°32 

9°023 113-08 112-92 112-95 114°17 112°98 — 0°06 
15°56 112-39 112-29 112-27 114:09 112-22 0:07 
35°23 110°87 110°83 110°81 114-23 110-70 0°13 
50°05 109°92 109°92 110-93 114°25 109°68 0°24 
61°25 109-48 109°48 109°47 [114-45] — — 
91°42 108-40 108°40 108-41 [115-09] — — 


* When these runs were carried out in 1932, Kendall’s value of 3°50 x 10-7 for the primary dissoci- 


ation constant of carbonic acid was employed in the calculations. With the new figure of 4°54 x 10-7 
(MacInnes and Belcher, J. Amer. Chem. Soc., 1933, 55, 2630), published after this paper was submitted, 
recalculation shows that what was originally regarded as the calculated quantity of barium hydroxide 
solution was actually 20% excess. All the results have been recalculated with the new value. 
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Ag at Round Concentrations.—The revised values for the equivalent conductivity at round 
concentrations for sodium and potassium acetates are given below. Interpolation was carried 
out on a Ag—C graph drawn with a flexible spline. 

2-0 5:0 10°0 20°0 30-0 40-0 
(89°98) 89°39 88°73 87°67 86°82 86°17 
(113-80) 113°33 112-79 111°86 111-08 110-40 


50-0 60-0 70-0 80-0 90-0 100-0 
85°68 85°25 84-90 84:53 84:19 83-86 
109-95 109-49 109-14 108-79 108-48 108-16 
APPENDIX (with H. V. Lowry). 
Equation (6) may be solved for [H*] as follows. Cleared of fractions, it becomes 
[H+ ~(fHP+qHP—-7yH]—-s=0 .... . fi 
where #, g, 7, and s are the expressions given on p. 1639. Equation (i) can be written 
P{W’ + gH }—7[H]}=s—[H}?..... . fii) 
and hence its roots are given by the points of intersection of the graphs of y, = p[H*}® + 


g{H*}? — 7[H"], and y, = s — [H‘]*. The graph of y, cuts the axis of [H‘) at [H’] = 0, 
and at a positive value H, and a negative value H,’; H, and H,’ are given by 


H, = {V(? + 467) —gi2p. . . . . . .« (iii) 


H,’ = —{V(q?° + 4pr)+g}/26 . . . . . . (iv) 
The graph of y, cuts the axis of [H*] at [H"] = + s'*. For values of the constants within 
the range under consideration, 7.e., for acetic acid, H, is always less than s¥*, and conse- 
quently the graphs intersect between H, and s!4. Moreover, if the gradient of the graph 
of y, at [H*] = H, is sufficiently large, the graphs will intersect at [H*] = H,. With this 
assumption one may take H, as a first approximation to the required root. A closer 
approximation can then be found by writing (ii) in the form 
plH')((H'] — H,)((H'] — Hy’) = s — [H'}¢, 
and putting [H*] = H, in every term except [H*] — H,. This gives 
s — H,! s — H,! se 
~H,(H, — Hy’) [2pH, + q] 
The approximation gives the root to within 1% for the values of the constants for acetic 
acid except for m<1 x 10°.* 
For values of m<1 x 10°, one proceeds as follows. Equation (i) can be written 
q[H*}? — 7[H*] —s= — ((H'}*+ f[H'}§) . . . . . (wi) 
and hence the required root is between the point of intersection of the graphs y, = qg[H*]? — 
r{H"] — s, and y, = — ({H’]* + p[H‘}’). The graphs intersect to the left of the positive 
root, Hg, of g[H*}* — r[H*] — s = 0, which is given by 
H, = {V (7? + 4gs) + r}/2g. 2. . . Wii) 
and therefore the required root is less than Hs. If one takes H, as a first approximation 
and proceeds as before, one finds that a close approximation is 
H, = H, — (H,;* + #H,°)/(29H, —7) . . . . . (viii) 


In every case the required root lies between H, and Hs. 


and 








H, = Hy + 


= Hy + 


* The corresponding values of the specific conductivity of the water at 25° and the total concen- 
tration of the carbonic acid m are: 


1-0 0 
1-424 698 
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0-910 
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Solution of the “‘ Baryta-water Method’ Equation (2).—This may be written 
[H’? + [Ke + C)[H'}? — K.o[H']—KwKa=0 . . . . (ix) 


In this equation Kw is small compared with Ka, and graphical considerations show that the 
root must be less than Kw. Hence the second and fourth terms of (ix) are much the 
largest, and a first approximation to [H’] is given by 


H,? = KwKa/(Ka + C) . ° ° ° . ° ° ° (x) 


Substituting this value of [H’*] in the other two terms, one finds that a closer approxim- 
ation to [H’] is given by 
H,? = H,;? + H;[Kw—H;7]/(Ka+C) . . . . . (xi) 


For the acids which will be considered in this series of researches, Ke = 4°54 x 107, and 
the ranges of the constants are m = 0-1—3-0 x 10°, C=1 x 10%—1 x 10°, and Ka = 
1 x 10°—1 x 10%, and the approximations, which are in some cases of greater accuracy 
than are necessary, to the positive value of [H*] hold. 

The applications of these corrections to salts of dibasic acids will be described in a 
later paper. 





SUMMARY. 


(1) Full details are given of the water correction for solutions of salts of weak mono- 
basic acids, valid above a concentration of ca. 0-0005N, made with equilibrium water, and 
the method has been applied to our measurements with sodium and potassium acetates 
(J., 1932, 2836). 

(2) A new method is described for the accurate measurement of the conductivities of 
salts of weak acids. It involves the addition of 20—40% excess over the calculated: 
quantity of barium hydroxide required to react with all the carbonic acid (assumed to be 
the only impurity) in the water used. When applied to sodium and potassium acetates at 
25°, this method gives 40-62 for the limiting mobility of the acetate ion at 25°. 

(3) Corrected values for the classical and the thermodynamic dissociation constant of 
acetic acid are 1-824 x 10° and 1-764 x 10° respectively. 


The authors’ thanks are due to the Chemical Society and the Royal Society and to Imperial 
Chemical Industries for grants. 


WooLtwicH PoLyTEcHNIc, Lonpon, S.E. 18. 
UNIVERSITY COLLEGE, SOUTHAMPTON. (Received, July 6th, 1933.] 





NOTES. 


3-Chiorophthalic Acid. By J. C. Smitu. 


3-NITROPHTHALIC anhydride (10 g., m. p. 163°) and phosphorus pentachloride (11 g.) were 
heated in a sealed tube for 9 hours at 190—200° (compare Bogert and Boroschek, J. Amer. 
Chem. Soc., 1901, 28, 751). The solid obtained was separated from volatile impurities by 
heating in a vacuum cautiously to the m. p.; from its filtered solution in benzene, ligroin pre- 
cipitated colourless crystals, m. p. 122° (yield, 60%), and 126° after recrystallisation from 
benzene-ligroin. Hydrolysis of the anhydride, m. p. 122° or 126°, gave an acid, m. p. 200— 
202° (decomp.) (Found: C, 48-0; H, 2-5; equiv., 100-5. Calc.: C, 47-9; H, 25%; equiv., 
100-2). Direct hydrolysis of the reaction products from the sealed tube by heating with water 
(vigorous reaction) gave 90% yields of 3-chlorophthalic acid, but one experiment in which 
impure 3-nitrophthalic anhydride (m. p. 156—159°) was used yielded a product, m. p. 185° 
(decomp.) (equiv., 103), unchanged by crystallisation. Addition of the acid, m. p. 202°, to this 
gave a mixture, m. p. 186° (Bogert and Boroschek’s acid melted at 186°). Reaction with 
acetic anhydride yielded slightly yellow crystals, m. p. 124° and 126° after recrystallisation 
(equiv., 90-7. Calc., 91-2); hydrolysis gave the acid, m. p. 200—202°. 3-Chlorophthalic 
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acid when pure is sparingly soluble in cold water. Its solubility in ether enables it to be 
separated from o-phthalic acid, m. p. 209° (decomp.).—THrE Dyson PERRINS LABORATORY, 
OxFORD UNIVERSITy. [Received, October 20th, 1933.] 





A Synthesis of Tricin. By K. C. Gutati and K. VENKATARAMAN. 


By a mixed m. p. determination and by colour reactions, synthetic 5: 7: 4'-trihydroxy- 
3’ : 5’-dimethoxyflavone (Gulati and Venkataraman, this vol., p. 942) has been identified, as 
already suggested (Current Science, 1933, 1, 238), with tricin, the colouring matter of ‘“‘ Khapli ”’ 
wheat, for a specimen of which we are greatly indebted to Dr. J. A. Anderson of the National 
Research Council of Canada.—FoRMAN CHRISTIAN COLLEGE, LAHORE. [Received, September 
19th, 1933.) 








An Improved Preparation of Selenophen and Attempts to prepare Tellurophen. By FRANCIS 


A. McManon, Tuomas G. PEARSON, and Percy L. RoBINson. 


THE synthesis of thiophen and selenophen from the respective elements in acetylene (Briscoe 
and Peel, J., 1928, 1741; Peel and Robinson, ibid., p. 2068) is facilitated by catalysts (compare 
Tschitschibabin, J. Russ. Phys. Chem. Soc., 1915, 47, 703): selenium with roasted bauxite in 
a furnace gave 25 g./24 hr., but selenium alone gave only 15 g.; from tellurium, no tellurophen 
was obtained. For both selenophen and tellurophen the best packing was roasted bauxite 
with aluminium selenide or telluride; at 400°, the former gave 20-25 g. /24 hr. of a liquid (15% 
of selenophen and neither naphthalene nor other solid), the latter, 20 g./24 hr. of a liquid con- 
taining tellurium (at 600°, Te absent). 282 G. of the latter liquid prepared at 350° consisted 
of 61 g., b. p. << 100°; 62 ¢., b. p. 100—184°; and 159 g., b. p. > 185°. Tellurium was found 
only in the pale yellow middle fraction (d 0-98 g./c.c.), but was not segregated by fractionation ; 
it was also present in the precipitates formed by this fraction with mercuric sulphate and acetate. 
Selenophen forms a white crystalline triphenylmethane derivative, m. p. 57° (Found : CHPh,, 
64-8; C,H,Se, 35-2. Calc. for CHPh,;,C,H,Se, 65-0 and 35-0%, respectively), from which 
selenophen may be recovered by heating. A corresponding compound appeared to be formed 
from the above distillate, and tellurium was certainly present in the product obtained from 
it by heating. 

An attempt was made to obtain tellurophen by modifying Volhard and Erdmann’s synthesis 
of thiophen (Ber., 1885, 18, 454), viz., heating sodium succinate with phosphorus trisulphide. 
Foa (Gazzetta, 1909, 39, 527) claims thus to have prepared selenophen, but we have obtained 
only traces of possibly selenophen from 30 g. of the succinate and 20 g. of the selenide, and no 
tellurophen with aluminium telluride alone and with red phosphorus. Paal and Tafel (Ber., 
1885, 18, 456) got thiophen-a-carboxylic acid by heating mucic acid with barium sulphide. 
Aluminium selenide or telluride at 200°, however, did not give acids containing these elements, 
nor was selenophen or tellurophen formed from tetramethylene glycol and aluminium selenide 
or telluride. 

The liquid obtained by heating aluminium telluride with bauxite in acetylene contains a 
tellurium compound, b. p. 120—150°, believed to be tellurophen, the probable b. p. of which 
is 136°.—UnIvERSITY oF DURHAM, ARMSTRONG COLLEGE, NEWCASTLE-UPON-TYNE. [Received, 
August 11th, 1933.] 




























OBITUARY NOTICES. 


ARTHUR PIPER ADAMS. 
1859—1933. 


ARTHUR PIPER ADAMS was born in 1859, and died at his home, Kelvin House, Smethwick, 
nr. Birmingham, on July 10th, 1933. He was educated at a middle-class school in Smeth- 
wick and later at the Birmingham and Midland Institute, the Mason University College, 
and the Royal College of Science, London. His successes included a Royal Exhibition 
at the Royal College, and a Dublin scholarship. 

Among the appointments he held were those of a science lecturer at the Smethwick 
Technical School for thirty-two years: he also taught science at the Walsall Technical 
School, West Bromwich Technical School, Solihull Grammar School, Handsworth Grammar 
School, Stafford Grammar School, Bilston Technical School, Darlaston Technical School, 
Dudley Technical School, and Bourne College, Quinton. He was responsible for papers 
on the “‘ Heat-producing Power of Fuel,” ‘‘ Electrical and Thermal Conditions in Alloys,” 
and “ Artificial Foods.” 

It is some seven years since the writer first knew Adams personally. He was a big 
man both physically and intellectually. He was then, and had been for some time, 
Honorary Librarian of the Birmingham and Midland Institute Scientific Society, of which 
Society he had been an original member. He retained this Honorary Librarianship until 
within a year or so of his death, and was then elected an Honorary Member of the Society’s 
Committee. I felt him to be quiet, gravely humorous, and indefatigable. He had an 
obvious interest in all branches of science, and no mean knowledge in many of them. I 
can well believe what his older friends tell of his insatiable appetite for learning, his zest 
in examinations, and the strength which enabled him to enjoy long walks burdened with 
an old-fashioned full-plate camera. On one occasion he astonished the educational world 
by taking examinations in fourteen subjects, obtaining first-class honours in a large number 
and earning for himself the temporary nickname of ‘‘ The Fourteen Subjects Young Man.” 

After he had retired from teaching he became Scientific Adviser for Messrs. W. & J. 
George, Ltd., scientific apparatus makers, Birmingham, and they speak with great esteem 
and gratitude of his skill and ingenuity in devising new apparatus for educational work, 
and in checking all details thereof before he would pass a single thing as fit for public use. 
He had considerable knowledge in mathematics, and this helped him greatly in such 
research and design. 

His passion for science held till the end—he wished his body to be given to the Medical 
School of the Birmingham University for scientific purposes. 

His widow and family mourn a brave and accomplished man, and his scientific friends 
will always remember him with esteem and honour. 


G. W. M. 





WALTER CRAVEN BALL. 
1877—1933. 


WALTER CRAVEN BALL was born at 9 Brampton Grove, Cheetham, Manchester, on 
October 3rd, 1877, and died in a Salisbury Nursing Home on Friday, June 16th of 
this year. He was the son of William Henry Ball, a cotton spinner and partner in the 
firm of Bowker and Ball, Dukinfield, Cheshire, of which the son was a partner at the time 
of his death. He received his school education at the Manchester Grammar School, 
where, like many others who have attained positions of prominence in the chemical world, 
he received his first instruction in the science at the hands of the late Francis Jones. From 
Manchester he went with a scholarship to Trinity College, Oxford, and graduated M.A. in 
50 
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1900. From 1901 to 1913 he was a demonstrator in chemistry and physics at Guy’s 
Hospital Medical School, and during this period was able to carry out some important 
research work for which he received the D.Sc. of Trinity College, Dublin, in 1912. This 
work included papers, published in the Journal of the Society, on ‘“‘ Complex Nitrites of 
Bismuth ”’ (1905), ‘‘ A New Method for the Detection of Sodium, Cesium, and Rubidium ” 
(1909), ‘‘ The Slow Decomposition of Ammonium Chromate, Dichromate, and Trichromate 
by Heat ” (1909), “‘ Estimation of Sodium ” (1910), “‘ The Nitrites of Thallium, Lithium, 
Czsium, and Rubidium ” (1913); also a paper, published in the Proceedings of the Royal 
Society, 1912, A, 87, on ‘‘ Changes in the Absorption Spectra of Didymium Salts.” In 
1913 Ball started a consulting business in London, but abandoned this in 1915 when the 
war claimed him. In the first instance he joined as a civilian chemist and was attached to 
the Base Hygiene Laboratory, Boulogne (R.A.M.C.), where he remained 12 months, being 
commissioned as Lieutenant (General List) on August 4th, 1916. He was transferred to 
the R.E. and the Anti-gas Department, London, on February Ist, 1918, being promoted to 
the rank of Captain, and was demobilised on March 31st, 1920, having previously been 
raised to the rank of Major (acting). For his services during the war he was created an 
officer of the Order of the British Empire (Military Division). His connection with the 
Porton Experimental Ground dates from the time of its establishment in 1916. For many 
years he served as Superintendent of the Chemical Laboratories and it was only last year 
that he succeeded Mr. N. K. Johnson as Director of Experiments, a position he held until 
he died. While in charge of the Chemical Laboratories he was ever active in the interests 
of Chemical Defence, ascertaining those deleterious substances which might be used against 
us and devising means by which our men could be protected against them. Such work 
required a wide knowledge of both theoretical and practical chemistry, a knowledge which 
Ball was able to bring to bear on the intricate problems in hand. 

He had a very lovable disposition and was a firm and staunch friend. During a friend- 
ship extending over more than twenty years the writer does not remember having heard 
him speak disparagingly of anyone. Surely this can be said of few of us. A stern but 
kindly disciplinarian, he endeared himself to all associated with him either as seniors or as 
juniors. The two words which he evidently kept underlined in the dictionary of his mind 
were thoroughness and accuracy and no man (certainly no chemist) can desire a better 
epitaph than this. His loss will be grievously felt by all his friends and especially by his 
colleagues of the Department he served so well. 

On December 20th, 1905, he married Miss Mary Goddard Spicer, only daughter of the 
late F. S. Spicer and Mrs. Spicer of Godalming and Alton, who, with two sons and three 


daughters, survives him. 
be 4 o 





FREDERICK WILLIAM FLETCHER. 
1853—1933. 


Mr. FLETCHER, governing director of Messrs. Fletcher, Fletcher & Co., Ltd., Vibrona 
Laboratories, Holloway, London, N. 7, and Sydney, New South Wales, died at his residence, 
Windsmill, Enfield, on October 19th, 1933, aged 80. He had been a Member of the Society 
of Chemical Industry since its foundation in 1881, and was elected a Fellow of the Chemical 
Society on April 16th, 1874. He was a distinguished student, and medallist in chemistry 
in 1873, at the Pharmaceutical Society’s School at Bloomsbury Square, now a constituent 
College of the University of London. An early appointment as assistant to the public 
analyst for the West Riding of Yorkshire may be said to have influenced his subsequent 
scientific career. He engaged soon thereafter—in 1879—in business as a chemical manu- 
facturer in London, and he consistently maintained throughout the highest standards 
attainable of chemical purity and accuracy. The Company which bears his name was 
founded in 1898. His research work was more in the field of pharmaceutical chemistry 
and was published in papers contributed to meetings of the British Pharmaceutical Con- 
ference, These included :—Year Book of Pharmacy, ‘‘ Arsenic in Solution and Tincture 
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of Perchloride of Iron” (1880, 545); ‘‘ Gravimetric Estimation of Minute Quantities of 
Arsenic ” (1880, 546); ‘‘ Hydrobromic Acid ” (1881, 460); “‘ New Double Iodide ” (1878, 
598); “‘ Bismuth Iodides ” (1882, 475); “‘ Quinine Hydrate ” (1886, 60). 

Fletcher’s monographs and tables on tinctures are classic (Chemist and Druggist, 1889, 
I, 108, 238; 1900, II, 12; 1901, I, 138)—the latter on alkaloidal standards—and led 
directly to the introduction in the British Pharmacopeeia of 1898 of definite strengths of 
alcohol as menstrua for tinctures in place of the previous “ Spiritus Rectificatus ”’ and 
“‘ Spiritus Tenuior ”’ (proof spirit). 

Fletcher was a pioneer in the preparation of concentrated liquors for standardised 
galenical preparations, originally in chemical syrups, now a commonplace, and later for 
tinctures, alkaloidal and otherwise, which principle has at length received a considerable 
measure of recognition in the B.P. of 1932. 

In the course of much work on the chemistry of cinchona and its extraction by hydro- 
bromic acid, Fletcher devised the process for the manufacture of hydrobromic acid which 
was adopted in the B.P. of 1885 and has since been official. 

He patented a “ thermohydrometer,” in series from 0-600 to 1-850, giving at one reading 
specific gravity and temperature, which has proved of much utility in some industrial 
processes, and applied the same principle to a “ thermourinometer,” equally practical in 
clinical practice. Another ingenious patent is Fletcher’s ‘‘ autometric stopper,” a rubber 
stopper and pipette combined, accurately graduated to measure 30, 60, and 120 minims, 
also 2 and 5 c.c., for laboratory solutions and medicines, one to each reagent, whereby 
minute quantities can be taken up from within the bottle by slight pressure and expelled 
by release of an air valve, the use of a separate measure or pipette thus being avoided. 
His ‘‘ endolytic tubes ”’ are hermetically sealed capillary tubes containing the respective 
reagents for clinical testing at the bedside for albumen, glucose, acetone, and diacetic acid. 

In 1915 his well-appointed laboratories were engaged in research work of national 
importance. They had been completed three or four years previously: the architects’ 
drawings for the fine new laboratories, offices, and printing department were exhibited in 
the Royal Academy of 1910. 

Apart from his world-wide business as a manufacturing chemist, Fletcher’s interests 
were largely in hospital administration. He had held governorships of the Middlesex and 
Great Northern Hospitals and was for many years Chairman of the Enfield Cottage Hospital. 
Among his earlier contemporaries and friends was the late Mr. A. H. Allen, to whose work— 
‘“‘ Allen’s Commercial Organic Analysis ’—Fletcher contributed ‘‘ Citrate of Iron and 
Quinine ” (4th Edn., VI, 532). A process for “‘ Estimation of Total Astringent Matter in 
Tea,” devised by F. W. Fletcher and Allen, was published (Chem. News, 1874, 29, 167, 189). 

Fletcher was a man of remarkably fine personality, of exceptional charm, scholarly, of 
refined tastes, and of the highest rectitude of thought and purpose. His gracious presence 
and cherished counsel are much missed : it was a brevet of worth to be counted among his 
friends. W. Mair. 





SYDNEY ALEXANDER KAY. 
1874—1933. 


SyDNEY ALEXANDER Kay was born in Dundee and after leaving the High School became a 
student at University College, Dundee, under Professor (now Sir) James Walker. The 
association thus begun continued through most of Kay’s life. His student career was a 
brilliant one—he gained the medals in Chemistry, Natural Philosophy, Mathematics, and 
Physiology. Graduating as B.Sc. in 1896, he engaged in research with Walker, and two 
papers—‘‘ On the So-called Magnesium Hypoiodite ’”’ (Proc. Roy. Soc. Edinburgh, 1896, 
21, 236) and “ Velocity of Urea Formation in Aqueous Alcohol” (J., 1897, 71, 489)— 
recorded the investigations. The award of the 1851 Exhibition enabled him to study under 
Arrhenius at Stockholms Hégskola and under Ostwald at Leipzig. The work done at 
Stockholm furnished material for a lengthy paper on “ Equilibrium between Sulphuric 
Acid and Sulphates in Aqueous Solution ” (Proc. Roy. Soc. Edinburgh, 1899, 22, 484). 
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The next ten years were spent at St. Andrews, where Kay proved himself an efficient 
assistant to Professor Purdie and an extraordinarily conscientious teacher. Perhaps one 
might say that conscientiousness was his outstanding quality. While at St. Andrews the 
degree of D.Sc. was conferred upon him in 1902 and three years later he became a Fellow 
of the Chemical Society, London. 

On the retirement of Professor Purdie in 1909, Kay went to Edinburgh, once more to 
be associated with Walker, who had succeeded Crum Brown in the Chair of Chemistry in 
the previous year. He devoted himself anew to teaching and more especially the teaching 
of chemical analysis. The textbook—Cumming and Kay’s “ Quantitative Chemical 
Analysis ’’—first appeared in 1913, the fifth edition in 1928, and, at the time of his death, 
Kay was looking forward to bringing out, during a term’s leave of absence, a completely 
revised edition of the book. Another volume by Kay alone appeared in 1921 under the 
title ‘‘ Qualitative Analysis of Inorganic Substances.’’ He became much interested in 
water analysis and with Walker published ‘‘ The Acidity and Alkalinity of Natural Waters ” 
(J. Soc. Chem. Ind., 1912, 31, 1013) and with Susan H. Newlands “‘ Determination of the 
Hardness of Natural Waters and the Use of Methyl-red as an Indicator ”’ and ‘‘ The Deter- 
mination of Calcium and Magnesium in Natural Waters ” (ibid., 1916, 35, 445, 447). Dur- 
ing the second half of the Great War he did good service as Deputy Inspector of High 
Explosives for the South of Scotland. 

Kay was appointed a Lecturer in Chemistry in 1914 and from 1922 gave lectures to the 
Agriculture and Forestry students and was in charge of the Advanced Inorganic Laboratory. 
From him generations of students learned method and accuracy and the value of skilful 
manipulation. 

Kay was a lover of nature and his vacations were generally spent in the Highlands, 
where he found great happiness in the study of wild life. His skill with the camera was 
notable and he was at one period President of the St. Andrews Amateur Photographic 
Society. 

In 1905 he married Margaret Frazer Plenderleath. The union proved a happy one and 
the sympathy of his colleagues and friends goes out to her in her great bereavement. After 
a very brief illness, Dr. Kay died on the 26th of May and those of us who knew him have 
lost a true friend. 

J. E. M. 





WILLIAM HARRISON MARTINDALE. 
1875—1933. 


THE death of Dr. William Harrison Martindale, which occurred on April 8th, 1933, removed 
from British pharmacy one of its most distinguished representatives, whose work and 
writings had rendered him well known in chemical, medical and pharmaceutical circles. 
He received his scientific training at University College, London, and subsequently in the 
University of Marburg, where he studied under Professor Ernst Schmidt. He graduated 
Ph.D. of this University, his thesis being entitled ‘“‘ Researches on Corydaline.” About 
this time, in 1898, he obtained the “‘ Minor ” and ‘“‘ Major ”’ qualifications of the Pharma- 
ceutical Society. He also served successively as apprentice and assistant to two pharma- 
ceutical firms and on the death of his father, William Martindale, also an eminent pharmacist, 
he became proprietor of the old pharmacy at 10 New Cavendish Street, which had been his 
birthplace in 1875. This establishment, originally founded in 1850 by Messrs. Hopkin and 
Williams, had been in his father’s possession since 1873. He at once enlarged the scope of 
his business by increasing the manufacturing department. Further extensions were 
effected in 1928 and again shortly before his death when he was engaged in negotiations for 
the erection of a new factory, which is now completed. 

Martindale was always keenly anxious to assist in the discovery and utilisation of new 
drugs and at an early stage in their history he worked on organic arsenicals and published 
several contributions on this subject. He also examined the curative possibilities of radium 
and thorium preparations. Together with the late Dr. Lovell Drage and the writer he 
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collaborated in the preparation of numerous chemical substances likely to be of therapeutic 
interest such as the isomeric coumaric acids and their acetyl derivatives, and the copper, 
cerium, and thorium salts of many organic acids. 

Martindale’s chief life work was, however, the compilation and continual revision of the 
“Extra Pharmacopoeia.” The first edition of this well-known book was written by his 
father and Dr. Wynn Westcott in 1883. It has now reached its twentieth edition and since 
Dr. Westcott’s death in 1925 Dr. Martindale has been solely responsible for its compilation. 
In recent years many of his own original observations were recorded in this comprehensive 
epitome of pharmaceutical knowledge. 

Martindale’s strenuous effort to combine the three heavy tasks of research, manufacture 
and authorship were largely responsible for his illness and early death, but his love for 
pharmacy was not to be denied and he never stopped to count the cost. Personally 
Martindale had a remarkably shy and unassuming disposition and in the last ten years he 
had the misfortune to suffer increasingly from deafness. This infirmity and his natural 
modest y explain why he was less prominent in public affairs than his father. Nevertheless 
in 1924 he maintained the family tradition by becoming Mayor of Winchelsea, a civic office 
which carries with it the time-honoured title of a Baron of the Cinque Ports. 

Martindale’s love of old institutions was reflected in his ardent patriotism. In the last 
preface he wrote for the ‘‘ Extra Pharmacopeeia ’’ in 1932, only a few months before his 
death, he pleaded the cause of the British producer and pointed out that it was within the 
power of the Medical Profession ‘‘ to create employment within the Empire literally for 
thousands of men and women where to-day the figure is of the order of tens or at most 
hundreds.” He himself made many attempts, especially during the War, to extend the 
manufacture of pharmaceutical products in this country. His services to British pharmacy 
were many and notable; his name will always connote that which is most admirable in this 
ancient profession. 


He leaves a widow and one son. ; 
G. T. MORGAN. 





JOHN BRYSON ORR. 
"  1840—1933. 


JouN Bryson Orr was born in 1840 in Blantyre, Lanarkshire, where his father was in 
business as a dyer. He was apprenticed to the firm of Lewis, McLellan & Co., Oil and 
Colourmen and Drysalters in Glasgow, and studied Chemistry in that City at the Ander- 
sonian College. 

In 1861, he carried out experiments on mixed zinc and barium pigment and seven years 
later produced the pigment in bulk. Shortly after, he travelled on the Continent in con- 
nection with a colour business, and on the outbreak of the Franco-German war, served as 
an unofficial war correspondent for a Glasgow newspaper. 

Orr returned to Glasgow in 1872 and set up a factory for the manufacture of lithopone. 
In 1880, shortly after this factory had been burnt down, he, with his partner, formed the 
Silica Paint Co. in London, where he manufactured lithopone (sold under the name of 
Charlton White) and the first washable distemper, known as “ Duresco.” In 1896, he 
founded in Widnes the firm of Orr’s Zinc White, Ltd., and in 1930 this business was acquired 
by the Imperial Smelting Corporation, of which Orr remained a director until the time of 
his death. 

Possessed of great mental and bodily vigour, Orr travelled much and interested himself 
in many literary and artistic pursuits. His death on September 23rd, 1933, removed a 
striking personality from the industrial life of Widnes. 

John Bryson Orr was elected a Fellow of the Chemical Society on Detember 15th, 1881. 
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- THOMAS CUNNINGHAM PORTER. 
1860—1933. 


“Never imagine yourself not to be otherwise than what it might appear to others 
that what you were or might have been was not otherwise than what you had been would 
have appeared to them to be otherwise,” might have been, or might not have been, T. C. 
Porter’s comment to the writer of a biographical notice. He liked to quote Lewis Carroll, 
the whimsicalities of Wonderland appealed to him. 

How can the life of a man be set within the bounds of the meaning of a few words, when 
it is still the source of the action of a multitude of living folk ? 

Dr. Porter, of Eton College, was and is an influence. He was a great teacher. It is as 
a teacher that he is first to be remembered: for he devoted his life to inspiring others. 
Even to the very last, ill though he was, he spared none of himself. 

Gifted with remarkable talent, he never allowed himself to specialise in one direction. 
He could certainly have made himself renowned in any direction in which he cared to let 
his talents carry him. He preferred to maintain a wide range of interests, and it is to this 
many-sidedness that his pupils owe much of the inspiration that they gained from him. 
For whether it were in travel, photography, painting, music, geology, meteorology, 
astronomy, those sparks of interest which might be present in his pupils could be inflamed 
to enthusiasm by his influence, let alone in those subjects, physics and chemistry, which it 
was his daily work to teach. As Shane Leslie writes in his delightful Biographical Sketch of 
Porter in the Etonian Review, ‘“‘ Dr. Porter had that rare gift amongst Schoolmasters of 
interesting the uninteresting boy, perhaps for the first time in his life.” 

Thomas Cunningham Porter was born on February 16th, 1860, at Bristol: educated 
at the Grammar School, he gained a scholarship in Natural Science at Exeter College, 
Oxford, in 1878. He took honours in mathematical moderations and finals, and also in 
chemistry. He left Oxford in 1884, being appointed on the staff of Carlisle Grammar 
School. Very shortly after this, at the beginning of the summer “‘ half,’’ 1885, he was called 
to Eton to teach science and mathematics. From this date onwards for 48 years he taught 
at Eton. When Mr. H. G. Madan retired, Porter was given charge of the chemistry labora- 
tory, and here he collected valuable apparatus to demonstrate his teaching, and installed 
electricity at his own expense several years before it was used elsewhere in the school. 
He had water laid on to the roof of the laboratory, so as to keep the building cool in summer. 
On the death of Dr. Hale in 1894, Porter became Senior Science Master. 

For ten years Porter held the position of a house master in the school, but his main 
interest was in the laboratory, and after giving up his house in 1904 he devoted himself 
entirely to his teaching and scientific work. He was a Fellow of the Royal Astronomical 
Society, of the Physical Society, of the Chemical Society, and of the Royal Photographic 
Society. In 1904 he became a Doctor of Science of his old University. 

In 1893 Porter married Helen Henriett Allenby, a sister of Field Marshal Lord Allenby. 
After the house was given up they settled down in Upton Park, Slough. 

Dr. Porter officially retired from his position in 1930, but voluntarily “‘ took school ” 
and continued work to within three days of his death, which occurred on March 31st of 
this year. 

Porter was an originator and co-founder of the Public Schools Science Masters’ 
Association. He was an enthusiastic teacher. His was not the method of the text-book. 
He taught in his own way. It would hardly have been a success apart from his own 
personality. A carefully thought-out course, on the simplest possible basis, was developed 
to include the main principles of the subjects, and illustrated by experiments and side shows. 
The lessons were dictated, and the laws had to be learnt and repeated by the whole division, 
timed by a stop-watch. To those who took the trouble to produce good notes, an invitation 
to a G.B.L. (good boy lecture) was issued, when they had the opportunity of being 
entertained by T.C.P.: he was quite inimitable on these occasions. The lantern and the 
phonograph,—provided with enormous horns, and special sound boxes of his own inven- 
tion,—were the main instruments which his wizardry employed; but his powers of 
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expression, his puckish humour, and his imagination conspired to hold his audience 
spellbound. 

In the laboratory it was again not the text-book of practical chemistry that mattered— 
it was technique. There was one way of boring the cork, and that was the way it should 
be bored. Then there were things that were interesting, like the examination of a rare 
mineral from Norway, often too difficult for a boy to attempt; but much was learnt from 
such abortive exercises, and one felt it all might be very important and new. Porter was 
imbued with the spirit of investigation, and those who had a scientific bent found in him 
an ideal stimulus. This was all the more felt by those specialists who came under his more 
direct tuition, carried out mainly by means of interesting and ingeniously devised problems. 
Porter always kept himself abreast of the latest happenings in science, and thus was able 
not only to excite enthusiasm, but to impart to those who were sympathetic the outlook of 
the scientific man and the importance of this attitude of mind in human affairs. 

Those who were allowed to watch his photographic technique, or to help him in some of 
his original experiments, or were admitted to the sanctum of his private room in the labora- 
tory, amongst his journals, his books, and his own apparatus, not only gained from him a 
delight in science and a right outlook, but found they possessed a friend, whose affection 
lasted in their hearts. Who could not but admire, and find many interests in common with 
a man of so many parts, an adventurous traveller, a clever photographer, a capable painter, 
a competent organist, one who had knowledge of the stars, of the forces of nature, of the 
elements, and indeed of the classics? No wonder he could be a stimulus. It was perhaps 
Porter’s versatility that kept him a bit aloof from some of his colleagues : he had not much 
patience for the common-a-day outlook, for petty affairs, for the business of life, for things 
that solicitors, politicians and old ladies bother about. Too eccentric for some, and some 
too absurdly “ circular and bounded ” for him, he went his own way, looking out upon the 
world at large with a round red face, and a smile full of self-confidence and almost mis- 
chievous humour. His companionship was full of delight. 

This excess of talents and interests, the equipment for his success as a teacher, also 
explains to a great extent why his enquiring, philosophic, whimsical, and even artistic turn 
of mind did not lead him to become a specialist in some branch of natural philosophy. 

His investigations are scattered over a wide field of subjects. Nevertheless they are 
marked by originality, and often led to important conclusions. There were investigations 
of the phenomenon of “ flicker,” of ebullition, of crystals and magnetism, of X-rays, of 
stereoscopy, and of fluorescence ; adventures in meteorology and observational astronomy. 

Porter’s studies on the phenomenon of flicker, published in three papers in the Proceed- 
ings of the Royal Society (1898, 1902, 1912), were his most serious written contributions to 
science, and these papers contain a wealth of observations carried out with meticulous care 
and with great ingenuity. He determined the relative retinal stimulation by light of 
different colours, and the time during which that stimulation lasted undiminished, which 
is shorter for yellow light than for any other colour. The speed with which the black and 
white sectored disc must be driven in order that flicker may just vanish was found to vary 
with the logarithm of the illumination; this came to be known as Porter’s law. The 
investigations led to further original work on the effect of unequal duration of stimulus. 

Another investigation of importance was one carried out in the early days of X-rays : 
Porter first noticed the non-homogeneity of X-rays (Nature, June, 1896). By heating the 
focus tube, less penetrating rays were obtained. By the use of a Wimshurst machine and 
spark gaps, the penetrating power could be controlled. It had been suggested that the 
difference in penetrating power was due to difference of electric charge on particles, but by 
raising plates of aluminium to a high potential, Porter showed that no difference in pene- 
tration resulted, and that it was probable that his X,, X,, and X, rays were not essentially 
different, but were more likely related “‘ as red is to violet.” 

Porter’s investigations bore a physical more than a chemical aspect : papers on Newton’s 
rings, and on the use of flames for enhancing the intensity of sound, are amongst those to 
be found in the Philosophical Magazine. Nevertheless, chemical matters were often 
occupying his interest in the laboratory, and he read two papers before the Chemical Society, 
one on the vaporisation of sulphur, and the other on blue fluorescent substances produced 
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by the action of alkaline sulphites on p-benzoquinone and quinhydrone. Another paper, 
published in the Proceedings of the Royal Society, described “‘ Experiments in Magnetism.” 
This contains an account of the electro-deposition of iron on platinum in a strong magnetic 
field, whereby the film of deposited metal becomes permanently magnetised. 

But perhaps Porter’s powers are appreciated most readily from his two papers on the 
results of eclipse expeditions. The communication entitled “A Private Expedition to 
Philippeville, Algeria, 30th August, 1905” (Proc. Roy. Soc., 1907, 79, 296) shows his 
remarkable competence in this other field. And here again it is his observational acuteness 
that one admires. | 

Porter had a real love of nature; gifted from his earliest years with remarkable talent 
for painting, he used those powers to record natural scenery with great fidelity. He painted 
as a scientist recording an observed fact, the personality of the observer being eliminated. 
The excellence of his technique, both in oils and in water-colour, and its significance in relation 
to a specific purpose provide quite a definite artistic merit to his paintings. 

Porter travelled widely so far as the length of the Eton holidays allowed; the Peak of 
Teneriffe was a favourite resort. This provided material for studies on dust in the air, 
and its significance in relation to sunset and sunrise effects. But Corsica, in days when it 
was less tamed, the Cape Verde Islands, the Azores, and Norway were also favourite haunts. 
He went further afield too, to Brazil, and to the United States. His interesting ‘‘ Impres- 
sions of America ”’ were published in 1899 in book form, illustrated with stereoscopic photo- 
graphs. A tough constitution and much self-confidence carried him through many exciting 
adventures on mountain and road—for he was terrific with a bicycle. These journeys pro- 
vided material for his masterpieces as a photographer, and both boys and masters reaped 
the advantage. These exquisite photographs were cast on the screen at those G.B.L. and 
G.M.L.’s (good boy or good master lectures), to which reference has already been made. 

T. C. Porter was a remarkable man, but he was more than that, he was an influence that 
resides deep within those he taught; in other words he excited not only admiration, but 


affection. 
A. C. G. E. 





JOHN WATTS. 
1843—1933. 


THE death on February 9th, 1933, of John Watts, for sixty years associated with Oxford 
Chemistry, removes one of the last links with the chemists of the mid-Victorian epoch. 
He came of an old Rochester family, extending back to the days of Queen Elizabeth, and 
appears to have been practically the last survivor. Originally a London University man— 
matriculating in 1865, Senior Bell Scholar, Pharmaceutical Society 1866, B.Sc. 1867, 
and D.Sc. 1870—he was personally acquainted with Faraday, who died in 1867, and acted 
for three years as Professor Odling’s assistant at the Royal Institution. When the latter 
became Waynflete Professor of Chemistry at Oxford in 1872, Watts, after a short space 
under Crum Brown at Edinburgh, rejoined him as his assistant and remained continuously 
in Oxford till his death. He joined Balliol College, and graduated in 1876 with First 
Class Honours in Chemistry, but Merton College became his permanent home. 

Sir Herbert Warren, the late President of Magdalen and his friend and contemporary 
at Balliol, described him as, in his youth, unusually vivacious and brilliant. But an early 
disappointment seems to have much changed him and he mellowed into the very suc- 
cessful tutor of chemistry, affectionately referred to by his pupils as “ Johnny,” always 
courteous and helpful, but with few very intimate friends. He died at the age of 89, after 
a very gradual decline, in the rooms he had occupied at Merton for over fifty years, where 
he had taught an unusually large number of chemists, destined in one capacity or another 
to achieve prominence. J. E. Marsh, who, although not one of his pupils, was intimately 
associated with him as a colleague in the Chemistry Department under Odling’s regime 
for nearly forty years, mentions especially the following, though no doubt there are also 
many others of distinction : 
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1882. B. P. Lascelles, Science Master at Harrow, and known when an undergraduate 
as the Magdalen Giant. 

1883. C. J. Baker, Science Master at Shrewsbury, brother of H. B. Baker. 

1884. G. W. S. Howson, Headmaster of Holt School, Norfolk. 

1888. Sir H. A. Colefax, K.C., Barrister-at-law. 

1889. H. H. Cousins, Government Chemist, Jamaica. 

1892. J. Addyman Gardner, Reader in Physiological Chemistry, London University. 

1894. G. W. Hedley, Science Master at Cheltenham. 

1896. Sir Harold H. C. Carpenter, Prof. of Metallurgy, Imperial College, London. 

1898. F. Soddy, Dr. Lee’s Professor of Chemistry, Oxford. 

1902. T. S. Moore, Secretary of the Chemical Society. 

1903. B. Lambert, Aldrichian Praelector of Chemistry, Oxford. 

1905. C. S. Gibson, Vice-President of the Chemical Society. 


Watts lived through a period of great changes and none more so than in Chemistry, 
for the University Department was at first practically a single room, the octagonal Glaston- 
bury Kitchen, of which there is a replica at Glasgow, then in its original cathedral-like 
proportions. He continued teaching quantitative analysis there after the main depart- 
ment was built and, again, after the floor was raised to allow access below to the new 
Science Library. Even so, however, the windows in the roof and the roof lantern were 
inaccessible except to a steeple-jack : they were not cleaned for 30 years. He was ejected 
from his haunt again when the whole place recently had to be internally gutted and re- 
constructed. Though a new bench was reserved there for his use, and he visited the 
Department daily, he hardly took root again and plainly preferred it all as it once had 
been. 

His experimental work was chiefly in analysis, his first paper, which appeared in the 
Journal for 1866 when he was still a student, being on the strength of phosphoric acid 
solution of various densities, and later he became recognised as an expert in the chemistry 
of tanning and in the estimation of tannic acid. He lectured usually on organic chemistry. 
However, it is chiefly in the field of tuition that he excelled, and his successes there have 
remained somewhat of a mystery to a later and possibly harder-working generation. 
There is no doubt that they flowed as much from his power of selecting likely winners in 
the scholarship examinations as from any unusual faculty in teaching. At the same time 
he understood what so many teachers never seem to understand, that the able cannot be 
taught without being levelled down. They must teach themselves, or at most they can 
only be taught how to learn. Watts would teach you if nothing better offered but much 
preferred you should try to teach him, and though with the great majority of teachers 
and taught the method might be disappointing in results, the hermit in him, dealing with 
enthusiasts he had selected through the scholarship system, kept the relationship within 
the confines of the subject. In 1898, the year the writer took the Honours School of 
Chemistry, all of the First Classes were his pupils. His memorial stone in Holywell 
Cemetery, might well, though it does not, bear as inscriptio 


“ He had to perfection the high secret of the profession, that teaching is the last resort 


as between fools.” 
F. S. 
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Acetylmalic anhydride, rotatory dispersion of, 791. 
ty (natalie azlactone of, 
3. 
Acid, C,,H,.0,, and its methyl ester, from reduction 
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CyH,,0,, and its methyl ester, from reduction of 
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Acids, influence of iodine on decomposition of, 1147. 
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organic acid salts of, 1016. 
complex, physical chemistry of, 419, 512. 
fatty, and their esters, dipole moments of, 1569. 
olefinic, 557, 561, 568, 577, 580. 
4s. and AB. olefinic, preparation and determination 
of nitriles of, 612. 
organic, dissociation constants of, 1637. 
unsaturated, behaviour of surface films of, 338. 
addition of hydrogen bromide to, 568. 
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Acids, 4Y-unsaturated, formation of lactones from, 
580. 
weak, complex formation with, 5, 1543. 
Acridone, 1:4-dibromo-, 1:4-dichloro-, and 4-chloro-1- 
nitro-, 1372. 
Acridones, substituted, reactivity of groups in, 1372. 
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o-Acyloxyacetophenones, molecular rearrangement of, 
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Address, presidential, 463. 
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Adipanilide-p-arsonic acid, and its sodium salt, 93. 
Adipanilide-pp’-diarsonic acid, and its disodium salt, 
93. 


naan acid, and its sodium 

salt, 92 

2 < pinata acid, and its sodium 
salt, 92. 

ea acid, and its sodium 
salt, 92. 

Adipanilo-n-propylamide-p-arsonic 
sodium salt, 92. 
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Alcohols, reactions of, with selenium dioxide, 391. 
aliphatic, free energy of, in aqueous solution, 674. 

electrostriction produced by salts in, 933. 
n-aliphatic Senp-ehaiie, 235. 
identification of, in dilute aqueous solution, 216. 
Aldehydes, aromatic, reaction of, with 2-picoline, 77. 
chloro-substituted, reactions of, with chloro- 
substituted arylhydrazines, 1488. 
2-Aldehydo-5-methoxyphenoxyacetic acid, ethyl ester, 
and its derivatives, 491. 

2-Aldehydophenoxyacetic acid, ethyl ester, 492. 

Aldoximes, configurations of, from electric dipole 
moments, 63. 

a- and f-Aldoximes, constitution of acetyl derivatives 
of, 1037. 

Aliphatic compounds, higher, 346, 635, 1348. 

Alizarin {-cellobioside and _hepta-acetyl-B-pri- 
meveroside £-gentiobioside, 1168. 

Alizarin, 3-bromo-, and its methyl ethers, and 4- 
bromo-l-hydroxy-, 1-benzoyl derivative, methyl 
ether, 1517, 1520. 

Alkaline-earth chlorides, equilibria of, with mercuric 
chloride and water, 151. 

Alkaloids, cuprichlorides of, 996. 

See also Cinchona and Lupin alkaloids. 

Alkoxides, quaternary ammonium, decomposition of, 

68 


acid, and_ its 


Alkyl halides, kinetics of reactions of, in hydroxylic 
solvents, 1576. 
action of, with potassium hydroxide in ethyl 
alcohol, 258. 
nitrates and nitrites, dipole moments of, 1252. 
Alkylanilines, preparation of, 946. 
hydrolysis of, 1070. 
Allyl alcohol, reaction of, with iodine, 1323. 
Allylacetic acid, preparation of, 582. 
Altrose, derivatives of, 1076. 
Amalgams. See Mercury alloys. 
f8-Amino-ketones, 839. 

















a-Amino-nitriles, reduction of, 347. 
Amines, tertiary, action of, with triphenylmethyl 
halides, 75. 
Ammines, 517, 520. 
Amminodipyridinoplatinous salts, chloro-, and a- 
hydroxylamino-, 1058. 
Amminohydroxyplatinicdisulphamide, salts of, 418. 
Amminopyridinoplatinous chloride, a-dihydroxy]l- 
amino-, 1060. 
f-Amminotrimethylenediaminoplatinous salts, 1340. 
Ammonia, activity of, in ammonium chloride solu- 
tions, 1435. 
action of, on solutions of mercuric salts, 1045. 
Ammonium nitrate, equilibrium of, with lead and 
potassium nitrates, 799. 
cobalt phosphate, 858. 
magnesium phosphate, 854. 
sulphate, equilibria of, with cobalt and nickel 
sulphates and water, 943. 
Ammonium organic compounds, quaternary, thermal 
decomposition of, 526. 
elimination of olefines from, 523. 
containing benzhydryl, benzyl and methyl 
groups, decomposition of, 69. 
containing the tert.- butylcarbiny] group, 67. 
d-Amyl alcohol, optical rotation of, and its deriv- 
atives, 376. 
tert.-Amylaniline, and its hydrochloride, 949. 
isoAmylbenzene, 2:6-dihydroxy-. See Tetrahydro- 
tubanol. 
p-n-Amylglutaric acid, and its derivatives, 961, 962. 
B-Amyrene, 1346. 
f-Amyrin, and its derivatives, 1345. 
Anagyramide, and its derivatives, 507. 
Anagyramine, and nitroso-, 508. 
Anagyrine, and its perchlorate, and dibromo-, 507. 
Anagyris foetida, alkaloids of, 504. 
Analysis, qualitative, of metals of the iron group in 
presence of phosphate, 253. 
Anhydro-d-camphorsulphonylacetone, 308. 
a-Anhydrotartaric acid, ethyl ’f’f’-trichloro-a’- 
hydroxyethyl ester, 796. 
Aniline, conductivity of mixtures of, with phenol, 
1032. 
action of, with benzoyl chloride, in carbon tetra- 
chloride and hexane solutions, 1351. 
Aniline, 2:4:6-trichloro-, and its derivatives, 142. 
2-Anilino-2’-aminodiphenyl, 2-o-nitro-, and its di- 
acetyl derivative, 1522. 
B-Anilinoisobutyl methyl ketone, nitroso-, 366. 
2-Anilino-6-ethoxylepidine, 1032. 
a ~  aeaeeeataaaee nitrophenylhydrazones 
of, 479. 
2-Anilinolepidine, derivatives of, 1031. 
2-Anilino-6-methoxylepidine, 1032. 
2-Anilinophenyl methyl sulphoxide, 2-p-chloro-o- 
nitro-, and 2-o-nitro-, acetyl derivative, 1493. 
2-o-nitro-, 1492. 
9-p-Anilinophenylcarbazole, o-amino-, and o-nitro-, 
and their acetyl derivatives, 1524. 
w-Anilinophenylglyoxal, bromophenylhydrazones of, 
481. 


2-Anilinophenylmethylsulphone, 2-p-chloro-o-nitro-, 
1493. 


2-o-nitro-, 1492. 
8-Anilinopropionic acid, toluene-p-sulphonyl deriv- 
ative, action of phosphory] chloride on, 618. 
Anionotropy in cyclic systems, 720. 
2-Anisidino-6-ethoxylepidines, 1032. 
2-Anisidinolepidines, 1032. 
2-Anisidino-6-methoxylepidines, 1032. 
Anisil, Reformatsky reaction with, 827. 
Anisole, tribromo-and tribromonitro-derivatives, 1054. 
4-chloro-3:5-dinitro-, 827. 
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Anisoles, nitro-, dipole moments of, 1257. 
p-Anisyl f-chloro- and £-hydroxy-ethyl sulphides, 
47 


Anisylmethyl p-toluenesulphonamide, 278. 
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Antimalarials, 1467. 

Anthocyanidins, synthesis of, 370. 

Anthoxanthins, 268, 368, 610. 

Anthracene, equilibrium of, with phenanthrene, 650. 

Anthranilic acid, condensation of, with 4-chloro- 
quinaldine and with 2-chlorolepidine, 390. 

Anthraquinone, 5- and 8-chloro-l-amino-, and their 
l1-acetyl derivatives, 448. 

Anthraquinones, hydroxy-, reduction products of, 
1512. 

Anthraquinone-1-carboxylic acids, chloro-, and their 
derivatives, 448, 449. 

a agen at eas acid, dimethyl ester, 

595. 

Anthraquinonetetracarboxylic 
esters, 1595. 

~~ jcrcrecammeess acids, trimethyl esters, 

595. 


acids, tetramethyl 


Antimony, determination of, potentiometrically, 1. 
d-Arabotrimethoxyglutaric acid, amide and methyl 
ester, 641. 
Aromatic compounds, rearrangements of, 984. 
influence of nuclear halogens on side-chain activity 
in, 1112. 
volume effects of alkyl groups in, 977, 980. 
containing two or more phenyl groups, substitution 
in, 968. 
p-Arsanilic acid. See Phenylarsinic acid, p-amino-. 
Arsenic compounds, asymmetric, 1634. 
Arsenicals, optically active, 1634. 
Arsenobenzene-V N’-dimethylenesulphurous acid, 
3:3’-diamino-4:4’-dihydroxy-, sodium salt, 1011. 
p-Arsinoadipanilic acid, p-dichloro-, 92. 
Arsinomethylmalonanilic acid, p-dichloro-, 1066. 
— acids of the fluorenone and fluorenol series, 
454. 
p-Arsonoadipanilic acid, and its esters, 92. 
p-Arsonobenzylidenemalonic acid, 352. 
a acid, and its derivatives, 


p-Arsonosuccinanilic acid, 93. 
f-Arylaminocrotonic acids, arylamides of, 1262. 
Arylazobenzoylacetones, action of bromine on, 480. 
Arylhydrazines, chloro-substituted, reactions of, with 
chloro-substituted aldehydes, 1488. 
Ascorbic acid, constitution of, and its salts and 
derivatives, 1270. 
rotatory dispersion of, 1444, 1564. 
d- and /-Ascorbic acids, synthesis of, 1419. 
Aspidinol, and its diacetate, 819. 
Atisine, and its perchiorate, 740. 
Atomic weight of carbon, 845. 
Atomic weights, report of Committee on, 354. 
tables of, 203, 361. 
Atranorin, and its derivatives, 130. 
Azides, organic, dipole moments and structure of, 406. 
1:1’-Azonaphthalene, reduction of, 133. 
1:1’-Azoxynaphthalene, reduction of, 133. 
2:2’-Azoxytoluene, 3:3’-dinitro-, 501. 


Balance sheets. See Annual General Meeting, 451. 
Barium azide, thermal decomposition of, 1397, 1400. 
nitrate, solubility of, in water, 501. 
equilibrium of, with calcium and potassium 
nitrates, 236. 
Base, C,H,N,Cl, from methylglyoxal and formalin, 665, 
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Batyl alcohol, constitution of, 165. 
Beckmann rearrangement, 806. 
Benzaldazine, 3:5:3':5’-tetranitro-, 315. 
Benzaldehyde phenylhydrazone, dipole moment of, 
1255. - 
Benzaldehyde, 3:5-dinitro-, and its derivatives, 315. 
Benzaldehyde-p-arsenious oxide, 352. 
Benzaldehyde-p-dichloroarsine, 352. 
Benzaldoxime, p-nitro-, O-methyl ethers of, 65. 
1:2-Benzanthracene from tar, 398. 
synthesis of, 1012. 
derivatives, orientation of, 1592. 
acetyl derivatives, 1408. 
7-(1:2-Benz)anthranyldimethylearbinol, 1410. 
1:2-Benzanthraquinone, acetyl derivatives, 1409. 
Benzanthrone, chloro-derivatives, constitution of, 444. 
Benzdioxin, 8-bromo-6-nitro-, 6-chloro-, 8-chloro-6- 
nitro-, and 6-iodo-, 700. 
Benzene nucleus, formation of rings attached to the 
m-position in, 1586. 
vapour pressure and refractivity of mixtures of, 
with benzyl alcohol, p-dichlorobenzene, nitro- 
benzene and phenol, 1413. 
and chloro-, and nitro-, dielectric constants of, 773. 
emulsions containing, 1214. 
Benzene, nitro-, f.p. of solutions of, in benzene and 
cyclohexane, 281. 
viscosity of, 118. 
nitration of, 113. 
nitro- and n-dinitro-, equilibria between, 669. 
Benzeneazoacetic acid, 2-mono- and 2:6-di-bromo-4- 
nitro-, and nitro-, ethyl esters, 476. 
Benzeneazoacetoacetic acid, mono- and di-chloro- 
nitro-, and p-nitro-, ethyl esters, 1145. 
nitro-, esters, action of bromine on, 475. 
action of chlorine on, 1143. 
Benzeneazobenzoylacetone, and 2:4-di- and 2:4:6-iri- 
bromo-, and their acetyl derivatives, 480. 
Benzeneazobenzoylacetones, nitro-, action of halogens 
on, 1624. 
o- and p-nitro-, 1625. 
Benzeneazo-p-bromoacetoacetic acid, 2-mono- and 
2:6-di-bromo-4-nitro-, and nitro-, ethyl esters, 
477. 
mono- and di-chloronitro-, ethyl esters, 1146. 
Benzeneazo-yy-dibromoacetoacetic acid, 2-mono- and 
2:6-di-bromo-4-nitro-, and nitro-, ethyl esters, 478. 
Benzeneazo-y-chloroacetoacetic acid, mono- and di- 
chloronitro-, and nitro-, ethyl esters, 1146. 
Benzeneazo-fy-dichloro-4*-butylene, 2:5-dichloro-, 
1489. 
Benzeneazo-ff-dichloroethylene, 1490. 
Benzenesulphonic acid, m-nitro-, mono- and di-nitro- 
naphthyl esters, 287. 
Benzenesulphon-nitrotoluidides, 1290. 
8:9-Benz-4***-homogranatene, derivatives of, 553. 
y-8:9-Benz-4***-homogranaten-3-ol, and its benzoyl 
derivative, and its salts, 555. 
8:9-Benz-4**-homogranaten-3-one, and its salts, 554. 
4:5-Benzhydrindene, 1111. 
4:5-Benz-3-hydrindone, 1111. 
Benzhydrylamine, p-chloro-, and its salts, 1504. 
Benzhydrylbenzyldimethylammonium salts, 74. 
Benzhydryldibenzylamine, and its salts, 75. 
Benzhydryldimethylamine, and its picrate, 73. 
Benzhydryldimethylammonium bromide, 75. 
Benzhydryldimethylethylammonium salts, 73. 
Benzhydrylidenebenzhydrylamine, 1502. 
Benzhydrylidene-a-phenylethylamine, p-chloro-, 1502. 
Benzidine, 3-bromo-2’-nitro-, 1590. 
Benzidine conversion, 984. 
a- and £-Benzilmonoximes, quantitative analysis of 
mixtures of, 1439. 
Benz-2:4:6-trinitro-m-tolylanilide, 811. 





TERRE ie teens ide, p-chloro-, 
Benzo-ffy-iribromo-a-hydroxybutylamide, 995. 
Benzo-f-chloro-8y-dibromo-a-hydroxybutylamide, 995. 
Benzo-£y-dichloro-£-bromo-a-hydroxybutylamide, 995. 
4:5-Benzohydrindene, 1085. 

Benzoic acid, dissociation constant of, 734. 

Benzoic acid, 3-amino-, 5-amidosulphony] derivative, 
3-nitro-, 5-amidosulphonyl derivative, and its 
amide and 5-chlorosulphonyl! derivative, and its 
chloride, 1373. 

o-bromo-, o-bromopheny] ester, 1402. 
p-mono- and 3:5-di-nitro-, a-ethylcroty] esters, 1498. 
menthy] esters, 172. 

Benzonaphthaspiropyrans, colour of, 430. 

Benzonitrile, dielectric constant of, 773. 

Benzophenone, thio-, dipole moment of, 90. 

Benzophenoneoxime, benzoyl, o-nitrobenzoyl, and 

2:4:6-trinitro-m-tolyl esters, and p-chloro-, picry! 
ethers, 809. 
Benzophenoneoximes, p-nitro-,0-methy] ethers of, 65. 
a-Benzopyrones, production of, 1263. 
Benzoyl chloride, action of, with aniline in carbon 
tetrachloride and hexane solutions, 1351. 

ee condensation of, with salicylaldehyde, 
beryllium compound, 1346. 

3-Benzoyl-1-(2’:4’-di- and 2’:4’:6’-tri-bromopheny])- 
pyrazoles, 5-bromo-4-hydroxy- and 4-hydroxy-, 
and their acetyl derivatives, 482. 

e-Benzoylhexoic acid, 5-bromo- and _ 65-chloro-2- 
hydroxy-, and o-hydroxy-, 234. 

2-Benzoyl-1-hydrindone, 612. 

3-Benzoyl-1-nitrophenylpyrazoles,5-bromo-4-hydroxy-, 
5-chloro-4-hydroxy-, and 4-hydroxy-, 1626. 

1s - :trh ate §:5-dichloro-, 


7-Benzoyloxy-3-benzoylflavone, 1388. 

7-Benzoyloxyflavone, 1385. 

Benzoylphenacylearbinol, and its acetate, 625. 

8-Benzoylvaleric acid, 5-chloro-2-hydroxy-, 1588. 

Benz-N-picrylanilide, p-chloro-, 810. 

Benz-J-picryl-p-chloroanilide, and p-chloro-, 810. 

1:2-Benzpyrene, and nitro-, 403. 

4:5-Benzpyrene, and its picrate, 405. 

Benzpyrenes, ¢.nd their picrates, 397. 

1:2-Benzpyrenequinone, 403. 

tsoBenzpyryliim ferrichloride, 555. 

9-p-1":2’’:3”’-Benztriazolylphenylcarbazole, 1524. 

Benzyl alcohol, vapour pressure and refractivity of 
mixtures of, with benzene, 1413. 

Benzyl hyponitrite, dielectric polarisation of benzene 
solutions of, 309. 

B-Benzylaminoisobutyl methyl ketone, hydrochloride 
of, and nitroso-, 366 

a Olesen, bromide, 

2-Benzylchromone, 1461. 

Benzyldiallylamine, 66. 

Benzyldimethylethylarsonium picrate, 100. 

—— 4}1-cyclohexenyl ketone, and its semicarbazone, 

Benzylideneacetone, B-amino-ketones and pyrazolines 
from, 839. 

Benzylideneaniline, 3’:5’-dinitro-, 315. 

a-Benzylidene-f-3:4-dimethoxybenzoylpropionic acid, 
a-2-nitro-, and its lactone, 1088. 

Benzylideneharman, 615. 

4:6-Benzylidenemethylglucosides, 696. 

4:6-Benzylidene a-methylglucoside, 2:3-di-p-nitro- 
benzoyl derivative, 1079. 

Benzylidene-a-phenylethylamine, 1502. 

ee acid, esters, rotatory dispersion 
of, 4 
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Benzylidene-p-toluidine, 3’:5’-dinitro-, 315. 
Benzylmethylamine picrate, 349. 
3-Benzyl-2-methylchromone, 7-hydroxy-, 1462. 
10-Benzyl-2-mothyl-5:10-dihydrophenarsazine, 1636. 
10-Benzyl-2-methyl-10-»-propyl-5:10-dihydrophen- 
arsazonium salts, 1636. 
6-Benzyloxy-2:3-dimethoxyacetophenone, 1623. 
6-Benzyloxy-7-methoxy-1-(3’-benzoyloxy-4’-methoxy- 
benzyl)-3:4-dihydroisoquinoline, and its derivatives, 
280 


6-Benzyloxy-7-methoxy-1-(3’-benzyloxy-4’-methoxy- 
benzyl)-2-methyl-1:2:3:4-tetrahydrosoquinoline, 281. 
Benzyltriethylarsonium salts, 100. 
Benzyltrimethylammonium hydroxide, and its salts, 
72. 
Benzyltrimethylarsonium picrate, 99. 
Beryllium organic compounds :— 
Beryllium benzoylacetonate, 1546. 
Betanin, and related anthocyanins, 25. 
Bile acids, structure of, and sterols, 626. 
action of selenium dioxide on, 387. 
compounds related to, 811, 815, 1098. 
Bindschedler’s-green iodide hydriodide, 253. 
Biscamphor-10-mercury, 825. 
Bis-p-carbethoxypheny! disulphide, 1507. 
7:7’-Bis-(5-chloro-2-methoxyphenylthio)stilbene, 1529. 
Bis-(888-trichloro-a-N ’-nitrophenylcarbamidoethy]) 
ethers, and their acetyl derivatives, 31. 
Bis-(888-trichloro-a-N’-tolylearbamidoethyl) ethers, 
and their derivatives, 31. 
Bisdecalone, 1480. 
4: ee -acetoxydiphenylphthalide, 
4:4’-Bisdiethylamino-2’-acetoxy-2’’-ethoxydiphenyl- 
phthalide, 1268. 
4’:4”-Bisdiethylamino-2’-acetoxy-2’’-methoxydiphenyl- 
phthalide, 1268. 
4:4’-Bisdiethylamino-2:2’-dimethoxytriphenylearbinol, 
preparation of, 1269. 
4: ‘4 Bisdiethylamino-2: :2’-dimethoxytriphenylmethane, 
10:10’-Bis-5:10-dihydrophenarsazinyl, action of penta- 
methylene dibromide on, 1637. 
2:2’-Bisdimethylaminodiphenyl hydriodide and chloro- 
platinate, 139. 
Bisethylenediaminoplatinous chloride, crystal struc- 
ture of, 1092. 
Bisethylsulphonylethylthiomethane, 308. 
— ’-Bismethylenedioxy-2-phenylnaphthalene, 
Bis-2-o-nitrophenylaminophenyl disulphide, 1493. 
Bisnitroso-compounds, aromatic, 671. 
aa’-Bisphenylsulphonylpropane, 309. 
aa’-Bisphenylthiopropane, 309. 
l-n- and n-iso-Borneols, depression of melting points 
of, by various substances, 93. 
Boromalic acid, salts, rotatory dispersion of, 951. 
Boron organic compounds, 556. 
Borotartaric acid, salts, rotatory dispersion of, 951. 
Brucine, 486. 
n-Butaldehyde, B-bromo-, trimeride of, 818. 
aaB-tribromo-, a-chloro-af-dibromo-, and af-di- 
chloro-2-bromo-, 994. 
aaBB-tetrachloro-, 2:5-dichloro-N-acetylphenylhy- 
drazone, 1489. 
Butane, ignition of mixtures of, with air, 1240. 
cycloButane-1:2-dicarboxylic acid, 1:2-dibromo-, ethyl 
ester, 1632. 
n-Butane-aayyd-pentacarboxylic acid, ethyl ester, 814. 
a acid, 3-hydroxy-, 
n-Butanetricarboxylic acid, methyl] ester, 818. 
Butan-2-one, 3-chloro-, and its semicarbazone, 717. 
4}-cycloButene-1:2-dicarboxylic acid, ethyl ester, 1632. 
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A+. and 4-n-Butenoic acids, lactones from, 577. 

m-n-Butoxyaniline, 661. 

3-n-Butoxydimethylaniline, and 4-nitroso-, 661. 

3-n-Butoxyphenols, nitro-, and nitroso-, 661. 

n-Butyl alcohol, partial vapour pressure of, in aqueous 
solutions, 674. 

n-Butyl hyponitrite, parachor of, 309. 

d-n-Butyl a-phenylethyl ether, 178. 

—— preparation and derivatives of, 


tert.-Butylcarbinyldimethylamine, and its salts, 68. 

tert.-Butylcarbinyltrimethylammonium iodide, 68. 

Butylene, ignition of mixtures of, with air, 1240. 

Butylurea, fy-tribromo-a-hydroxy-, f-chloro-By- 
dibromo-a-hydroxy-, and fy-dichloro-8-bromo-a- 
hydroxy-, 995. 

Butyric acid, a-chloro-af-dibromo-, 994. 

tsoButyric acid, B-chloro-a- -hydroxy-, synthesis of, 803. 


C. 


Cadalene, synthesis of, 22. 
Ceesium organic compounds :— 
Cesium di-4-isonitroso-1-phenyl-3-methyl-5- 
pyrazolone, 842. 
Calcium carbonate, equilibrium of, with sodium 
carbonate and water, 1160. 
nitrate, equilibrium of, with barium and potassium 
nitrates, 236. 
oxide, equilibrium of, with magnesium chloride 
and water, 701. 
sulphate, hydrates of, 638. 
Camphor, mercury derivatives of, 823. 
Camphor, 10-bromo-, 10-iodo-, and their oximes, 
and 10-thiol-, 825. 
d-Camphoroxime, depression of the melting point of, 
by various substances, 93. 
1. eaten acid, a-bromo-,/-menthy] ester, 
Camphor-10-sulphonic acid, /-neomenthy] esters, 169. 
Camphor-10-sulphonic acids, d-isomenthy] esters, 173. 
— production of, by hydrocarbon from coal tar, 
Cannabinol, structure of, 1400. 
Cannabis indica, resin from, 1400. 
7-Carbamido-9-fluorenol-2-arsonic acid, and its sodium 
salt, 1457. 
7-Carbamylmethoxyfluorenone-2-arsonic acid, sodium 
salt, 1456. 
9-O-Carbamylmethylfluorenol-7-glycineamide-2- 
arsonic acid, and its disodium salt, 1457. 
Carbanilide, and thio-, dipole moments of, 90. 
3-Carbethoxy-1-(2’-chloro-4’ -nitrophenyl)pyrazole, 4. 
hydroxy-, 1146. 
3-Carbethoxy-1-(2’:6’-dichloro-4’-nitrophenyl)pyrazole, 
4-hydroxy-, 1146. 
3-Carbethoxy-1-(2’-chloro-4’-nitrophenyl)-4-pyrazolone, 
5:5-dichloro-, 1391. 
3-Carbethoxy-4:5-diketo-1-p-nitrophenylpyrazolone 
hydrate, 1393. 
3-Carbethoxy-4*-cyclohexeneoxalic acid, and its ethyl 
esters, 1631. 
3-Carbethoxy-4-hydroxy-1-(2’-chloro-4’-nitrophenyl)- 
pyrazole, 5-chloro-, 1 
o-Darbethny-4-bydroxy-1-(9': 6’-dichloro-4’-nitro- 
phenyl)pyrazole, 5-chloro-, 1392. 
3-Carbethoxy-4-hydroxy-1-nitrophenylpyrazoles, 4- 
chloro-, 1391. 
3-Carbethoxy-4-keto’sooxazolone 
hydrazone, 1392. 
3-Carbethoxy-1-(nitrophenyl)pyrazoles, 5-bromo-, 5- 
bromo-4-hydroxy- and 4-hydroxy-, and their 
derivatives, 479. 


4-p-nitrophenyl- 
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ee en eee, 

3-Carbethoxy-1-nitrophenyl-4-pyrazolones, 5:5-di- 
chloro-, 1391. 

p-Carbethoxyphenylsulphonylacetone, and its sodium 
salt, 1508. 

a-p-Carbethoxyphenylsulphonyl-a-benzylacetone, 1508. 

— methyl ketone, 


ao nn 
me, 


p-Carbethoxyphenylthioacetone, 1507. 

Carbethoxysalicylaldehyde diphenylacetal, 498. 

Carbohydrates, optical rotatory dispersion of, 1564. 

ee acid, and its derivatives, 
4 


5-Carbomethoxyvaleryl chloride, 91. 
Carbon, atomic weight of, 846. 
Carbon monoxide, density of, and of oxygen, 846. 
flame phenomena of, 972. 
velocity of detonation of mixtures of, with 
oxygen, 59. 
action of, with nitric oxide, 56 
dioxide, compressibility of, 621. 
Carbonyl compounds, prototropy in, 217, 220, 890. 
sulphide, oxidation of, 145, 208. 
1-o-Carboxybenzylpyrene, 403. 
cis- and trans-dl-3-Carboxy-1:1-dimethylcyclopropane- 
2-propionic acids, resolution of, 1223. 
2-Carboxycyclohexanone-2-f-propionic cid, ethyl 
ester, 1015. 
Carboxyl groups, orienting influence of, in olefinic 
compounds, 800. 
a-Carboxymethoxypropionyl chloride, 1066. 
2-o-Carboxyphenylaminolepidine, and its hydrochloride, 
391. 


4-o-Carboxyphenylaminoquinaldine, 391. 
a-p-Carboxyphenylsulphonyl-a-methylsulphonylethane, 
and its salts, 1510. 
a-p-Carboxyphenylsulphonyl-a-methylthioethane, 1510. 
a-p-Carboxyphenylsulphonyl-8-phenylethane, and its 
ethyl ester, 1508. 
p-Carboxyphenylsulphonyl-p-tolylsulphonylbenzyl- 
methane, and its salts and ethyl ester, 1508. 
a-p-Carboxyphenylsulphonyl-a-p-tolylsulphonylethane, 
and its ethyl ester, 1510. 
p-Carboxyphenylsulphonyl-p-tolylsulphonylmethane, 
and its ethyl ester, 1508. 
p-Carboxyphenylsulphonyl-p-tolylsulphonylphenylthio- 
methane, 1509. 
a-p-Carboxyphenylsulphonyl-a-p-tolylthioethane, _re- 
solution of, 1506. 
dl-a-p-Carboxyphenylsulphonyl-a-p-tolylthioethane, 
and its salts and derivatives, 1 
p-Carboxyphenylsulphonyl-p-tolylthiomethane, and 
its sodium salt, 1508. 
trans-dl-Caronic acid, resolution of, 1223. 
Carvacrol, derivatives of, 979. 
Catalysis, energetics of, 502. 
homogeneous, of stereoisomerism in oximes, 1439. 
Catalytic hydrogenation of unsaturated compounds, 
687. 


Catechol. See Pyrocatechol. 

Chalkone, nitration of, 344. 

Charcoal, chemisorption on, 842. 

Chemical Society, present position and future of, 463. 

= alcohol, constitution of, from surface films, 

Chloral, condensation of, with nitrophenyl- and tolyl- 
ureas, 30. 

Chlorine, photochemical combination of, with hydro- 
gen in presence of oxygen, 743. 
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Chlorine, reaction of, with hydriodic acid, 1315. 

Hydrochloric acid, dielectric polarisation of, in 

solution, 1541. 
phosphorus pentoxide as drying agent for, 1533. 

Hypochlorous acid, dissociation constant of, 1200. 
Chloroaquotetramminochromic chloride. See under 

Chromium bases. 

Chloroaquotetramminocobaltic picrate, 519. 
Chlorosulphonic acid, action of, on p-cresol and phenol 
at low temperatures, 337. 
Cholesterol, structure of, 632. 
Chromium bases :— 
Se eee chloride, preparation 
of, 521. 
Dihydroxotetramminochromic hydroxide, and its 
derivatives, 520: 

Hydroxoaquotetramminochromic salts, 521. 

Nitratoaquotetramminochromic nitrate, 522. 
Chromium salts :— 

Chromic chloride, co-ordination compounds of, 796. 
Chromones, synthesis of, 942, 1073, 1459. 
Chrysene, synthesis of, 1012. 

derivatives of, 607. 

Cinchene cuprichloride, 999. 
Cinchona alkaloids, precipitation of, 

chloride, 996. 

Cinchonidine cuprichloride, 999. 
Cinchonine cuprichloride, 999. 

Cinnamic acid chlorohydrin, constitution of, 964. 
Cinnamic acid, 3:5-dinitro-2-hydroxy-a-amino-, a- 

benzoyl] derivative, 487. 
cis-Cinnamic acid, three forms of, 1453. 
Cinnamonitrile-p-arsonic acid, 352. 
6-Cinnamoyl-:)-indoxylspirocyclopentane, 299. 
7-Cinnamoyloxy-2-styrylchromone, 1388. 

Coal, composition of, 1405. 
Coal tar. See under Tar. 
Cobalt bases :— 
Dihydroxotetramminocobaltic hydroxide, action of 
acids on, 517. 
Nitratoaquotetramminocobaltic nitrate hemihydr- 
ate, 519. 
Cobalt ammonium phosphate, 858. 
sulphate, equilibria of, with ammonium and sodium 
sulphates and water, 943. 
Colouring matters. See Garcinin and Robinetin. 
Combustion of hydrocarbons, 1599. 
Compounds, conjugated, properties of, 960, 1297, 1302. 
cyclic. See Cyclic compounds. 
spiro-Compounds, ring changes in, 352. 
Compressibility of gases at low pressures, 619. 
Co-ordination, covalency and chelation, 1290. 
Copper :— 
Cupric chloride, equilibrium of, with mercuric 
chloride and water, 151. 
Copper determination :— 
determination of, with salicylaldoxime, 314. 
and its separation from nickel, 895. 
Covalency, co-ordination and chelation, 1290. 
o-Cresol, 4:5-dinitro-, and its methyl ether, 1166. 
m-Cresol, conductivity of mixtures of, with phenol, 
1032. 
p-Cresol, action of chlorosulphonic acid on, at low 
temperature, 337. 
p-Cresol, 2:6-dinitro-, and its methyl ether, 440. 
o-Cresol-4-sulphonic acid, barium salt, 1377. 
Crotonaldehyde, af-dichloro-, chlorophenylhydrazones 
of, and their acetyl derivatives, 1489. 
y-p-Cumyl-n-butyric acid, 436. 
Cyanogen halides, reactions of, with hydriodic acid, 
1318. 
Hydrocyanic acid, potassium salt, action of, on 
platinic chloride, 1429. 
Cyanides, complex alkylated, 101. 


by cupric 
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Cyclic compounds, structure of, by selenium dehydro- 
genation, 352. 

synthesis of, 1028. 

p-Cymenecarboxylic acids, 983. 

B-2-Cymylisobutyriec acid, 129. 

(2-Cymylmethyl)methylmalonic acid, and its ethyl 
ester, 129. 

f-2-Cymylpropionic acid, 129. 

Cytisine, and its perchlorate, 507. 


D. 


Daidzein, synthesis of, 274. 
Decahydronaphthalene. See Decalin. 
Decalin, dipole moment of, 652. . 
trans-B-Decalone, chloro-, 1479. 
Dehydrocadalene, and its dimeride, 24. 
Dehydrodihydrorotenonic acid, structure of, and its 
acetyl derivative, 1163. 
Dehydroergosterol 3:5-dinitrobenzoate, 389. 
— 1-disulphide, bromo-derivatives, 
Diacetanilide, 2:4:6-irichloro-, 143. 
2:4-Diacetoxy-6-methrlbenzylidene diacetate, 495. 
Diacetylresorcylaldehyde, azlactone of, 493. 
4:4’-Dialdehydoarsenobenzene, 352. 
Diallyl hydrobromides, 817. 
Diamminocupric trisdiphenol, 1230. 
Diamminopyridinoplatinous chloride, a-chloro-, 1058. 
Diamminotrimethylenediaminoplatinic salts, 1340. 
B-Diamminotrimethylenediaminoplatinous salts, 1340. 
BB’-Dianisyladipic acid, #f’-dihydroxy-, and its 
esters, 828. 
By-Dianisyladipic-a acid, and its esters, 609. 
s-Di-p-anisylurea, 1263. 
1:1’-Dianthraquinonyl, 3:3’:4:4’-tetrahydroxy-, 1517. 
Diaquorhodiumdisulphamide, salts of, 418. 
ay-Diarylmethyleneazomethines, influence of poly- 
nuclear aryl groups on mobility and equilibria in, 37. 
w-Diazo-p-acetylanisole, 375. 
Diazo-compounds, aiiphatic, dipole moments and 
structure of, 406. 
Diazomethane, preparation of, 363. 
absorption spectrum and photochemical decom- 
position of, 119. 
w-Diazo-3-nitro-4-methoxyacetophenone, 26. 
Diazosulphonates from f-naphthol-l-sulphonic acid, 
reaction of, 1067. 
2-Diazotoluene 3-sulphide, 297. 
w-Diazo-3:4:5-trimethoxyacetophenone, 375. 
1:2:5:6-Dibenz-3:4-anthraquinone, 1596. 
1:2:5:6-Dibenz-3:4-anthraquinoneazine, 1596. 
os - eens acid, 
Di(benzdioxinyl)ketone, di-6-nitro-, 700. 
Di(benzdioxinyl)methane, di-6-nitro-, 700. 
Dibenzenesulphonanilide, di-m-nitro-, 1290. 
Dibenzenesulphon-nitrotoluidides, di-m-nitro-, 1290. 
Dibenzenesulphontoluidides, di-m-nitro-, 1290. 
3:4:5:6-Dibenzphenanthra-1:2:7:8-diquinone, 1597. 
ee 
597. 
3:4:5:6-Dibenzphenanthrene, 1592. 
2:2’-Di-1”’:2’’:3’-benztriazolyldiphenyl, 1522. 
Dibenzyldiallylammonium bromide, 67. 
hydroxide, formation and decomposition of, 66. 
Dibenzylmethylammonium salts, 75. 
1:1’-Dicarbazyl, synthesis of, 1520. 
3:9’-Dicarbazyl, synthesis of, and its 9-acetyl deriv- 
ative, 1523. 
Dicarbazyls, 1520, 1523. 
NN’-Dicarbethoxybenzidine, 3-bromo-2’-nitro-, and 
2-nitro-, 1590. 
5Q 
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8-Di(dimethylphenyl)ureas, 1263. 

Dielectric constants of organic liquids, 768. 
polarisation. See under Polarisation. 

5:7-Diethoxy-2:8-dimethyl-3-ethylchromone, 821. 

or > eeentnmenneenen benzidine conversion of, 


Diethoxy-3-methyl-n-butyrophenones, hydroxy-, 821. 

4:6-Diethoxytoluene, 2-nitro-, 821. 

4:6-Diethoxy-o-toluidine, and its acetyl derivative, 821. 

Diethyl sulphide, dipole moment of, 652. 

4’-Diethylamino-2’-acetoxyphenyl-4’’-dimethylamino- 
a-naphthylphthalide, 1268. 

ene 4-penten-3-one hydrochloride, 


4’-Diethylamino-2’-hydroxy-o-benzoylbenzoic acid, and 
its methyl ester, 1267. 
oR nine PS aaaneane picrate, 


1 acai ’-dibenzthiotricarbocyanine iodide, 
2:2'-Diethyl-5:6:5':6-dibenathiotricarbocyanine iodide, 


10:10-Diethyl-5:10-dihydrophenarsazonium bromide 
and iodide, 1637. 
Diethylene dioxide (dioran), dipole moment of, 90. 
Diethylene dioxide, 2:3-dichloro-, 1598. 
Diethyl-n-propylsulphonium salts, 992. 
2:2’-Diethylselenocarbocyanine iodide, 
spectrum of, 216. 
2:2’-Diethylselenotricarbocyanine iodide, 192. 
Diethylsulphone, dipole moment of, 652. 
Diethylthallium diphenol, 1229. 
3:3’-Diethylthiazolinotricarbocyanine iodide, 192. 
2:2’-Diethylthiotricarbocyanine iodide, 191. 
8-Diethylthiourea, dipole moment of, 90. 
1:1’-Diethyl-2:2’-tricarbocyanine iodide, 193. 
O-Diethylusneol, and its picrate, 716. 
Diethylzinc. See under Zinc diethyl. 
Dicyclohexylphenylethylsilicane, 1043. 
Dicyclohexylphenylsilicane, 1042. 
9:10-Dihydro-1:2:5:6-dibenzanthracene, 1596. 
Dihydro-£f-dimethylanhydroacetonebenzil, 727. 
Dihydroergosterol, action of selenium dioxide on, 387. 
3:5-dinitrobenzoate, 389. 
oxide, and its salts, 389. 
Dihydromethylanagyrine, 508. 
A-Dihydromuconic acid, ethyl ester, 890. 
1:2-Dihydropapaverine, 275, 740. 
2:3-Dihydropentachromone, and 6-amino-, and 
6-nitro-, 235. 
2:3-Dihydropentachromone, 6-chloro-, 1588. 
Dihydroquinene cuprichloride, 999. 
1:2-Dihydroisoquinoline, preparation of derivatives of, 
275. 
Dihydroxotetramminochromic hydroxide. See under 
Chromium bases. 
Dihydroxotetramminocobaltic hydroxide. See under 
Cobalt bases. 
Di-(4-ketobenzdioxinyl) ketone, di-6-nitro-, 700. 
2:11-Diketo-5:14-dimethoxyhexahydrochrysene-a, 609. 
Diketohexahydrochrysenes, 608. 
4:5-Diketo-1-(4’-nitrophenyl)pyrazolone-3-carboxylic 
acid, ethyl ester, 4-(4”-nitrophenyl hydrazone), 
1392. 
Diketosuccinic acid, esters, nitrophenyl-hydrazones 
and -osazones of, 1392. 
6:7-Dimethoxy-3-acetyl-2-methylquinoline-4-propionic 
acid, 1089. 
6’:7’-Dimethoxy-8-isoamylchromenochromone, 7- 
hydroxy-. See Dehydrodihydrorotenonic acid. 
2:3-Dimethoxybenzoic acid, 6-bromo-, and its anilide, 
and 6-hydroxy-, benzyl derivative, and 6-iodo-,1622. 
6:7-Dimethoxy-3-benzoyl-2-phenylquinoline-4-prop- 
ionic acid, 1089. 


absorption 
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f-3:4-Dimethoxybenzoylpropionic 
lactone, 1088. 

£-3:4-Dimethoxybenzoylpropionic acid, 6-amino-, and 
6-nitro-, and their derivatives, 1089. 

§-4:5-Dimethoxybenzoylpropionic acid, 2-amino-, and 
2-nitro-, 1467. 

55) Dimncthony-4'-beneylonySovens, 5:7-dihydroxy-, 


acid, and _ its 


3:4-Dimethoxycinnamic acid, ethyl ester, and its 
dibromide, 1465. 

3:3’-Dimethoxy-1:1’-dianthraquinonyl,4:4’-dihydroxy-, 
and its dibenzoyl derivative, 1517. 

6:7-Dimethoxy-1-8-3’:4’-dimethoxyphenylethyl-3:4-di- 
hydroisoquinoline, 1584. 

4:6-Dimethoxy-2:3-dimethylcoumarong, 
picrate, 717. 

5:7-Dimethoxy-2:8-dimethyl-3-ethylchromone, 823. 

af-Dimethoxyethane-aaff-tetracarboxylic acid, methy! 
ester, 643. 

2:6-Dimethoxy-4-ethoxy-3-msthylbenzoic acid, methy] 
ester, 719. 

3’:4’-Dimethoxyflavone, 7-hydroxy-, 1387. 

3’:5’-Dimethoxyflavong, 5:7:4’-trihydroxy-, 942. 

7:4-Dimethoxyisoflavone-2-carboxylic acid, 275. 

Dimethoxyflavylium perchlorates, aminohydroxy-, 26. 

7:4-Dimethoxyflavylium chloride, 3-chloro-2’-hydr- 
oxy-, 290. 

3:3’-Dimethoxyhelianthrone, 4:4’-dihydroxy-, and its 
diacetyl derivative, 1517. 

5:14-Dimethoxyhexahydrochrysene-a, 610. 

ary ~~ eameeetecmeeemmeeee benzidine conversion 
of, 986. 

5:6-Dimethoxy-1-hydrindone-2-glyoxylic acid, and its 
ethyl ester, 611. 

Dimethoxymaleic acid, methyl ester, 1289. 

3:4-Dimethoxymandelonitrile, and its imino-ethyl 
ester hydrochloride, 1466. 

oy * peecmimreeeecmmanee 


and its 


2-hydroxy-, 


4:6-Dimethoxy-3-mathylbenzaldehyde, 2-hydroxy-, and 
its acetate, 442. 
2:4-Dimethoxy-6-methylbenzanilide, 494. 
4:6-Dimethoxy-3-methylbenzoic acid, 2-hydroxy-, and 
its methyl ester, 442. 
4:6-Dimethoxy-3-msthyl-n-butyrophenone, 2-hydr- 
oxy-, and its acetate, 823. 
ar? - cena eee 2:4’-dihydroxy-, 
7:4’-Dimethoxy-2-methylisoflavone, 274. 
6:7-Dimethoxy-2-methylnaphthalene, 86. 
2:6-Dimethoxy-4-methylquinoline, 301. 
5:6-Dimethoxynaphtha(1:2:4’:3’ coumarin, 
hydroxy-, diacetyl derivative, 1471. 
4:5-Dimethoxyphenoxyacetic acid, and its methyl 
ester, 2-acetonitriles, 1164. 
4:5-Dimethoxyphenoxyacetic acid-(2’:4’-dihydroxy-3’- 
"ars - See Tetrahydroderrisic 
acid, 
4:5-Dimethoxyphenoxyacetic acid-2-resacetophenone. 
See Tephrosic acid. 
3:4-Dimethoxyphenylacetylene, 1466. 
8-3:4-Dimethoxyphenylethyl alcohol, and its deriv- 
atives, 1466. 
a-3:4-Dimethoxyphenyl-y-2-hydroxy-4:6-dimethoxy- 
phenyl-n-propyl alcohol, 290. 
a-2:4-Dimethoxyphenyl-y-o-hydroxyphenyl-n-propyl 
alcohol, 290. 
7:8-Dimethoxy-3-phenyl-4-(4’-methoxystyryl)- 
coumarin, 617. 
7:8-Dimethoxy-3-phenyl-4-(3’:4’-methylenedioxy- 
styryl)coumarin, 617. 
3:4-Dimethoxyphenylpropiolic acid, 1466. 
8-3:4-Dimethoxyphenylpropiono-f-3’:4’-dimethoxy- 
phenylethylamide, 1584. 


4:7’-di- 
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2:4-Dimethoxy-f-phenylpropiophenone, 2’-hydroxy-, 
289. 


acid, 


dihydro- 


6:7-Dimethoxy-2-phenylquinoline-4-propionic 
1089. 


B-6:7-Dimethoxyquinaldyl(4)-ethylamine 
chloride, 1467. 
8-6:7-Dimethoxyquinaldyl(4)-ethylurethane, 1468. 
8-6:7-Dimethoxyquinaldyl(4)-propionic acid, and its 
derivatives, 1468. 
6:7-Dimethoxyquinolin3-4-propionic acid, 1089. 
7:4-Dimethoxy-2-styrylisoflavone, 275. 
3:4’-Dimethoxy-pp-tribenzaldehyde, 141. 
3:4’’-Dimethoxy-pp-tribenzoic acid, and its chloride, 
142. 
4:6-Dimethoxy-2:3:7-trimethylcoumarone, 
picrate, 718. 
2:4-Dimethoxytoluene, 6-nitro-, 441. 
4:6-Dimethoxy-o-toluidine, 441. 
2:6-Dimethoxy/sovalerophenone, 
azone, 1164. 
Di(methylamino)cupric diphenol, 1230. 
4’’-Dimethylamino-4’-diethylamino-2’-acetoxydi- 
phenylphthalide, 1268. 
2’-Dimethylaminodiphenyl, 3-bromo-, and its chloro- 
platinate, 1591. 
1-Dimethylamino-5-fury]-4‘-penten-3-one, 
phenylhydrazone, hydrochlorides, 839. 
Dimethylaminohexose phenylosazone, 226. 
eters 


and its 


and its semicarb- 


and its 


8-Dimethylamino-f§-methylpropans, a-amino-, salts, 
349. 


o-(2-Dimethylaminopheny])phenyltrimethylammonium 
iodide, resolution of, 135. 

p-Dimethylaminophenylpyridine, 1499. 

p-Dimethylaminostyrylbenzthiazole methiodide, ab- 
sorption spectrum of, 216. 

Dimethyl anhydro-a-methylhexoside, 1081. 

Dimethyl-p-anisidines, dinitro-, 825. 

Dimethylascorbic acid, and its barium salt, 1287. 

Dimethylbutadienes, dipole moments and atomic 
polarisation of, 1297, 1302. 

By-Dimethyl-n-butane-aafy55-hexacarboxylic 
methyl ester, 814. 

Dimethyl-tert.-butylsulphonium iodide and _ picrate, 
1575. 

Dimethylbutylsulphonium iodides, 535. 

O-Dimethyldaidzein, 275. 

2:2-Dimethyldibenzopyrans, synthesis of, 1400. 

2:8-Dimethyl-5:6:11:12-dibenzperylene-4:10-quinone, 
3:9-dihydroxy-, 1519. 

2:2’-Dimethyldibenzthiotricarbocyanine chlorides, 192. 

a iodide, 
193. 

2:3-Dimethyl-2:3-dihydroindole, 3-nitro-2-hydroxy-, 
958. 


acid, 


2:2-Dimethyldiphenyl disulphide, 3:3’-diamino-, and 
-dinitro-, 501. 
3:3’- and 5:5’-Dimethyldiphenyl disulphides, 2:2’-di- 
amino-, and their derivatives, 297. 
4:4’-Dimethyldiphenylketoxime picryl and trinitro-m- 
tolyl ethers, 811. 
3:3’-Dimethylenedi-f-naphthaspiropyran, 434. 
Dimethylethylarsine, and its salts, 95, 99. 
Dimethylethylarsonium picrate, hydroxy-, 100. 
Dimethylethylsulphonium iodide, 535. 
aB-Dimethylglutaconic acid, ethyl ester, methylation 
of, 556. 
l-trans-ay-Dimethylglutaconic acid, catalytic action 
of acids on racemisation of, 595. 
88-Dimethylglutaric acid, thermal decomposition of, 
1028. 


3:3’-Dimethylhelianthrone, 4:4’-dihydroxy-, and its 
diacetyl derivative, 1519. 























1:1-Dimethylcyclohexane-2:4:6-trione-3:5-dicarboxylic 
acid, ethyl ester, 1617. 

a” aes sama acid, ethyl ester, 
1015. 

2:3-Dimethylindole, acetyl and benzoyl derivatives, 
and 2-bromo-, l-acetyl derivative, 2- and3-hydroxy-, 
and nitro-derivatives, 957. 

O-Dimethyl-lecanoric acid, methyl ester, 494. 

Dimethylmalonic acid, ethyl hydrogen ester, and its 
derivatives, 1617. 

4:6-Dimethyl a-methylaltroside, 2:3-di-p-toluenesul- 
phony] derivative, 1080. 

4:6-Dimethyl a-moethylglucoside, 2:3-di-p-toluenesul- 
phony] derivative, 1080. 

Dimethyl-(4-methyl-1-naphthyl)carbinol, 24. 

Dimethylnaphthalens, dichloro-, 485. 

1:3-Dimethylnaphthalene, and its picrate, 437. 

1:5-Dimethylnaphthaleng, 485. 

4:8-Dimethylnaphthalene, 1-bromo-, 23. 

4:8-Dimethyl-1-naphthoic acid. and its ethyl ester, 23. 

1:1-Dimethylpentane-2:4-dione-1:3:5-tricarboxylic 
acid, ethyl ester, 1618. 

1:3-Dimethylphthalaz-4-one, preparation of, 1333. 

4:8-Dimethyl-1-isopropeny!naphthalene, and its deriv- 
atives, 24. 

1:7-Dimethyl-4-isopropylnaphthalene, and its picrate, 
129 


4:8-Dimethyl-1-isopropylnaphthalene, 24. 
Dimethylpropylsulphonium iodides, 535. 
Dimethyl-y-pyrone, dipole moment of, 90. 
O-Dimethylpyrousnic acid, and its methyl ester, 1177. 
2:2’-Dimethylselenotricarbocyanine iodide, 192. 
absorption spectrum of, 216. 
Dimethyl-1:2:3:4-tetrahydronaphthalenes, 436. 
1:7-Dimethyl-1:2:3:4-tetrahydro-1-naphthol, 436. 
3:3’-Dimethylthiazolinotricarbocyanine iodide, 192. 
Dimethylthio-y-pyrone, dipole moment of, 90. 
2:2’-Dimethylthiotricarbocyanine chloride, 191. 
s-Dimethylurea, dipole moment of, 90. 
O-Dimethylusneol, and its picrate, 716. 
3:9-Dimethylxanthine, and its salts, 668. 
Dimethylzine. See Zinc dimethyl. 
Dinaphthaspiropyrans, colour of, 430. 
Dinaphthyl bases, 133. 
Dioxan. See Diethylene dioxide. 
s-Di-p-phenetylurea, 1263. 
2:2’-Diphenol, co-ordination compounds of, 1227. 
Diphenyl derivatives, nitration of, 968. 
derivatives, dissymmetrical, optical activity of, 1588. 
2:2’-disubstituted derivatives, stereochemistry of, 
135. 
Diphenyl, 3-bromo-2’-amino-, and -2’-nitro-, 1591. 
4:4’-dichloro-3:3’-dinitro-, preparation of, 1621. 
Diphenyl sulphide, 4-chloro-2-nitro-2’-amino-, 1492. 
disulphides, tetra- and hexa-chloro-, 47. 
sulphoxide, 4-chloro-2-nitro-2’-amino-, and _ its 
acetyl derivative, and 2-nitro-2’-amino-, acetyl 
derivative, 1492. 
Diphenyl-4’-aldehyde, 2- and 4-nitro-, 971. 
Diphenylaldehydes, and their derivatives, 43, 44. 
Diphenylamine-6’-carboxylic acid, 2:5-dibromo-, 2:5- 
dichloro-, and 5-chloro-2-nitro-, 1372. 
2:2’-Diphenylaminodiphenyl, di-o-amino-, and di-o- 
nitro-, and its N N-diacetyl derivative, 1521. 
aa-Diphenyl-n-butane, 533. 
aB-Diphenyl-f-tert.-butylurea, 949. 
Diphenylearboxyanilides, 42, 44. 
Diphenyl-4’-carboxylic acid, 4-nitro-, ethyl ester, 971. 
2:3-Diphenylchromone, 1461. 
2:3-Diphenylchromone, 7-hydroxy-, 1388. 
3:3’-Diphenyl-4:4’-dimethyldicoumarin, 616. 
3:4-Diphenyl-5:5-dimethyl-2-methylene-4°-cyclo- 
pentenone, 729. 
3:4-Diphenyl-5:5-dimethylcyclopentane, 726. 
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3:4-Diphenyl-5:5-dimethylcyclopentanone, and its de- 
rivatives, 726. 
3:4-Diphenyl-5:5-dimethyl-4*-cyclopentenons, 2- and 
4-hydroxy-, and their derivatives, 724. 
3:4-Diphenyl-5:5-dimethyl-4°-cyclopentenone, and its 
derivatives, 726. 
3:4-Diphenyl-5:5-dimethylcyc/opentenones, chloro-, and 
their derivatives, 729. 
3:4-Diphenyl-5:5-dimethyl-4°-cyclopentenonylidene- 
3:4-diphenyl-5:5-dimethyl-4*-cyclopentenone, 731. 

aa-Diphenylethyldimethylaming picrate, 73. 

£8-Diphenylethyltriethylphosphonium chloride, 532. 

aa-Diphenylethyltrimethylammonium iodide, 73. 

2:3-Diphenylindole, bromo-, l-acetyl, 1-benzoyl and 

1-cinnamoy] derivatives, 959. 
2:3-Diphenylindole-1-carboxylic acid, ethyl ester, 959. 
Diphenylketoxime, di-p-chloro-, picryl and trinitro-m- 
tolyl ethers, 811. 

Diphenylm3than3, 4-amino-, 3:5-dibromo-, bromo-4- 
mono- and -di-amino-, dibromo-4-amino-, tri- 
bromo-4-amino-, 3-bromo-5-iodo-4-amino-, 
bromodinitro-4-amino-, 3:5-diiodo-, 3:5-diiodo- 
4-amino-, and 3:4’-dinitro-4-amino-, and their 
derivatives, 1062. 

5:5’-dinitro-2:2’-dihydroxy-, and its diacetyl 
derivative, and 3:3’:5:5’-tetranitro-, 699. 
Diphenylmethyldimethylamine, m-hydroxy-, and its 
derivatives, 1097. 

1:3-Diphenyl-2-methylindene, and 1-hydroxy-, 1499. 

4:6-Diphenyl-2-m2thylpyrylium perchlorate, 1198. 

Diphenyl-fa-naphthapyrones, 1462. 

1:5-Diphenyl-3-( 8-piperidinoethyl)pyrazoline, 839. 

Diphenyl-y-pyrone, dipole moment of, 90. 

Diphenyl-4’-sulphonic acid, 4-amino-, 43. 

Diphenyl-o-tolylacetaldehyde, 336. 

3:4-Diphenyl1-2:5:5-trimethyl-4?-cyclopentenon2, 4- 

hydroxy-, and its 2:4-dinitrophenylhydrazone, 728. 

s-Diphenylureas, dichloro-, 1263. 

Diphenylyl-2-arsonic acid, 3’-bromo-, 1591. 

Diphenylyl-2-trimethylammonium iodide, 3-bromo-, 

1591. 

Diphenylyl-2-trimethylarsonium iodide, 3’-bromo-, 

1591. 


salts, 3’-bromo-, 1591. 
ay-Dipiperidino-f-(2:4-dinitrophenyl)propana, 302. 
Dipole moments, 1252. 

of long-chain molecules, 1567. 
Di-n-propyl-n-butylsulphonium salts, 993. 
Dipyridinoplatinous chloride, a-dihydroxylamino-, 

1059. 


Di-3:3’-salicylic acid keton2, di-3:3’-5-nitro-, 700. 
Dispersion, rotatory, of carbohydrates, 1564. 
of organic compounds, 788, 951, 1179, 1444. 
Dissociation constants of monobasic acids, 731. 
of olefinic acids, 561. 
of organic acids, 1637. 
1:3-Distyrylbenzene, 2:4:6-trinitro-, 980. 
Disulphonamides, nitration of, 1290. 
Disulphonylmethanes, substituted, attempted resolu- 
tion of, 1506. 
Dithallium diphenol, 1229. 
Dithian, physical constants of, 1530. 
Dithionates. See under Sulphur. 
Ditolyl. See Dimethyldiphenyl. 


Elaidyl alcohol, oxidation of, 246. 
Electric moments of cyclic 1:1-dicarboxylic esters, 
1304. 
polarisation. See under Polarisation. 
Electrodes, glass, potential determinations with, 
1200. 
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Electrolytic conductivity of salts in non-aqueous 
solvents, 
in ethyl alcohol, effect of acetaldehyde on, 658. 

dissociation, specific effect of solvent in, 1360. 
oxidation, 829. 

Elements with consecutive atomic numbers, directive 
powers of, 482. 

Emulsions, 1214. 
concentrated, homogenisation of, 1458. 

Equilibria, solid—liquid, 199, 236. 

Equilibrium constants from cryoscopic data, 193. 
in terms of activities, 1431. 

Ergostadienodiolons benzoate and its 2:4-dinitro- 
phenylhydrazone, 305. 

Ergostadienedionol, and its oxime, 305. 

Ergostanetriol diacetate, 305. 

Ergostenetriol-B, and its diacetate, 305. 

Ergosterol, structure of, 302, 633, 1410. 
action of selenium dioxide on, 387. 

Ergosterol-B,, 390. 

dl-Eserethole, synthesis of, 1475. 

di- and l-Eseretholes, salts of, 1474. 

Eserine, synthesis of, 270, 1472, 1475. 

l-Esermethole tartrate, 271. 

Esters, catalysis of hydrolysis of, by bisulphate ions, 

291. 


influence of iodine on decomposition of, 1147. 
reactions of, with selenium dioxide, 391. 
cyclic 1:1-dicarboxylic, electric moments of, 1304. 
Ethane, ignition of mixtures of, with air, 1240. 
4-Ethoxy-o-cresol, 6-nitro-, 821. 
m-Ethoxydiethylaniline, 1268. 
2-Ethoxy-3:4-diphenyl-5:5-dimethyl-4?-cyclopentenone, 
and its 2:4-dinitrophenylhydrazone, 726. 
2-Ethoxy-3:4-diphenyl-5:5-dimethyl-4°-cyclopentenons 
2:4-dinitrophenylhydrazone, 724. 
a a nea, 
8. 
4-Ethoxy-3-methylbenzoic 
methyl ester, 718. 
eee chloro- and 2-hydroxy-, 
1032 
4-Ethoxytoluene, 2:6-dinitro-, 820. 
4-Ethoxy-o-toluidine, 6-nitro-, and its acetyl deriv- 
ative, 821. 
4-Ethoxy-2:3:5-trimethylcoumarone, 6-hydroxy-, 720. 
4-Ethoxy-2:3:5-trimethylcoumarone-7-carboxylic acid, 
6-hydroxy-, and its methyl ester, 719. 
Ethyl alcohol, effect of acetaldehyde on conductivity 
in, 658. 
Ethyl hyponitrite, parachor and dielectric polarisation 
of benzene solutions of, 309. 
iodide, reaction of, with sodium thiosulphate, 1576. 
Ethylaniline, dipole moment of, 1255. 
8-Ethylanilinopropane, a-amino-, salts, 349. 
a-Ethylanilinopropionitrile, 349. 
o-Ethylearbonatobenzal chloride, 
hydrolysis of, 498. 
2-Ethylchromone, 433. 
Ethyldiisobutylsulphonium salts, 993. 
Ethyldi-n-propylsulphonium salts, 993. 
Ethylene, compressibility of, 621. 
ignition of mixtures of, with air, 1241. 
dichloride, dielectric constant of, 773. 
Ethylene, trans-diiodo-, vapour pressure of, 429. 
Ethylene glycol, thio-, 46. 
Ethylene oxide, Reformatsky reaction with compounds 
of type of, 362. 
 ~ eeenes 
6 Wns salts, 


acid, § 2:6-dihydroxy-, 


preparation and 


salts, 


1-Ethyl-4*-cyclohexene-1:3-dicarboxylic acid, and its 
ethyl ester, 1631. 
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2-Ethyl-a-naphthachromone, 433. 

12-Ethyloctahydrophenanthrene, 1465. 

Ethylphenanthrenes, and their salts, 1015. 

Ethyl isopropyl ketone nitrophenylhydrazones, 728. 

Ethylsulphonylethylthioacetone, 308. 

n- and iso-Eugenols, refractive dispersion of, 557. 

tsoEverninic acid, methyl ester, 494. 

Explosions, low-pressure, formation of water-gas in, 
1557. 


F. 


Faraday Lecture, 1366. 

Ferric sulphate. See under Iron. 

Ferrocyanides, hexaethylated, 101. 

Ferrous sulphate. See under Iron. 

Filaments, heated, detection of adsorbed gas films 
on, 798. 

Filicinic acid, synthesis of, 1617. 

Filiz mas, constituents of, 819, 1617. 

Films, surface, of unsaturated. compounds, 338. 

i elasmobranch, unsaponifiable matter from oils 
of, 165. 

Flames, movement of, 546. 

—_ 5:7:3':4':5'- pentahydroxy-, acetyl derivative, 


Flavones, di- and tetra-hydroxy-, 1075. 

isoFlavones, synthesis of, 274, 374. 

Flavylium chloride, 4’-amino-7-hydroxy-, -3:7-di- 
hydroxy-, and -3:5:7-trihydroxy-, and its benzoyl 
derivative, and 4’-nitro-3:5:7-trihydroxy-, 28. 

Fluorene-2-arsonic acid, 7-amino-9-hydroxy-, diacetyl 
derivative, 1456. 

9-Fluorenol-2-arsonic acid, and 7-amino-, and their 
salts and derivatives, 1456. 

9-Fluorenol-7-glycineamide-2-arsonic acid, and its 
sodium salt, 1456. 

Fluorenone-7-glycinemethylureide-2-arsonic acid, and 
its sodium salt, 1455. 

Fluorenone-7-glycinephenylureide-2-arsonic acid, and 
its sodium salts, 1 

Fluorenone-7-glycineureide-2-arsonic acid, 
sodium salt, 1455. 

9-Fluorenylamine, 1499. 

Fluorenylidene-9-fluorenylamine, 1500. 

Formaldehyde, polymerisation of, 1193. 
condensation of, with p-nitrophenol, 699. 

Formic acid, chloro-, esters, rotation of chlorides from 
decomposition of, 179. 

Formo-f§8,-tribromo-a-hydroxybutylamide, 995. 

st - een tee 


Rel Sain Pina ote 
5. 


and its 


f-(o-Formylphenyl)propaldehyde, and its dioxime, 554. 

Fulminic acid, mercury salt, thermal decomposition 
of, 1396, 1400. 

Furanoquinolines, 1087. 

Furfurylideneacetone, 8-amino-ketonesand pyrazolines 
from, 839 


G. 


Gallacetophenone, benzoyl] derivatives of, 1387. 

Galangin, synthesis of, and its O- -tribenzoyl deriv- 
ative, 369. 

Garcinin, synthesis of, 610. 

Gas, water-, equilibrium of formation of, in low- 
pressure explosions, 1557. 

Gases, compressibilities of, at low pressures, 619. 
ignition of, 1240. 























Gases, adsorbed, detection of films of, on heated 
filaments, 798. 
mixed, explosive, coil ignition of, 227. 
Gas reactions, homogeneous catalysis of, 1147. 
Glass electrodes. See under Electrodes. 
Glucose series, Walden inversion in, 1076. 
Glucosides. See Glycosides. 
a methochloroaurate, 


Glutaconic acids, 595. 
= acids, substituted, thermal decomposition of, 
1028. 
Glycollaldehyde octadecyl ether, and its 2:4-dinitro- 
phenylhydrazone, 166. 
— acid, and its ethyl ester, octadecyl ethers 
of, 166. 
Glycosides, synthesis of, 1618. 
natural, 1167, 1170. 
substituted, 223. 
See also Primeverin. 
Glutaconic acids, and their esters, structure of, 1628. 
Glyoxylic acid, and w-amino- and w-chloro-, ethyl 
esters, chlorophenylhydrazones of, 1490. 
Glyoxylic acid, a-amino-, ethyl ester, chloronitro- and 
nitro-phenylhydrazones, 1146. 
a-amino-, and a-nitro-, ethyl esters, phenylhydr- 
azones of, 477. 
a-chloro-, ethyl ester, chloronitro- and _nitro- 
phenylhydrazones, 1145. 
Guanosine, enzymatic preparation of, 667. 


H. 


n- and iso-Heematommic acids, methy] esters, 133. 
Halides, influence of iodine on decomposition of, 
1147. 
Halogens, relation of electromeric effects and re- 
lative polarisabilities of, 1114. 
nuclear, influence of, on aromatic side-chain activity, 
1112. 
side-chain, reactivities of, with reference to reaction 
mechanism, 1128. 
Harman from yohimbine, 615. 
Helianthrone, 3:3’:4:4’-tetrahydroxy-, tetra-acetyl de- 
rivative, 1518. 
Helminthosporin, synthesis of, 488. 
Heptadecane, equilibria of, with its homologues, 1348. 
Heptadecyl alcohol, and its acetate, 637. 
equilibria of, and its homologues, 1348. 
Av¢-Heptadiene-a-carboxylic-f-malonic acid, methyl 
ester, 961. 
O-Heptamethylphloridzin, 1171. 
a ee acid, methyl ester, 
1. 
Heptane-1:3:7-tricarboxylic anhydride, 1015. 
4y-isoHeptenoic acid, preparation of, 584. 
5-isoHeptolactone, 585. 
Hexadecanesulphonic acid, preparation of, 739. 
Hexadecyl alcohol, equilibrium of, with octadecyl 
alcohol, 637. 
Hexahydroanagyryline, 508. 
Hexahydrochrysenes, 609. 
Hexahydrodeoxyanagyrine, and its salts, 509. 
Hexahydrofluorene, 1109. 
trans-Hexahydrohydrindene-2-acetic acid, 
amide, 1487. 
trans-Hexahydrohydrindyl-2-acetone, and its deriv- 
atives, 1487. 
trans-Hexahydrohydrindylidene-2-trans-hexahydro- 
hydrindone, derivatives of, 1479. 
as-Hexahydropyrene, and its picrate, 404. 
A-1:2:3:6:7:8-Hexahydro-4-pyrenoylpropionic 
and its semicarbazone, 405. 


and its 


acid, 
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y-1:2:3:6:7:8-Hexahydro-4-pyrenylbutyric acid, and its 
lactone, 405. 
Hexahydroxanthone, 10:11-dichloro-, 234. 
4:5:6:3':4’:5’-Hexamethoxy-3:3-diphenylcoumaran, 375. 
Hexamethylferrocyanogen mercuri-iodide, 104. 
— ’-Hexamethylindotricarbocyanine iodide, 
team acid, thermal decomposition 
of” 8. 
eta acid, ethyl] ester, 
cycloHexanol-2:6-dicarboxylic acid, ethyl ester, 1630. 
cycloHexanespirocyclopentane, 353. 
cycloHexanone-2:6-dicarboxylic acid, ethyl ester, 1630. 
cycloHexanone-2-propionic acid, and its methyl 
ester, 1015. 
tert.-Hexylaniline, and its derivatives, 950. 
y-cycloHexyl-sec.-butyl alcohol, 1484. 
cycloHexyloxydicyclohexylphenylsilicane, 1042. 
cycloHexylphenyl-5:5-dimethylcyclopentanone 2:4-di- 
nitrophenylhydrazone, 727. 
a-cycloHexylpropionic acid, and its derivatives, 1483. 
cycloHexylsulphonylacetone, 308. 
Hochst Yellow R and U, degradation of, 1001. 
Homocaronic acid, synthesis of, 1225. 
— acid, action of hydrogen chloride on, 


dl-Komolaudanosoline, synthesis and dehydrogen- 
ation of, 1583. 
Homopiperonal, preparation of, and its 2:4-dinitro- 
phenylhydrazone, 1530. 
Homopiperonylmethylamine, 278. 
Homopiperonylmethylaminodiethylacetal, 
methiodide, 278. 
Homopiperonylmethylaminodimethylacetal, 279. 
Homoveratric acid, amide and ethy] ester, 1466. 
— cestrus-producing, compounds related to, 
8. 


and its 


Hydrazobenzene, dipole moment of, 1255. 
1:1’-Hydrazonaphthalene, 134. 
Hydriodic acid. See under Iodine. 
Hydrocarbon, cancer-producing, from coal tar, 395. 
Hydrocarbons, combustion of, 1599. 
paraffin, preparation of, 346. 
polycyclic aromatic, 1408, 1592. 
Hydrochloric acid. See under Chlorine. 
Hydrocyanic acid. See under Cyanogen. 
Hydroferrocyanic acid, and its metallic salts, 1543. 
Hydrogen, photochemical combination of, with 
chlorine in presence of oxygen, 743. 
explosions of mixtures of, with air, 882. 
Hydrogen sulphide, influence of solvent on reaction 
of, with iodine, 836. 
Hydroxides, electrometric precipitation of, 9, 601, 
1045, 1050, 1429. 
Hydroxoaquotetramminochromic salts. 
Chromium bases. 
Hypochlorous acid. See under Chlorine. 
Hypophosphoric acid. See under Phosphorus. 


See under 


Ignition of gases, 1240. 
coil, of explosive mixtures of gases, 227. 

Indican, natural and synthetic, 30. 

Indigotin, benzoyl derivatives of, 1000. 

Indole compounds, additive reactions of, 955. 
polycyclic, action of halogens on, 298. 

Indole-2-carboxylimide, 5:7-dinitro-, 487. 

Interfacial tension, measurement of, 1449. 

Iodine, influence of solvent on reaction of, with 
hydrogen sulphide, 836. 
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Iodine :— 
Hydriodic acid, reaction of, with chlorine, 1315. 
with cyanogen halides, 1318. 
Iron :— 

Ferric sulphate, oxidation-reduction potential of 
mixtures of ferrous sulphate and, in sulphuric 
acid solution, 10. 

Ferrous sulphate, oxidation-reduction potential of 
mixtures of ferric sulphate and, in sulphuric acid 
solution, 10. 


Keten, absorption spectrum and _ photochemical 
decomposition of, 1533. 

Keto-anils, aliphatic, constitution of, 1327. 

1-Keto-3-( benzeneazophenyl)-2-methyltetrahydro- 
phthalazine-4-acetic acid, 1070. 

4-Ketobenzdioxin, 8-bromo-6-nitro-, and 8-chloro-6- 
nitro-, 700. 

a-Ketobutaldehyde, §-chloro-, 2:4:5-trichlorophenyl- 
hydrazone, 1490. 

3-Keto-4-0-carboxybenzoyl-10-ethoxy-7-methyl-3:4:5:6- 
tetrahydro-4-/-carboline, 1473. 

1’-Keto-1:2:3:6:7:8:1':2’:3’:4’-decahydro-4:5-benz- 
pyrene, 405. 

Keto-6:7-dimethoxy-2-methyl-1:2:3:4-tetrahydro- 
naphthalenes, 86. 

1-Ketodimethyl-1:2:3:4-tetrahydronaphthalenes, 436. 

3-Keto-d-glucoheptonofuranolactone, 1422. 

2-Ketocyclohexanespirocyclopentane, dehydrogen- 
ation of, 353. 

a-Keto-8-methoxybutaldehyde pentachlorodiphenylos- 
azone, 1490. 

7-Keto-6-methyl-7:10-dihydro-8:9-benzquinoquinoline, 
and its sulphate, 391. 

Ketones, influence of iodine on decomposition of, 1147. 
cyclic 4?-unsaturated, synthesis of, 1481. 
dicyclic, condensation products of, 1477. 
heterocyclic, 839. 

1-Keto-3-(4’-nitrobenzeneazophenyl)-2-methyltetra- 
hydrophthalazine-4-acetic acid, 1070. 

1-Keto-3-(4’-nitrophenyl)-2-methyltetrahydrophthal- 
azine-4-acetic acid, and its methyl ester, 1069. 

§-Keto-n-pentane-y5-dicarboxylic acid, methyl ester, 
and its semicarbazone, 814. 

a-Ketopropaldehyds, phenylhydrazones, and w-amino-, 
w-mono-, Bw-di- and BBw-tri-bromo-, 477, 478. 

1-Keto-7-isopropyl-1:2:3:4-tetrahydronaphthalene, 436. 

1-Keto-1:2:3:4-tetrahydro-5:6-benzanthracene, 1014. 

4’-Keto-1’:2’:3’:4’-tetrahydro-1:2-benzpyrene, 403. 

7-Keto-4:5:6:7-tetrahydrochysene, 1014. 


L 


Laudanosoline dimethy] ether, synthesis of, 280. 
Lead azide, thermal decomposition of, 1395. 
nitrate, equilibrium of, with ammonium and 
potassium nitrates, 199. 
oxynitrates, formation of, in molten mixtures, 648. 
Lectures delivered before the Chemical Society, 316, 
1366, 1599. 
Lepidine, 2-chloro-, condensation of, with anthranilic 
acid, 390. 
Lichen acids, 130, 493. 
Liquids, binary mixed, mixture rule for, 114. 
organic, dielectric constants of, 768. 
Lithium chloride, apparent molar volumes of, in 
aliphatic alcohols, 933. 
Lithium organic compounds :— 
Lithium di-4-isonitroso-1-phenyl-3-methyl-5-pyr- 
azolone, 841. 





Lupanine, structure of, 644. 
Lupin alkaloids, 644. 


Maclurin, cyano-, and its derivatives, synthesis of, 288. 
Magnesium chloride, equilibrium of, with calcium 
oxide and water, 701. 
ammonium phosphate, 854. 
Malonatotetramminocobaltic nitrate, 518. 
Mandelic acid, acid salts, 1016. 
Manilla elemi, B-amyrin from, 1345. 
Mannich reaction applied to derivatives of 4-methyl- 
quinoline and 2:4-dinitrotoluene, 300. 
Margaric acid, ethyl ester, equilibria of, with ethyl 
palmitate and stearate, 636. 
Memorial Lecture, 316. 
dl-neoMenthol, optical resolution of, and its deriv- 
atives, 167. 
dl- and d-isoMenthols, and their derivatives, 172. 
Menthone series, 167, 170. 
Menthoxyacetic acids, /-neomenthy] esters, 169. 
p-Mercaptobenzoic acid, ethyl ester, 1507. 
Mercury alloys, vapour pressure of, 537. 
—— salts, action of ammonia on solutions of, 
045. 
Mercuric chloride, equilibria of, with water and 
alkaline-earth or cupric chlorides, 151. 
action of ammonia on solutions of, 601. 
oxide, standardisation of acid solutions with, 9. 
Mercurous oxide, equilibrium of, with nitrogen 
pentoxide and water, 1416. 
Mesityl 8-chloroethyl sulphide, sulphone and sulph- 
oxide, 46. 
B-hydroxyethy] sulphide, 46. 
oxide 2:4-dinitrophenylhydrazone, 731. 
Metals of the iron group, qualitative separation of, in 
presence of phosphate, 253. 
Metallic salts, electrostriction produced by, in 
aliphatic alcohols, 933. 
Methane, speed of flame in mixtures of air and, 546. 
explosions of, with air, 758. 
Metathebainone, 1038. 
4-Methoxy-7-acetoacetyl-2:3:5-trimethylcoumarone, 
6-hydroxy-, 1178. 
4-Methoxy-5-acetyl-2:3:7-trimethylcoumarone, 6-hydr- 
oxy-. See O-Methylisousnetol. 
4-Methoxy-7-acetyl-2:3:5-trimethylcoumarone, 6-hydr- 
oxy-. See O-Methylusnetol. 
2-Methoxyanthrone, 4-bromo-l-hydroxy-, and_ its 
diacetyl derivative, 1517. 
+ apc chloride, preparation and hydrolysis 
of, 498. 
2-Methoxybenzaldehyde, 3:5-dinitro-, and its deriv- 
atives, 487. 
3-Methoxybenzoic acid, 5-amidosulphonyl and 5- 
chlorosulphony] derivatives and their derivatives, 
1374. 
Methoxybenzoic acids, amido- and chloro-sulphonyl 
derivatives, and their derivatives, 1378. 
thiol-, 1378. 
4-Methoxybenzoyl chloride, 3-nitro-, 26. 
Methoxybenzoylmethoxytoluic acid, hydroxy-, 489. 
m-Methoxybenzoylsuccinic acid, ethy! ester, 1472. 
5-o-Methoxybenzoylvaleric acid, and 5-amino-, and its 
derivatives, and 5-chloro-, and 5-nitro-, 1587. 
2’-Methoxy-3-benzyl-2-methylchromone, 7-hydroxy-, 
acetyl derivative, 289. 
7-Methoxy-1-(3’-benzyloxy-4’-methoxybenzyl)-2- 
methylisoquinolinium chloride, 6-hydroxy-, 281. 
7-Methoxy-1-(3’-benzyloxy-4’-methoxybenzyl)-2- 
aaa 6-hydroxy-, 
81. 





ad 


——- Se 








7’-Methoxychromeno-(3’:4’:2:3)-chromone, 7-hydr- 
oxy-, 492. 
4-Methoxycinnamic acid, methy] ester, 609. 
4-Methoxy-o-cresol, 6-nitro-, 441. 
m-Methoxydiethylaniline, 1269. 
6-Methoxy-2:3-dimethylcoumarone, 717. 
3’’-Methoxy-2:2-dimethyldibenzopyran, 1404. 
5-Methoxy-1:3-dimethylindole, synthesis of, 271. 
5-Methoxy-1:2-dimethyl-3-8-phenoxyethylindole, 272. 
3-Methoxydiphenyl-2’-carboxylic acid, 2-hydroxy-, 
lactone, 1404. 
2-Methoxy-3:4-diphenyl-5:5-dimethyl-4*-cyclopenten- 
one 2:4-dinitrophenylhydrazone, 724. 
2-Methoxy-3:4-diphenyl-5:5-dimethyl-4?-cyclopenten- 
one 2:4-dinitrophenylhydrazone, 725. 
4-Methoxy-3:4-diphenyl-5:5-dimethyl-4?-cyclopenten- 
one, and its 2:4-dinitrophenylhydrazone, 728. 
m-Methoxydiphenylmethyldimethylamine, and 
hydrochloride, 1097. 
Methoxyergostadienediol, and its benzoate, 305. 
4-Methoxy-6-ethoxy-o-cresol, 719. 
6-Methoxy-4-ethoxy-o-cresol, 822. 
Oa en 
6-Methoxy-4-ethoxy-3-methylbenzaldehyde, 2-hydr- 
oxy-, and its derivatives, 719. 
6-Methoxy-4-ethoxy-3-methylbenzoic acid, 2-hydroxy-, 
and its methyl ester, 718. 
a” iar hydroxy-, 


its 


6-Methoxy-2-ethoxy-4-methylquinoline, 301. 

6-Methoxy-4-ethoxy-o-toluidine, and its acetyl deriv- 
ative, 822. 

7-Methoxy-2-ethylchromons, 432. 

4’-Methoxyflavone, 6-hydroxy-, 1075. 
7-hydroxy-, 1386. 

8-Methoxyflavone, 5-hydroxy-, and its acetyl deriv- 
ative, 1623. 

4’-Methoxyflavylium chloride, 3’-nitro-3:5:7-trihydr- 
oxy-, and its 5-benzoyl derivative, 27. 

Methoxymalonic acid, derivatives of, 1627. 

7-Methoxy-1-(4’-methoxy-3’-hydroxybenzy!)-2-methyl- 
1:2:3:4-tetrahydrovsoquinoline, 6-hydroxy-, and its 
picrolonate, 281. 

7’-Methoxy-4-(7’’-methoxy-4’’-phenylcoumarin-3’’- 
acetoxy )naphtha(1:2:4’:3’ coumarin, 1471. 

4-Methoxy-3-methylacetophenone, 2:6-dihydroxy-, 
1178. 

6-Methoxy-3-methylacetophenone, 2:4-dihydroxy-, 
1178. 


alien 2:4-dihydroxy-, 
2-Methoxy-5-methyldiphenyl, 1404. 
7-Methoxy-3-methyl-2-ethylchromone, 433. 
Oe 
404. 
5-Methoxy-3-methyl-3-8-phenoxyethylindolenine, and 
its derivatives, 1476. 
1-Methoxy-4-methylphthalazine, and its picrate, 1333. 
1-Methoxy-3-methylphthalaz-4-one, 1334. 
2-Methoxy-4-methylquinoline, 8-chloro-, 301. 
6-Methoxy-4-methylquinoline, 2-hydroxy-, 1032. 
?7’-Methoxynaphtha(1:2:4’:3’) coumarin, 4-hydroxy-, 
and its acetyl derivative, 1470. 
5-Methoxyphenoxyacetic acid-2-acetonitrile, 491. 
5-Methoxyphenoxyacetic acid-2-resacetophenone, 491. 
5-Methoxyphenoxyacetic-2-pyruvic acid, 491. 
a-3-Methoxyphenoxypropionic acid, ethyl ester, 716. 


a-m-Methoxyphenyl-n-amyldimethylamine, and _ its 
hydrochloride, 1097. 
m-Methoxyphenyl-n-butylearbinol, 1097. 
and its 


a-m-Methoxyphenyl-n-butyldimethylamine, 
methiodide, 1097. 
7-Methoxy-4-phenylcoumarin-3-acetic acid, 1470. 
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7-Methoxy-4-phenyl-2-ethylbenzopyrylium salts, 432. 

m-Methoxyphenylethylcarbinol, 1094. 

7-Methoxy-4-phenyl-3- and -3’-methylbenzo-f-naphtha- 
sptropyrans, 432. 

7-Methoxy-4-phenyl-3-methyl-2-ethylbenzopyrylium 
perchlorate, 433. 

of ‘en eee 2:4-dihydroxy-, 

a-m-Methoxyphenylpropyldimethylamines, and their 
derivatives, 1094. 

7-(2-Methoxyphenylthio)-7’-acetoxystilbene, 7-5- 
chloro-, 1529. 

7- ( en 7-5-chloro-, 


1-Methoxyphthalazine, 4-hydroxy-, and its acetyl 
derivative, 1334. 

6-Methoxy-2-piperazino-4-methylquinoline, 301. 

6-Methoxy-2-piperidino-4-methylquinoline, 301. 

6-Methoxyquinoline, 5-nitro-, cuprichloride, 999. 

oe acid, methyl ester, alkylglycosides 
of, , 

at ‘creme acid, a-hydroxy-, derivatives of, 


7-Methoxy-2:8:4’:5’-tetramethyl-5:6-furano-(2’:3’)- 
chromone, 1178. 
Methoxytoluenes, thiol-, and their derivatives, 1377. 
———e acids, salts and derivatives 
of, ee 
4-Methoxy-o-toluidine, 6-nitro-, 441. 
2-Methoxy-p-toluidine, 5-nitro-, 1167. 
4-Methoxy-2:3:5-trimethylcoumarone, 6-hydroxy-,718. 
4-Methoxy-2:3:5-trimethylcoumarone-7-carboxylic 
acid, 6-hydroxy-, and its methy] ester, 718. 
Methyl alcohol, partial vapour pressure of, in aqueous 
solutions, 674. 
Methyl ether, compressibility of, 621. 
fluoride, compressibility of, 621. 
hyponitrite, parachor of, 309. 
iodide, addition of, to pyridine, 1237. 
s-Methyl sulphite, diclectric polarisation of benzene 
solutions of, 309. 
1-Methylacridone, 4-chloro-, 1372. 
1-O-Methylalizarin, O-hepta-acetyl derivative, 1168. 
a-Methyl-a’-n-amylglutaric acid, and its imide, 509. 
Methylaniline, nitrosation of, 510. 
Methyl-p-anisidine, 3:5-dinitro-, and 3:5-dinitro-N- 
nitroso-, 827. 
nitroso-, 271. 
2-Methylanthrone, 1-hydroxy-, 1519. 
Methyl-1:2-benzanthracenes, and 
1595. 
5-Methyl-1:2-benzanthraquinone, 1596. 
p-Methylbenzhydrylidene-a-phenylethylamine, 1502. 
e-5-Methylbenzoylhexoic acid, 2-hydroxy-, 234. 


their picrates, 


6-Methyl-8:9-benzquinoquinoline, and its  chloro- 
platinate, 391. 
Methylbutadienes, dipole moments and atomic 


polarisation of, 1297, 1302. 
£-Methyl-n-butane-aad-tricarboxylic acid, methy] ester, 
813. 


a-Methylbutyric acid, 8-chloro- a-hydroxy-, 805. 

7-Methylcarbamido-9-fluorenol-2-arsonic acid, and its 
sodium salt, 1457. 

at _incaaaataaaaaasaas aie, and its dipicrate, 

596. 

Methyldiethylsulphonium salts, 992. 

Methyl a-3:5-dimethoxy-2-methylphenoxyethyl ketone, 
and its semicarbazone, 718. 

Methyl a-3:5-dimethoxyphenoxyethyl ketone, and its 
semicarbazone, 717. 

5-Methyldiphenyl, 2-hydroxy-, 
derivative, 1404. 

tee acid, 5-chloro-, 


and its benzoyl 
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5-Methyldiphenyl-2’-carboxylic 
lactone, 1403. 
Methyldi-n-propyl picrate, 992. 
Methylene blue, derivatives of, 248. 
a-3:4-Methylenedioxybenzylidene-f-3:4-dimethoxy- 
benzoylpropionic acid, lactone, 1088. 
6:7-Methylenedioxy-4-ethoxy-2-methyltetrahydroiso- 
quinoline picrate, 279. 
6:7-Methylenedioxy-2-methyltetrahydroisoquinoline, 4- 
hydroxy-, picrate, 279. 
6:7-Methylenedioxy-4-phenyl-2-methyl-1:2-dihydroiso- 
quinoline, and its picrate, 278. 
Methylethylisobutylsulphonium iodide, 535. 
6-Methyl-2-ethylchromone, 1389. 
3-Methyl-2-ethyl-a-naphthachromone, 434. 
Methylethylpropylsulphonium picrates, 535. 
2-Methylisoflavone, 1461. 
a-Methylglucoside, 2:3-di-p-nitrobenzoyl and -di- 
benzoyl and 2:3-di-p-toluenesulphonyl! derivatives, 
1079. 
f-Methylglutaric acid, 
hydrolysis of, 815. 


acid, 2-hydroxy-, 


aB-dicyano-, ethyl ester, 


Methylglycosidodimethylammonium p-toluenesul- 
phonate, 226. 

f-Methylheptadiene-acy-tricarboxylic acid, methyl 
ester, 961. 


£-Methylheptane-aa7-tricarboxylic acid, methyl ester, 
961. 


a-Methyl-/rans-hexahydrohydrindene-2-acetic 
and its derivatives, 1487. 

a-Methyl-trans-hexahydrohydrindyl-2-acetone, and its 
oxime, 1487. 

a-Methyl-trans-hexahydroindene-2-acetic acid, and its 
derivatives, 1485. 

7-Methylhexahydroxanthone, 10:11-dichloro-, 235. 

5-Methylhexoic acids, 5- and y-bromo-, 576. 

a-Methyl-a-cyclohexylacetone, 1483. 

a-Methylcyclohexylideneacetone, and its semicarb- 
azones, 1482. 

2-Methylcyclohexylideneacetone, and its semicarb- 
azone, 1484. 

a-Methyl-a-3-hydroxy-5-methoxy-2-acetyl-4-methyl- 
phenoxyacetone, 1179. 

5-Methyl-2’-a-hydroxyisopropyldiphenyl, 2-hydroxy-, 
and its acetyl derivative, 1404. 

Methylmalonanilamide-p-arsonic acid, and its sodium 
salt, 1066. 

Methylmalonanilethylamide-p-arsonic acid, and its 
sodium salt, 1066. 

Methylmalonanilide-p-arsonic acid, 1066. 

Methylmalonanilide-pp’-diarsonic acid, 1067. 

Methylmalonanilomethylamide-p-arsonic acid, and its 
sodium salt, 1066. 

Methylmalonanilo-n-propylamide-p-arsonic acid, and 
its sodium salt, 1066. 

Methylmalonic acid, esters, 1065. 

Methyl a-3-methoxyphenoxyethyl ketone, and its 
semicarbazone, 717. 

1-Methylnaphthalene, and 1-chloro-, 485. 

2-Methylnaphthalene, 6:7-dihydroxy-, 86. 

a-Methyl-a’-[8-(a-naphthyl)ethyl] adipic acid, 1086. 

5-Methyl-2-8-(a-naphthyl)ethylcyclopentanol, 1086. 

5-Methyl-2-8-(a-naphthyl)ethylcyclopentanone, and 
its semicarbazone, 1086. 

Methyloctahydrophenanthrenes, 1084. 

2-Methylcyclopentanone-2:3-dicarboxylic acid, methyl 
ester, and its semicarbazone, 818. 

Se Seetcpratenspioteigheehenantinen, 


acid, 


Pe OP ena, and its picrate, 


Methyl-2-8-phenylethylcyclohexanols, 1083. 
2-Methyl-2-8-phenylethylcyclohexanone, and its semi- 
carbazone, 1084. 
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1-Methyl-2-8-phenylethylcyclopentanol, 1085. 
Methylphloracetophenone, and its triacetate, 443. 
Methylphloroglucinol, derivatives of, 437. 

a-diethyl ether, 821. 
Ww’ ‘eemeecesmorcere-sea acid, ethyl ester, 


4-Methylphthalazine, 1-hydroxy-, acetyl derivative, 
1334. 

3-Methylphthalaz-4-one, 1-hydroxy-, and its acetyl 
derivative, 1334 

B-Methyl-n-propane-aafyy-pentacarboxylic acid, 
methyl ester, 814. 

f-Methyl-n-propane-ayy-tricarboxylic acid, y-bromo-, 
ethyl ester, 815. 

SC, and its picrate, 


Methylisopropylisobutylsulphonium picrate, 536. 
1-Methyl-4-isopropylnaphthalene, 24. 

and its picrate, 130. 
ee neers OD Sa 


3-Methyl-5-(3-pyridyl)pyrazole, and its salts, 351. 
4-Methylquinoline, 2:8-dichloro-, and §8-chloro-2- 
hydroxy-, 301. 
4’-Methyl-2-stilbazole, 78. 
4’-Methyl-2-stilbazolealkine, 78. 
Methylsulphonylmethoxybenzoic acids, 1377. 
8-Methyl-6:7:15:16-tetrahydro-5:18:9:14-dibenzpyrido- 
colinium iodide, 2:3:11:12-tetrahydroxy-, 1585. 
Methylthiolmethoxybenzoic acids, 1378. 
Methylthiolmethoxytoluenes, 1377. 
Methyltri-sec.-butylphosphonium iodide, 1044. 
Oe) eeetaaticienetigtene) ef naghibaepireggeen, 


Methyltriisopropylphosphonium iodide, 1044. 

Methyltropacocaine, 1512. 

1-Methyl--tropine, and its derivatives, 1511. 

1-Methyltropinone, and its derivatives, 1511. 

O-Methylusnetic acid, 1178. 

O-Methylusnetol, 1179. 

O-Methylisousnetol, 1178. 

Michael reaction applied to triene esters, 960. 

Micro-organisms, formation of organo-metallic com- 
pounds by, 95. 

Molecular dissymmetry and physiological activity, 
1094. 


Molecules, long-chain, dipole moments of, 1567. 
— thermal decomposition of phosphine 
y, 586. 

Morinidin chloride, and its o- benzoyl derivative, 370. 
3:5:7-trimethyl ether, 290. 

Morphine group, synthesis in, 280. 

Muconic acid, ethyl ester, hydrogenation of, 885. 

Myristic acid, films of, on aqueous solutions, 1525. 


N 


Naphtha(1:2:4’:3’)coumarin, 4:7’-dihydroxy-, and its 
diacetyl derivative, 1470. 

Naphthadianthrone, 3:3’:4:4’-tetrahydroxy-, 
acetyl derivative, 1517. 

Naphthalene, 1-bromo- and 1-iodo-2:4-dinitro-, 1621. 
1:5- and 1:8-dinitro-, preparation of, pure, 1346. 

Naphthalenes, homologous, synthesis of, 434. 

2’:3’-Naphtha-1:2-pyrene, 403. 

2’:3’-Naphtha-1:2-pyrene-1’:4’-endo-a8-succinic 
hydride, 404. 

B-Naphthoic acid, d/-menthy] esters, 169, 173. 

a-Naphthol, 8-nitro-, 287. 

B-Naphthols, dinitro-, 288. 

a- and f-Naphthols, nitration of, 286. 


tetra- 


an- 





1-Naphthol-2:3-dimethylnaphthalenes, 1596. 
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B-Naphthol-l-sulphonic acid, reaction of diazosul- 

phonates from, 1067 
1-a-Naphthoyl-6-methyl-2-naphthaldehyde, 1596. 
B-Naphthyl 8-chloroethy] sulphide, chloro-, 48. 

1-disulphide, bromo-derivatives, 787. 

a- and f-Naphthyl f-chloroethyl sulphides and sul- 
—_ 47. 

B-hydroethy] sulphides and sulphones, 47. 
1-a-Naphthylacetyl-2-methyl-4'-cyclopentene, 1106. 
a-Naphthylamine, 2- and 4-nitro-, preparation of, 1205. 

5-nitro-, preparation of, 1346. 
a-Naphthylchloroacetic acid, ethyl esters, optically 

active, 713. 
r-a-Naphthylchloroacetic acid, and its (—) menthyl 

ester, 36. 
2-Naphthylene 1-thiolcarbonate, 6-bromo-, 787. 
B-1-Naphthylethyl alcohol, and its bromide, 1014. 
f-1-Naphthylethyl chloride and picrate, 1107. 
a-[B-(a-Naphthyl)ethyl] adipic acid, 1086. 

2-( B-1’-Naphthylethyl)cyclohexanone-2-carboxylic acid, 

ethyl ester, 1015. 
1-8-(1’-Naphthyl)ethylcyclopentanol, 1107. 
2-B-(a-Naphthyl)ethylcyclopentanol, 1086. 
2-8-(a-Naphthyl)ethylcyclopentanone, and its semi- 

carbazone, 1086. 
ee ne 1-cyclopentene, and its picrate, 


a-Naphthylglycollic acid, ethyl esters, optically active, 
replacement of hydroxyl by chlorine in, 705. 
(—) menthy] esters of, 32. 
a- and £-Naphthylidenebenzylamines, 41, 42. 


a- and f-Naphthylmethylamines, and their deriv- - 


atives, 41, 42. 
B-Naphthylisopropylamine, and its derivatives, 496. 
hydrochloride, action of heat on, 495. 
Nickel sulphate, equilibria of, with ammonium and 
sodium sulphates and water, 943. 
Nickel organic compounds :— 
Nickel carbonyl, dipole moment of, 652. 
4-isonitroso-1-phenyl-3-methyl-5-pyrazolone, 842. 
Nickel determination :— 
determination of, and its separation from copper, 
895. 
Nicotine, oxidation of, 350, 686. 
Niobium :— 
Niobates, reactions of, with organic acids, 419. 
Niobium separation :— 
separation of, from tantalum, 423. 
Nitration, 105. 
Nitratoaquotetramminochromic nitrate. See under 
Chromium bases. 
Nitratoaquotetramminocobaltic nitrate. See under 
Cobalt bases. 
—— dielectric polarisation of dioxan solutions 
of, 309. 
Nitroamines, aromatic, diazotisation of, 1620. 
Nitrogen monoxide, compressibility of, 621. 
dioxide (nitric oxide), action of, with carbon mon- 
oxide, 56. 
pentoxide, equilibrium of, with mercurous oxide and 
water, 1416. 
cee catalytic decomposition 
of, bs 
Nitrosoamines, dipole moments of, 1255. 
Nitroso-compounds, aromatic, liquid-solid equilibria 
between, 671. 
alloNorcholanic acids, chloro-, and their methy] ester, 
1411. 


O. 


Obituary notices :— 
Arthur Piper Adams, 1645. 
Walter Craven Ball, 1645. 
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Obituary notices :— 
Frederick William Fletcher, 1646. 
Henry Chapman Jones, 468. 
Sidney Alexander Kay, 1647. 
William Harrison Martindale, 1648. 
Scene tnenaadinns tent, 2 
omas ingham Porter, 1650. 
Alfred Rée, 471. 
Henry Lloyd Snape, 473. 
Charles Maddock Stuart, 469. 
Claude Metford Thompson, 474. 
John Watts, 1652. 
Octadecane, polymorphism of, 1348. 
Octadecyl alcohol, equilibria of, with hexadecyl and 
heptadecy] alcohols, 637. 
Octadecyl alcohols, 9:10-dihydroxy-, isomeric, 246. 
trans-Octahydronaphthyl-2-irans-B-decalone, and its 
derivatives, 1480. 
Octahydrophenanthrene, 1465. 
derivatives, synthesis of, 1463. 
B-Octanol, and its derivatives, optical rotation of, 376. 
n-Octoic acid, potassium salt, specific heat of aqueous 
solutions of, 551. 
Olefines, elimination of, from quaternary ammonium 
compounds, 523. 
Olefinic compounds, reactions of, 800, 962. 
Oleic acid, conductivity of mixtures of, with its 
potassium salt and water, 928. 
potassium hydrogen salt, anhydrous, 924. 
sodium salt, emulsions of, with water and benzene 
or tetrahydronaphthalene, 1214. 
Oleyl alcohol, oxidation of, 246. 
Optical activity and tautomerism, 1493. 
inversion, Walden’s, 705. 
in glucose series, 1076. 
superposition, 696. 
Optically active compounds, influence of solvents on 
rotation of, 760. 
Organic compounds, rotatory dispersion of, 788, 
951, 1179, 1444. 
substitution in, 1133. 
Organo-metallic compounds, formation of, by micro- 
organisms, 95. 
Ostwald Memorial Lecture, 316. 
Oxalatotetramminochromic salts, 522. 
Oxalatotetramminocobaltic nitrate, 518. 
Oxidation, electrolytic. See under Electrolytic. 
3:4-Oxido-3:4-diphenyl-5:5-dimethylcyclopentanone, 2- 
hydroxy-, 725. 
Oximes, isomerism of, 1037. 
homogeneous catalysis of stereoisomerism in, 1439. 
rearrangement of picry] ethers of, 806. 
co-ordination compounds of, 840. 
Oxy-f-amyrin, and its acetate, 1346. 
p-Oxyarsinoadipanilic acid, 92. 
p-Oxyarsinomethylmalonanilic acid, 1066. 
p-Oryarsinomethylmalonanilide, 1067. 
Oxygen, density of, and of carbon monoxide, 846. 
velocity of detonation of mixtures of, with carbon 
monoxide, 59. 


P. 


Palladium bases :— 
Tetramminopalladous chloride, crystal structure of, 
1092. 
Palladium compounds, co-ordination, structure of, 
89. 


Palladosulphines, 1294. 

Palmitic acid, sodium hydrogen salts, anhydrous, 920. 
Paraffins, preparation of, 346. 
Pentadienophenanthrene, 1110. 








cycloPentadienophenanthrene, 1087. 
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3:5:7:2’:4’-Pentamethoxyflavan, 290. 

3:3’:3”:3’’’:4’’’-Pentamethoxy-ppp-tetrabenzaldehyde, 
141. 

3:3’ 


:3’:3’:4’’’-Pentamethoxy-ppp-tetrabenzoic acid, 
141. 
y-2:3:4:5:6-Pentamethylpiperazine, and  1-nitroso-, 
and their salts and derivatives, 144. 
y-2:3:4:5:6-Pentamethylpiperazine-d-methylens- 
camphor, 144. 
O-Pentamethylrobinetin, 269. 
cycloPentan-1-ol-l-acetic acid, ethyl ester, and its 
hydrazide, 362. 
Pentane, ae-dibromo-, 1531. 
cycloPentane aldehyde, 362. 
cycloPentane-1:1-diacetic acid, thermal decomposition 
of, 1028. 
1:2-cycloPentano-1-methyltetrahydronaphthalene, 
1085. 
cycloPentanone-2:3-dicarboxylic acid, methyl ester, 
and its semicarbazone, 818. 
1:2-cycloPentanotetrahydronaphthalene, 1085. 
1:2-cycloPentanotetrahydrophenanthrene, 1086. 
trans-1:2-cycloPentanotetrahydrophenanthrene, and 
its picrate, 1108. 
4'-cycloPentene-1:2-dicarboxylic acid, ethyl esters, 
1632. 
A8-n-Pentenoic acid, 559. 
A- and 48-Pentenoic acids, lactones from, 577. 
cycloPentenones, hydroxy-, 720. 
1:2-cycloPentenophenanthrene, and its derivatives, 
1087, 1109. 
B-cycloPentylpropionic acid, B-hydroxy-, ethyl ester, 
and its hydrazide, 362. 
Phase volume theory, 1458. 
10-Phenacyl-10-benzyl-2-methyl-5:10-dihydrophenars- 
azonium hydroxide, and its salts, 1636. 
Phenacylhomopiperonylmethylamine, and its picrate, 
278. 
10-Phenacyl-2-methyl-10-»-propyl-5:10-dihydro- 
phenarsazonium bromide, 1636. 
Phenanthrene, equilibrium of, with anthracene, 650. 
Phenanthrene-9-aldehyde, and its oxime and semi- 
carbazone, 40. 
Phenanthrens-9-carboxylic acid, and its methyl 
esters, 40. 
9-Phenanthroyl chloride, 40. 
8-(Phenanthroyl)propionic acids, 1014. 
2-Phenanthryl bromomethyl ketone, 1013. 
y-(Phenanthryl)butyric acids, 1014. 
9-Phenanthrylidenebenzylamine, 40. 
9-Phenanthrylmethylamine, and its derivatives, 40. 
2-Phenetidino-6-ethoxylepidines, 1032. 
2-Phenetidinolepidines, 1032. 
2-Phenetidino-6-methoxylepidines, 1032. 
Phenol, vapour pressure and refractivity of mixtures 
of, with benzene, 1413. 
conductivities of mixtures of, with aniline, m-cresol 
and p-toluidine, 1032. 
action of chlorosulphonic acid on, at low tem- 
perature, 337. 
Phenol, m-bromo-, dibromination of, 1053. 
tribromo-, dibromonitro-, and tribromonitro-deriv- 
atives, 1054. 
p-nitro-, condensation of, with formaldehyde, 
6 


p-nitroso-, dipole moment of, 1255. 
Phenols, nitrosation of, 660. 

dihydric, depside esters of, 140. 
Phenoxide, o-chloro-, pyridine derivative, dissociation 

of, in benzene, 193. 
dissociation of, in p-chlorobenzene, 1431. 

Phenoxyacetic acid-2-acetonitrile, 492. 
Phenoxyacetic acid-2-resacetophenone, 492. 
f-Phenoxyethylamine, and its salts, 272. 





y-Phenoxy-a-methylbutaldehyde, and its 2:4-dinitro- 
phenylhydrazone, 1476. 
y-Phenoxy-a-methylbutyric acid, and its ethyl ester, 
and derivatives, 272. 
e-Phenoxy-y-methylpentane-88-dicarboxylic acid, 
ethyl ester, 1475. 
p-Phenoxyphenylditsopropylphosphine, and its meth- 
iodide, 1044. 
Phenyl »- butyl ether, m-nitro-, 661. 
B-chloroethyl sulphides, p-bromo-, p-chloro-, di- 
chloro-, 2:4:6-trichloro-, and p-iodo-, 46. 
B-chloroethy! sulphoxides, dichloro-, 47. 
B-hydroxyethyl sulphides, p-bromo-, p-chloro-, 
dichloro-, and 2:4:6-trichloro-, 46. 
2-hydroxy-1-naphthyl sulphoxide, 2-nitro-, and its 
acetyl derivative, 1493. 
4-hydroxy-m-tolyl sulphoxide, 2-nitro-, 1493. 
Phenylacetic acid, 8-naphthy] ester, 1462. 
pheny! ester, 1461. 
Phenylacetonitrile, 2-hydroxy-, 493. 
2-Phenylacetylenylpyridine, nitro-derivatives, 82. 
1-Phenylacetyl-4!-cyclohexene, 1106. 
1-Phenylacetyl-2-naphthol, 1452. 
Phenylamino-. See Anilino-. 
a-Phenyl-n-amyldimethylamine, a-m-hydroxy-, and 
its derivatives, 1097. 
Phenyl-tert.-amylnitrosoamine, and its p-toluene- 
sulphonyl derivative, 950. 
— acid (p-arsanilic acid), derivatives 
of, 91 
Phenylarsinic acid, p-amino-, derivatives of, 1064. 
Phenylarsono-\-methylenesulphurous acid, p-amino-, 
and 3-amino-4-hydroxy-, sodium salts, 1009. 
Phenylazo-. See Benzeneazo-. 
2-Phenylbenzopyrylium salts, preparation of, 1532. 
Phenylbenzylamines, and their derivatives, 43, 44. 
Phenylbenzylidenebenzylamines, 43, 44. 
Phenyl benzyl ketone, 2:4-dihydroxy-, 4-benzoyl 
derivative, 1388. 
Phenyl benzyl ketones, hydroxy-, and their 2:4- 
dinitrophenylhydrazones, 1461. 
a-Pheny!l-n-butyldimethylamine, m-hydroxy-, and its 
derivatives, 1097. 
Phenyl-iert.-butylnitrosoamine, 948. 
7-Phenylcarbamido-9-fluorenol-2-arsonic acid, and its 
sodium salt, 1457. 
1-Phenylcarbamy]-2:2:4-trimethyl-1:2-dihydroquinol- 
ine, 1328. 
9-Phenylearbazoles, 9-0- and p-nitro-, 1524, 1525. 
— ‘-BBB-trichloro-a-ethoxyethylureas, nitro-, 


Phenyl-f-chloroethyl sulphone, p-bromo- and p- 
chloro-, 46. 
p-nitro-, 48. 
N-Phenyl-N’-888-trichloro-a-hydroxyethylureas, 
nitro-, and their diacetyl derivatives, 31. 
N-Phenyl-N’-88£-trichloro-a-methoxyethylureas, 
nitro-, 32. 
Phenyl 5:8-dichloro-a-naphthyl ketone, 448. 
8(or 4)-Phenyl-4(or 3)-p-chlorophenyl-5:5-dimethyl- 
4°-cyclopentenone, 731. 
Phenyl-y-chloropropylsulphone, 48. 
4-Phenylcoumarin-3-acetic acid, 7-hydroxy-, and its 
ethyl ester, 1469. 
Phenyl-3:4-dihydrophthalazine-4-acetic acids, 1-hydr- 
oxyamino-, 1070. 
Phenyl-2:4-dimethoxyphenylmethylenesuccinic acid, 
esters, 1470. 
a-Phenyl-ay-dimethylcrotyl alcohol, 1497. 
4-Phenyl-3:3’-dimethyl-af-dinaphthaspiropyran, 434. 
4-Phenyl-af-dinaphthaspiropyran, 433. 
a-(8-Phenylethyl)adipic acid, 1084. 
3-Phenyl-4-ethylcoumarin, 7-hydroxy-, and its acetyl 
derivative, 1462. 
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2-8-Phenylethyl-1-ethylcyc/ohexanol, 1465. 

2-8-Phenylethyl-1-ethyl-4'-cyc/ohexene, 1465. 

1-8-Phenylethylcyc/ohexanol, 1107. 

f-Phenylethylcyclohexanols, and their derivatives, 
1464 


2-8-Phenylethylcyclohexanone, and its derivatives, 
1465. 


1-8-Phenylethylcyclohexene, and its derivatives, 1464. 
1-8-Phenylethyl-4'!-cyclohexene, 1107. 
a-Phenylethylidene-9-fluorenylamine, 1500. 
B-Phenylethylmethylethylsulphonium iodide, 535. 
2-8-Phenylethylcyclopentanol, 1085. 
2-8-Phenylethylcyclopentanone, and its semicarbazone, 
1084. 
2-8-Phenylethylcyclopentan-1-one-2-carboxylic 
ethyl ester, and its semicarbazone, 1084. 
a-(8-Phenylethyl)pimelic acid, 1083. 
B-Phenylethylpyridine, amino- and nitro-derivatives, 
81. 


acid, 


2-8-Phenylethylpyridine, nitration of, 79. 
B-Phenylethyltrimethylammonium hydroxide, 
B-p-nitro-, salts, 524. 
Phenylglyoxal, w-bromo-, and w-chloro-, bromo- 
phenylhydrazones of, 481. 
chloronitro- and nitro-phenylhydrazones, 1625. 
Phenyl-éert.-hexylnitrosoamine, 950. 
3-Phenyl-4-methoxymethylcoumarin, 7-hydroxy-, and 
its acetyl derivative, 1462. 
8-Phenyl-4-(4’-methoxystyryl)coumarin, 617. 
Oe a OD eee 


and 


9-Phenyl-10-methylacridinium erchiorate, and its 
nitration, 484. 
4-Phenyl-3’-methylbenzo-f-naphthaspiropyran, 433. 
4’-Phenyl-3’-methylbenzo-a-naphthaspiropyran, 434. 
2-Phenyl-3-methylbenzo-§-naphthylisospiropyran, 
1264. 
1-Phenyl-3-methylbenzthiazole, 
derivatives, 297. 
y-Phenyl-a-methylbutadiene, 1497. 
l-Phenylmethylearbinol, p-toluenesulphonic and p- 
toluenesulphinic esters, Walden inversion with, 
173. 
3-Phenyl-4-methylcoumarin, 617. 
3-Phenyi-4-methylcoumarin, 5:7-dihydroxy-, and its 
diacetyl derivative, 1461. 
4-Phenyl-3- and -3’-methyl-af-dinaphthaspiropyrans, 
433. 
3-Phenyl-4-(3’:4’-methylenedioxystyryl)coumarin, 617. 
3-Phenyl-4-(3’:4’-methylenedioxystyryl)1:2-a-naphtha- 
pyrone, 617. 
3-Phenyl-2-methylindanone, 1499. 
3-Phenyl-2-methylindenone, and its 2:4-dinitrophenyl- 
hydrazone, 1499. 
2-Phenyl-3-methylindoles, bromo-, 959. 
3-Phenyl-2-methyl-1:4-8a-naphthapyrone, 1462. 
8-Phenyl-a-methylpropionic acid, a-chloro-8-hydroxy-, 
965. 


2’-amino-, and _ its 


B-hydroxy-, and its ethyl ester, 965. 
1-Phenyl-3-methyl-5-pyrazolone, 4-isonitroso-, com- 
pounds of, with metals, 840. 
Phenylmethylselenetine salts, 127. 
Phenyl f-naphthyl ketone, m-chloro-, and its deriy- 
atives, 447. 
2-Phenyl-4-(3’:5’-dinitro-2’-hydroxybenzylidene)- 
oxazolone, 487. 
2-Phenyl-4-(3’:5’-dinitro-2’-methoxybenzylidene)- 
oxazolone, 487. 
5-Phenyl-4*-pentenoic acid, and y-hydroxy-, 966. 
1-Phenyl-3-(8-piperidinoethyl)-5-furylpyrazoline 
hydrochloride, 840. 
B-Phenylpropiolic acid, addition of iodine to, 424. 
8-Phenylpropionic acid, 8-hydroxy-, and its ethyl] 
ester, 964. 
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a-Phenylpropyldimethylamines, m-hydroxy-, and 
their derivatives, 1095. 
a-Phenyl-4*-propylene, B-chloro-, 965. 
Phenylpyridinium chloride, bromo-, chloro- and 


iodo-dinitro-derivatives, 313. 
3-Phenyl-4-styrylcoumarin, and its dibromide, 617. 
3-Phenyl-4-styryl-1:2-a-naphthapyrone, 617. 
Phenylsulphonylethylsulphonylethylthiomethane, 308. 
w-Phenylthioacetophenone phenylmercaptol, 1529. 
7-Phenylthiodeoxybenzoin, 1529. 
— 7’-hydroxy-, 7-acetyl derivative, 

529. 
y-Phenyl-m-tolylacetonitrile, 335. 
5-Phenylvaleric acid, a-chloro-8-hydroxy-, and f- 

hydroxy-, 966. 
5-Phenylvalerolactones, chlorohydroxy-, 967, 968. 
9-Phenylxanthenol, 9-p-chloro- and 9-p-nitro-, 484. 
9-Phenylxanthylium perchlorate, nitration of, and 

9-p-chloro-, 482. 

Phloracetophenone, w-hydroxy-, 369. 

Phloridzin, glucose from, 1171. 

Phosphates. See under Phosphorus. 

Phosphine. See Phosphorus trihydride. 

Phosphines, tertiary, 1043. 

Phosphonium chlorides, thermal decomposition of, 989. 

ethoxides, thermal decomposition of, 531. 
Phosphorus trihydride, thermal decomposition of, by 

tungsten and molybdenum, 586. 
—" as drying agent for hydrogen chloride, 
539. 

Phosphates, 854, 871, 877. 

Hypophosphoric acid, formula of, 48. 

Photochemical processes, primary, 119, 1533. 

— 1:4-dihydroxy-, diacetyl derivative, 
5. 

Phthalazine series, tautomerism in, 1331. 

Phthalic acid, 3-chloro-, 1533, 1643. 

y-Phthalimido-a-methylbutaldehyde, and its 2:4-di- 

nitrophenylhydrazone, 1477. 
y-Phthalimido-a-methylbutyramide, 1477. 
y-Phthalimido-a-methylbutyronitrile, 1477. 
Phthalobenzhydrylimide, 1501. 
Phthalo-3-diphenylmethylimide, 44. 

Phthalo-a- and -8-naphthylmethylimides, 41, 42. 
Phthalyl bromide, tautomerism of, 1309. 

fluoride, 15. 

Physiological activity and molecular dissymmetry, 

1094. 

Physostigmine. See Eserine. 

2-Picoline, reaction of, with aromatic aldehydes, 77. 
Picratoaquotetramminochromic picrate, 522. 
Picratoaquotetramminocobaltic picrate, 519. 
apo¥icropodophyllic acid, 85. 

a- and f-apoPicropodophyllins, 85. 
N-Picrylacetanilide, p-chloro-, 811. 
2-Piperazino-4-methylquinoline, 8-chloro-, 301. 
4-Piperidinoacridone, 1-nitro-, 1372. 
Piperidinocupric diphenol, 1230. 
2-Piperidino-p-cymene, 3:5-dinitro-, 980. 
1-Piperidino-5-furyl-4‘-penten-3-one hydrochloride, 

and its phenylhydrazone, 840. 
2-Piperidino-4-methylquinoline, 8-chloro-, 301. 
a-Piperidino-f-(2:4-dinitrophenyl)ethane picrate, 302. 
Piperonylethyl-p-toluenesulphonamide, 278. 
a-Piperonylidene-f-3:4-dimethoxybenzoylpropionic 

acid, lactone, 1088. 
Piperonylmethylenedioxynaphthalene, tribromo-, and 

nitro-, 1531. 

Platinum, energy of catalysis on, 502. 
Platinum bases (platinammines), 1056. 

chelated, 1335. 

Diamminoplatinic tetrachlorides, 1093. 

ee chloride, crystal structure of, 
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Platinum compounds, co-ordination, structure of, 
1089 


Platinic chloride, action of sodium hydroxide on, 
in solution, 1429. 
Platosulphines, 1294. 
Podophyllomerol, 86. 
Podophyllomeronic acid, 85. 
Podophyllotoxin, 83. 
Polar reactions. See under Reactions. 
Polarisation, dielectric, 87, 309, 1252. 
electric, coefficients of, and their interpretation, 
1341. 
Polydepsides, 140. 
Polyhalides, 181. 
Potassium dibromoiodide, action of ozone on, 183. 
hydroxide, action of, with alkyl halides in ethyl 
alcohol, 258. 
mercuri-iodide, action of ammonia on, 1045. 
nitrate, equilibrium of, with ammonium and lead 
nitrates, 199. 
with barium and calcium nitrates, 236. 
sulphite, electrolytic reduction of, to dithionate, 
829. 


Potassium organic compounds :— 

Potassium di-4-isonitroso-1-phenyl-3-methyl-5-pyr- 
azolone, 841. 

Potential, determination of, with glass electrodes, 
1200. 

Pratol. See 4’-Methoxyflavone, 7-hydroxy-. 

Priestley, Joseph, bicentenary of, 896. 

Primetin, attempted synthesis of, 1621. 

Primeverin, 1618. 

Propane, ignition of mixtures of, with air, 1240. 

n-Propane-acf-tricarboxylic acid, methyl ester and 
amides, and bromo-, and f-iodo-, methyl esters, 
813. 

A*.Propene-acf-tricarboxylic acid, amide and methyl 
ester, 813 

7-isoPropenyl-1:2-benzanthracene, dimeride of, 1410. 

Propionic acid, B-iodo-, ethyl ester, preparation of, 
216. 


2-Propionoacetyl-4-methylphenol, 1388. 

3-Propionyl-2:6-dimethylchromone, 1389. 

n-Propyl alcohol, partial vapour pressure of, in 
aqueous solutions, 674. 

Propyl alcohol, diiodo-, formation of, from allyl 
alcohol, 1323. 

Propy]l selenite, 393. 

Propylaminocupric diphenol, 1230. _ 

y-isoPropyl-y-butyrolactone, preparation of, 584. 

n-Propyldi-n-butylsulphonium salts, 993. 

2’-isoPropyldiphenyl, 2-hydroxy-2’-a-hydroxy-, 1403. 

Propylene, ignition of mixtures of, with air, 1240. 

Protosinomenine, and its picrolonate, 280. 

Prototropy in cyclic systems, 720. 

Purine nucleosides, constitution of, 662. 

isospiroPyrans, 1264. 

1-Pyrenoyl-o-benzoic acid, 403. 

f-1-Pyrenoylpropionic acid, and its ethyl ester and 
semicarbazone, 402. 

y-1-Pyrenylbutyric acid, and its lactone, 402. 

Pyridine, additive compounds of, 313. 
addition of methyl iodide to, 1237. 
compounds of, with triphenylmethy] halides, 76. 
o-chlorophenoxide, dissociation of, in benzene, 193. 

in p-dichlorobenzene, 1431. 

Pyridinoplatinous chloride, a-hydroxylamino-, 1058. 

5-(3-Pyridyl)pyrazole, and its salts, and its 3-carboxylic 
acid, 350. 

5-(3-Pyridyl)pyrazole, 4-bromo-3-nitro-, 3-iodo-, and 

3- and 4-nitro-, and their derivatives, 686. 

4-nitro-, from oxidation of nicotine, 350. 

Pyrocatechol bis-(3’:4’-dimethoxy-p-dibenzoy]) ether, 
141. 


Pyrones, and thio-, dielectric polarisation of benzene 
solutions of, 87. 

Pyrousnic acid, 1173. 

Pyrrole, dipole moment of, 1259. 

Pyrylium salts, synthesis of, 370. 
halogeno-, preparation of, 1532. 


Q. 


Quebrachine. See Yohimbine. 
Quinaldine cuprichloride, 999. 
Quinaldine, 4-chloro-, condensation of, with anthr- 
anilic acid, 390. 
Quinene cuprichloride, 999. 
Quinidine cuprichloride, 999. 
Quinine cuprichloride, 999. 
Quinol bis-(3:4”-dimethoxy-pp-tribenzoyl) ether, 142. 
bis-(4’-methoxy-p-dibenzoyl), -(3’:4’-dimethoxy-p- 
dibenzoyl), and -(3:3’:4’-trimethoxy-p-dibenzoy]) 
ethers, 141. 
Quinoline derivatives, 1087. 
cuprichloride, 999. 


Radium, effect of emission from, on decomposition 
of solids, 1398. 
Reactions, mechanism of, 1357. 
aromatic, in relation to electronic theory of organic 
reactions, 1120. 
bimolecular, in solution, 1237. 
elimination, influence of poles and polar linkings on, 
a" 68, 69, 75, 523, 526, 531, 533, 989, 991, 
organic, electronic theory of, 1120. 
polar, electrostatic factors operating in, 1551. 
—e influence of nuclear substituents on, 
1248. 
Reactivity of adjacent atoms or groups, influence of 
sulphur atoms on, 261. 
Reformatsky reaction, 362, 827. 
Reimer-Tiemann reaction, 496. 
Report of the Council, 451. 
Resacetophenone, acyl derivatives of, 1384. 
— w-hydroxy-, and its derivatives, 


Resinols, 1345. 
Resorcinol bis-(4’-methoxy-p-dibenzoyl) and -(3’:4’- 
dimethoxy-p-dibenzoy]) ethers, 141. 
n-butyl ethers, nitroso-, 661. 
Reychler’s acid, constitution of, 823. 
Rhodamine-B, blue sodium salt of, 1264. 
Rings, chelate, replacement of dialkylthallium by 
trimethylplatinum in, 21. 
Robinetin, and its penta-acetyl derivative, 269. 
Robinia pseudacacia, colouring matter from, 268. 
Rotation of optically active compounds, influence of 
solvents on, 760. 
Rotatory dispersion. See under Dispersion. 
Rotenone, and its derivatives, 489, 1163. 
Ruberythric acid, 1167. 
Robidium organic compounds :— 
Rubidium di-4-isonitroso-1-phenyl-3-methyl-5-pyr- 
azolone, 842. 


S. 
~<a condensation of, with benzoylacetone, 
197. 


diphenylacetal, 498. 





Salicylaldehyde, dinitro-, and its derivatives, 486. 








mn narnrn mM 


ai ae ih Ga 









thr- 


42, 


yl) 


ic 








Salicylaldoxime, use of, in separation of copper and 
nickel, 895. 
Salicylic acid, 3-bromo- and 3-chloro-5-nitro-, 700. 
Salts, conductivity of, in non-aqueous solvents, 645. 
o“* reaction, prevention of diaryl formation 
in, b 
Selachyl alcohol, constitution of, 165. 
Selenium, dehydrogenation with, as method of 
determining ring structure, 352. 
Selenium dioxide as oxidising agent, 391. 
action of, on bile acids and sterols, 387. 
Selenophen, preparation of, 1644. 
1:4-Selenothian, 1529. 
Selenoxan, physical constants of, 1530. 
Silicon organic compounds, 1040. 
Silver nitrate and oxide, constitution of ammoniacal 
solutions of, 1050. 
thiosulphate, equilibrium of, with sodium thio- 
sulphate and water, 1423. 
Soaps, acid, phase-rule equilibria of, 920, 924. 
Sodium carbonate, equilibrium of, with calcium 
carbonate and water, 1160. 
hydroxide, action of, on platinic chloride in solution, 
1429. 
orthophosphates, complex, 877. 
rhodiochloride dihydrate, 417. 
sulphate, equilibria of, with cobalt and _ nickel 
sulphates and water, 943. 
thiostannates, 1580. 
thiosulphate, equilibrium of, with silver thiosul- 
phate and water, 1423. 
reaction of, with ethyl iodide, 1576. 
Sodium organic compounds :— 
Sodium  di-4-isonitroso-1-phenyl-3-methyl-5-pyr- 
azolone, 841. 
Solids, effect of emission from radium on decom- 
position of, 1398. 
thermal decomposition of, 1393. 
Solubility of aliphatic alcohols in water, 674. 
Solutions, binary, theory of, 674. 
Solvents, action of, 376, 1217. 
specificity of, in electrolytic dissociation, 1360. 
Sorbic acid, catalytic hydrogenation of, 696, 885. 
Sparteine, structure of, 644. 
l-Sparteine perchlorate, 510. 
Stereochemistry in relation to physics, 1366. 
Sterols, structure of, and bile acids, 626. 
action of selenium dioxide on, 387. 
compounds related to, 607, 1081, 1098. 
Sterol group, 302, 1410. 
Stigmasterol, structure of, 635. 
2-Stilbazole, mono- and di-nitro-derivatives, 82. 
2-nitro-, nitrate, 78. 
2-Stilbazolealkine, 3’-nitro-, 78. 
Strychnine, 486. 
Strycholamide, dinitro-, synthesis of, 486. 
Styphnic acid, lead salt, thermal decomposition of, 
1397. 


4-Styrylcoumarin, 617. 
Styrylpyrylium salts, 430, 1263. 
Styrylquinoline, 3’:5’-dinitro-, 315. 
Substance, C,H,,N,Cl,Pt, from tetramethylenediamine 
and potassium chlicroplatinite, 1341. 
C;H,,N,Cl,Pt from pentamethylenediamine and 
potassium chloroplatinite, 1341. 
C,,.H,O,N, and its derivatives, from degradation 
of Héchst Yellow R., 1000. 
C.,H,,0;N, from autocondensation of amino- 
veratroylpropionic acid, 1469. 
Substitution in compounds with two or more phenyl 
groups, 968. 
in organic compounds, 1133. 
nuclear, influence of, on side-chain reactions, 1248. 
Succinanil-p-arsonic acid, 93. 
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Succinic acid, a-phenylcrotyl esters, 1498. 
Succinic acids, dschloro-, decomposition of, 1260. 
Sugars, aldehydic, rotatory dispersion and circular 
dichroism of, 1179. 
Sulphamide, complex metallic salts of, 412. 
5-Sulpho-3-aminobenzoic acid, 1374. 
Sulpharsphenamine. See Sulphosalvarsan. 
5-Sulpho-3-diazobenzoic acid, 1374. 
5-Sulpho-3-hydroxybenzoic acid, and its salts, 1373. 
5-Sulpho-3-methoxybenzoic acid, and its salts, 1374. 
Sulphomethoxybenzoic acids, and their salts, 1378. 
Sulphonium compounds, elimination of the tert.- 
butyl group from, 1571. 
5-Sulpho-3-nitrobenzoic acid, and its salts, 1373. 
Sulphonium hydroxides, thermal decomposition of, 
533, 991. ; 
Sulphosalvarsan (sulpharsphenamine), constitution 
of, 1003. 
Sulphur atoms, influence of, on reactivity of adjacent 
atoms or groups, 261. 
mobility of groups containing, 306. 
colloidal, sols, ionic interchange in, 1022. 
action of, on o-toluidine, 296. 
Sulphur chlorides, analysis of, 1547. 
dioxide, compressibility of, 621. 
Dithionates, formation of, from electrolytic reduc- 
tion of sulphites, 829. 
determination of, volumetrically, 5. 
Surface tension, measurement of, 1449. 
Systems, cyclic, anionotropy and prototropy in, 
720. 


Tantalum :— 

Tantalic acid, 419. 
Tantalum separation :— 

separation of, from niobium, 423. 
Tar, coal, cancer-producing hydrocarbon from, 395. 
Tartaric acid, synthesis of, 45. 

thorium salt, alkaline solutions of, 5. 

ethyl ester, rotation of, 1217. 

nitrobenzyl esters, and their derivatives, rotation 

dispersion of, 760. 

Tartronic acid, preparation of, 643. 
Tautomerisation and optical activity, 1493. 

in relation to electronic theory of organic reactions, 

1120. 
prototropic, 37. 
effect of nuclear halogen substitution on, 1117. 
in carbonyl compounds, 217, 220, 890. 

Tellurophen, attempted preparation of, 1644. 
Tephrosic acid, structure of, 1163. 
Terephthalyl bromide, 1313. 
3-Tetra-aceto-p-glucosido-4-methylglyoxaline, and its 

methiodide, 665. 
ee and its reactions, 

66. 


Tetrahydroanagyrine, and its perchlorate, 509. 

1:2:3:10-Tetrahydrocarbazole, 10-hydroxy-, 299. 

Tetrahydroderrisic acid, 1165. 

Tetrahydronaphthalene, emulsions containing, 1214. 

Tetrahydropentindole, 9:10-dihydroxy-, and its deriv- 
atives, 300. 

1:2:3:4-Tetrahydrophenanthrene, 4-hydroxy-, 404. 

4*-Tetrahydroisophthalic acid, and its ethyl ester, 
1630. 

Al. and 4?-Tetrahydrophthalic acids, and their ethyl 
esters, 1633. 

Tetrahydrotubanol, 1164. 

1:2:3:4-Tetrahydroxanthone, reactions of, 232. 

Tetrahydroxanthone, 7-amino-, 7-bromo-, dibromo-, 

7-chloro- and 7-nitro-, 233. 
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3:4:4’:6’-Tetramethoxybenzylideneacetophenone, 2’- 
hydroxy-, 290. 

2:3:8:9-Tetramethoxy-5:6:11:12-dibenzperylene-4:10- 
quinone, 1519. 

3:4:3’:4’-Tetramethoxydiphenic acid, ethyl ester, 1624. 

3:3':4’:5’-Tetramethoxyflavone, 7-hydroxy-, and its 
acetyl derivative, 269. 

3:3’:4:4’-Tetramethoxyhelianthrone, 1518. 

4:5:6:4’-Tetramethoxy-3-phenylcoumarone, 375. 

3:4:4’:6’-Tetramethoxy-f-phenylpropiophenone, 2’- 
hydroxy-, 290. 

2:3:11:12-Tetramethoxy-6:7:15:16-tetrahydro- 
5:18:9:14-dibenzpyridocoline methiodide, 1585. 

3:3’:3’:4”-Tetramethoxy-pp-tribenzaldehyde, 141. 

3:3':3”:4’’-Tetramethoxy-pp-tribenzoic acid, and its 
chloride, 141. 

Tetramethylammonium salts, conductivity of, in 
ethyl and methyl alcohols, 1207. 

Tetramethylascorbic acid, 1287. 

a- and £-Tetramethyldiethylferrocyanogen mercuri- 
iodides, 103. 

3:3’-Tetramethylenedi-f-naphthaspiropyran, 434. 

C > ween acid, methy] ester, synthesis 
of, 493. 

2:3:4:6-Tetramethyl a-methylaltrose, 1080. 

2:3:5:6-Tetramethylpiperazines, stereoisomeric, and 
their derivatives, 143. 

Tetraphenylsilicane, preparation of, 1043. 

Thallium compounds, applications of, in organic 
chemistry, 21. 

Thallium organic compounds :— 
Thallium diphenol, 1229. 

4-isonitroso-1-phenyl-3-methyl-5-pyrazolone, 842. 

Theobromine methochloride, 668. 

Theophylline /-arabinoside, structure of, 640. 

Theophylline, nitro-, 642. 

Thio-ketones, dielectric polarisation of benzene 
solutions of, 87. 

Thiostannates. See under Tin. 

— dielectric polarisation in dioxan solutions 
of, 87. 

Thioxan, physical constants of, 1530. 

Tin :— 
Thiostannates, 1580. 

Toluene, 2:3-dinitro-, lability of the 2-nitro-group in, 
500 


p-Toluenesulphonic acid, 4-nitro-o-tolyl ester, and 
o-nitro-, 4:5-dinitro-o-tolyl ester, 1166. 
Toluene-4-sulphonic acid, o-nitro-, salts of, 1377. 
2-p-Toluenesulphonyl f-benzylglucoside, and its tri- 
acetyl derivative, 225. 
2-p-Toluenesulphonyl f-methylglucoside, 225. 
2-p-Toluenesulphonyl 3:4:6-triacetyl glucosidopyridin- 
ium p-toluenesulphonate, 225. 
o-Toluidine, action of, with sulphur, 296. 
p-Toluidine, conductivity of mixtures of, with 
phenol, 1032. 
p-Toluo-2:4:6-trinitro-m-tolyl-p-toluidide, 811. 
p-Toluo-\ -picryl-p-toluidide, 811. 
B-m-Tolylaminoisobutyl methyl ketone, nitroso-, 366. 
N-Tolyl-N’-888-trichloro-a-ethoxyureas, 31. 
N-Tolyl-N’-888-trichloro-a-hydroxyethylureas, and 
their diacetyl derivatives, 31. 
N-Tolyl-N’-888-trichloro-a-methoxyethylureas, 31. 
r-o- and -m-Tolyldeoxybenzoins, 335. 
o-Tolyl-3:4-dihydrophthalazine-4-acetic acid, 1- 
hydroxy-4’-amino-, 1070. 
o- and m-Tolyl diphenylmethyl! ketones, 335. 
Tolylhydrobenzoins, dehydration of a-forms of, 332. 
Tomatoes, colouring matter of stems of, 1528. 
3:4:6-Triacetyl 8-benzylglucoside, 225. 
Tri-sec.-butylphosphine, 1044. 
Tricarbocyanines, 189. 
Tricin, synthesis of, 1644. 





Triethylarsonium picrate, hydroxy-, 100. 
Triethylphosphine, oxidation of, 1231. 
Triethylsulphonium salts, 992. 
1:2:3-Triketo-l-phenylbutane, 4-mono- and 4:4-di- 
bromo-, bromophenylhydrazones of, 481. 
nitrophenylhydrazones, 1626. 
afy-Triketo-y-phenyl-n-butyric acid, and its esters, 
nitrophenylhydrazones, 1626. 
2:4:6-Trimethoxybenzoic acid, methy] ester, 612. 
2:4:4’-Trimethoxybenzylideneacetophenone, 2’-hydr- 
oxy-, 290. 
5:5’:6’-Trimethoxy-4-carbethoxy-2:3(3’:2’ )-indeno- 
acerca, chloride, 7-hydroxy-, colour base of, 
ll. 


7:3':4’-Trimethoxyflavanone, 3-chloro-, 290. 

3’:4’:5’-Trimethoxyflavone, and 6-hydroxy-, 1075. 

5:7:4-Trimethoxyflavylium perchlorate, 3’-amino-3- 
hydroxy-, 27. 

a ~“taeaaanaenenameas acid, methyl ester, 


4:6:4’-Trimethoxy-3-methylchalkone, 2-hydroxy-, 443. 
5:7:4’-Trimethoxy-8-methylflavanone, 444. 
5:7:4’-Trimethoxy-8-methylflavylium ferrichloride, 442. 
3:4:5-Trimethoxyphenacyl bromide, 375. 
3:4:5-Trimethoxyphenyl p-methoxyphenacyl ether, 
and its cyanohydrin, 375. 
3:4:5-trimethoxyphenacy] ether, 375. 
2:4:2’-Trimethoxy-f-phenylpropiophenone, 289. 
Trimethoxy /-threonamide, 1285. 
Trimethylamine, compounds of, with triphenyl- 
methyl] halides, 76. 
Trimethylarsine, and its salts, 95, 99. 
Trimethylarsonium salts, hydroxy-, 99. 
2:3:7-Trimethylcoumarone-5-carboxylic acid, 4:6-di-, 
hydroxy-, methyl ester, and its picrate, 720. 
2:2:5’-Trimethyldibenzopyran, 1404. 
2:2:4-Trimethyl-1:2-dihydroquinoline, and its acetyl 
derivative, and chloro-derivatives, 1328. 
Trimethylenediaminoplatinic chlorides, 1339. 
8-Trimethylenediaminoplatinous chlorides, 1339. 
= and 2:3:6-Trimethyl glucose, preparation of, 
7. 
2:4:6-Trimethylphenyldimethylarsine, and its deriv- 
atives, 1592. 
Trimethylphloridzin, and its O-tetra-acetyl derivative, 
1172. 
(Trimethylplatini)acetoacetic acid, ethyl ester, 22. 
Trimethylplatinum chloride and iodide, 1294. 
Trimethylplatinum benzoylacetone, 22. 
Trimethylplatinum dipropionylmethane, 22. 
1:5:8-Trimethyl-1:2:3:4-tetrahydro-1-naphthol, 436. 
2:2:4-Trimethyl-1:2:3:4-tetrahydroquinoline,  3:4:6:8- 
tetrabromo-, 1329. 
Trimethyltheophylline arabinoside, 641. 
Trimethyl /-threonic acid, amide and methyl ester, 
1284. 
Triphenylenecarboxylic acid, and its methy] ester, 404. 
aaf-Triphenylethyldimethylamine, and its salts, 74. 
aaf-Triphenylethylene, 8-bromo-, 74. 
aaf-Triphenylethyltrimethylammonium salts, 74. 
Triphenylmethane, phosphorus derivatives, 776. 
Triphenylmethyl halides, action of tertiary amines 
on, 75. 
Triphenylmethyldichlorophosphine, 783. 
a -- cen eee acid, ethylester, 
i. 


6-Triphenylmethyl-2:3-dimethyl a-methylglucoside, 
and its derivatives, 638. 

Triphenylmethylhydrogenphosphonic acid, esters, 783. 

Triphenylmethylphosphonic acid, methy] esters, 781. 

Triphenylmethylpyrophosphonic acid, and its silver 
salt and esters, 784. 

Tritsopropylphosphine, 1044. 

Tri-n-propylsulphonium salts, 992. 
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Tripyridinoplatinous chloroplatinite, a-hydroxyl- 
amino-, 1059. 

Trisethylsulphonylmethane, 308. 

Tris-(3:3’:3”:4’’-tetramethoxy-pp-tribenzoyl)2:3:4-tri- 
hydroxybenzaldehyde, 142. 

Tropane, aromatic derivatives of, 553. 

Tungsten, thermal decomposition of phosphine by, 
586. 


U. 


Unsaturated compounds, surface films of, 338. 
catalytic hydrogenation of, 687. 
conjugated, addition to, 885. 

Ureas, dielectric polarisation in dioxan solutions of, 
87 


Usneol, 714. 

Usnetic acid, 1173. 
Usnetinic acid, 1177. 
Usnetol, 1173. 

Usnic acid, 437, 714, 1173. 


V. 


5-n-Valerolactone, preparation of, 583. 
Vanadium :— 
Vanadates, precipitation of, 512. 
Vanadium determination :— 
determination of, 512. 
Vanillylethylamines, 278. 
— and its p-toluenesulphonamide, 
78. 
Velocity of reaction in solution, 258. 
Veratroylacetoacetic acid, ethyl ester, 1471. 
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aa-Veratroylacetylsuccinic acid, ethyl ester, 1471. 

4-Veratroylcoumarin-3-acetic acid, 7-hydroxy-, ethyl 
ester, 1471. 

a-Veratrylidene-§-3:4-dimethoxybenzoylpropionic acid, 
a-6-nitro-, lactone, 1088. 

Vinylacetic acid, dissociation constant of, 734. 

1-Vinylacetylene, 2-iodo-, synthesis and properties of, 
741. 


B-Vinylacrylic acid, hydrogenation of, 885. 


w. 


Walden inversion, 705, 1076. 

Water vapour, specific heat of, at high temperatures, 
882. 

Water-gas. See under Gas. 


X. 


Xanthosine, preparation of, from guanosine, 667. 
y-o-Xylyl-n-butyric acid, 436. 


¥. 
Yohimbine, 614. 


Z. 


Zine sulphate, equilibrium of, with ammonium 
sulphate and water, 943. 
Zine organic compounds :— 
Zinc diethyl, oxidation of, 756. 
dimethyl, oxidation of, 746. 
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Tue following index of —_ compounds of known empirical formula is arranged according to Richter’s 
system (see Lexikon der Kohlenstoff-Verbindungen). 
The elements are given in the order C, H, O, N, Cl, Br, I, F, 8, P, and the remainder alphabetically. 
The compounds are arranged— 
Firstly, in groups according to the number of carbon atoms (thus C, group, C, group, etc.). 
Secondly, according to the number of other elements besides carbon contained in the molecule (thus 
5 IV indicates that the molecule contains five carbon atoms and four other elements). 
Thirdly, according to the nature of the elements present in the molecule (given in the above order). 
ae a according to the number of atoms of each single element (except carbon) present in the 
molecule. 












Salts are placed with the compounds from which they are derived. The chlorides, bromides, iodides, 
and cyanides of quaternary ammonium bases, however, are registered as group-substances. 










C, Group. 
CH, Methane, speed of flame in mixtures of air and, 546; explosions of, with air, 758. 


CO Carbon monoxide, density of, 846; flame phenomena of, 972; action of, with nitric oxide, 56. 
CO, Carbon dioxide, compressibility of, 621. 
1 


CHN Hydrocyanic acid, potassium salt, action of, with platinic chloride, 1429. 
CH,O Formaldehyde, polymerisation of, 1193; condensation of, with p-nitrophenol, 699. 
2 Diazomethane, preparation of, 363 ; absorption spectrum and photochemical decomposition of, 119. 
CH,I Methyl iodide, addition of, to pyridine, 1237. 
CH,F Methyl fluoride, compressibility of, 621. 
CH,O Methyl alcohol, partial vapour pressure of, in aqueous solutions, 674. 
COS Carbonyl sulphide, oxidation of, 145, 208. - 


CHON Fulminic acid, mercury salt, thermal decomposition of, 1397, 1400. 


























C, Group. 
C.H, Ethylene, compressibility of, 621; ignition of mixtures of, with air, 1240. 
C.H, Ethane, ignition of mixtures of, with air, 1240. 
C,I, Di-iodoacetylene, dipole moment of, 652. . 
pa 


C.H,O Keten, absorption spectrum and photochemical decomposition of, 1533. 
C.H,O Acetaldehyde, effect of, on conductivity of electrolytes in ethyl alcohol, 658. 
C.H,O, Acetic acid, dissociation constant of, 313, 734, 1637. 
C,H,Cl, Ethylene dichloride, dielectric constant of, 773. 
C,H,I, trans-Di-iodoethylene, vapour pressure of, 430. 
C,H,I Ethyl iodide, reaction of, with sodium thiosulphate, 1576. 
C,H,O Dimethyl ether, compressibility of, 621. 
Ethyl alcohol, effect of acetaldehyde on conductivity in, 658. 
Zinc dimethyl, oxidation of, 746. om 


C,HOCI, Chloral, condensation of, with nitrophenyl- and tolyl-ureas, 30. 

C,H,0,.Br Bromoacetic acid, and its salts, elimination of bromine from, 1133. 
2 IV 

C.H,,0,N,Co Oxalatotetramminocobaltic nitrate, 518. 


C; Group. 
C,H, Propylene, ignition of mixtures of, with air, 1240. 
C,H, Propane, ignition of mixtures of, with air, 1240. 
3 II 


C,H,O Allyl alcohol, reaction of, with iodine, 1323. 
C,;H,O n-Propyl alcohol, partial vapour pressure of, in aqueous solutions, 674. 
Cc Trimethylarsine, and its salts, 99. 
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C,H,OI, Di-iodopropyl alcohol, formation of, from allyl alcohol, 1323. 
C Trimethylplatinum chloride, 1294. 
C,H,,0.As Hydroxytrimethylarsonium hydroxide, salts of, 99. 


3 IV 


C,H, .N.C1,Pt 8-Trimethylenediaminoplatinous chloride, 1339. 

C,H,,.N.Cl,Pt Trimethylenediaminoplatinic chloride, 1339. 

C,H,,N,Cl.Pt §-Amminotrimethylenediaminoplatinous chloride, 1340. 
3H,,0,N,Co Malonatotetramminocobaltic nitrate, 518. 

C,H,,N,C1,Pt §-Amminotrimethylenediaminoplatinous hydrochloride, 1340. 

C,H,,N,C1,Pt §-Diamminotrimethylenediaminoplatinous chloride, 1340. 

C,H,,N,Cl,Pt Diamminotrimethylenediaminoplatinic chloride, 1340. 


C, Group. 


C,H, Butylene, ignition of mixtures of, with air, 1240. 
C,H,, Butane, ignition of mixtures of, with air, 1240. 


4il 
C,H,I 2-Iodo-1-vinylacetylene, 741. 
C,H,Se Selenophen, preparation of, 1644. 
C,H,O, Vinylacetic acid, dissociation constant of, 734. 
C,H,O, Acetic anhydride, ketonic activity of, 1197. 
C,H,O, Tartaric acid, synthesis of, 45; thorium salt, alkaline solutions of, 5. 
C,H,,0 x-Butyl alcohol, partial vapour pressure of, in aqueous solutions, 674. 
C,H,.S Diethyl sulphide, dipole moment of, 652. 
C,H,,Zn Zinc diethyl, oxidation of, 756. 
C,0,Ni Nickel carbonyl, dipole moment of, 652. 


4 I 


C,H,OBr, aaf-Tribromobutaldehyde, and its monohydrate, 995. 
C,H,0.Cl, 2:3-Dichlorodioxan, 1598. 

C,H,O,N, Methoxymalondiamide, 1628. 

C,H,SSe 1:4-Selenothian, 1529. 

C,H,ON, Acetone semicarbazone, hydrolysis of, 204. 

C,H,,OS Diethylsulphone, dipole moment of, 652. 

C,H,,0.As Hydroxydimethylethylarsonium hydroxide, salts of, 100. 
C,H,,IS Dimethylethylsulphonium iodide, 535. 


4 Iv 


C,H;OCIBr, a-Chloro-af-dibromobutaldehyde, and its monohydrate, 994. 

C,H;OCI,Br a8-Dichloro-a-bromobutaldehyde, and its monohydrate, 994. 

C,H,,Cl,AsHg, Dimethylethylarsine dimercurichloride, 101. 

C,H,.N.C1,Pt Substance, from tetramethylenediamine and potassium chloroplatinite, 1341. 
C,H,,N,Cl,Pt Bisethylenediaminoplatinous chloride, 1092. 


C, Group. 


C;H,N Pyridine, addition of methyl iodide to, 1237; compounds of, with triphenylmethy] halides, 76. 
C;H,0, Allylacetic acid, preparation of, 582. 
A8.n-Pentenoic acid, 559. 
C;H,O, Methyl hydrogen methylmalonate, 1066. 
C;H,,.Br, ae-Dibromopentane, 1532. 
'sH,,0 a-Amy]l alcohol, optical rotation of, 376. 


5 I 


C;H,0,Cl a-Carbomethoxypropionyl chloride, 1066. 

C;H,N.Cl Base, from methylglyoxal and formalin, 665. 
C;H,0.I Ethyl f-iodopropionate, preparation of, 216. 
C;H,0,Cl Chleschplinsaginetietocligitte acids, 805, 806. 
C;H,,0,N, d-a-Hydroxy-8-methoxysuccindiamide, 643. 
C;H,,IS Dimethylpropylsulphonium iodides, 535. 

C;H,,0S Mothylaisthylsulphonium hydroxide, picrate of, 992. 


5 IV 


C;H,O.NBr, Form-ffy-tribromo-a-hydroxybutylamide, 995. 
C;H,O.N.Br, $fy-Tribromo-a-hydroxybutylurea, 995. 
C;H,,ON,Cl 3-Chlorobutan-2-one semicarbazone, 717. 
C;H,,N,Cl,Pt a-Chlorodiamminopyridinoplatinous chloride, 1058. 
C;H,,N.Cl,.Pt Substance, from pentamethylenediamine and potassium chloroplatinite, 1341. 
C;H,,N,Cl,Pt §-Ethylenediaminotrimethylenediaminoplatinous chloride, 1339. 
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C,H, .N,Cl,Pt Fe Re eR Se RE HI chloride, 1339. 
C;H,,N,Cl,Pt, §-Ethylenediaminotrimethylenediaminoplatinous chloroplatinite, 1339. 
C,H. .N,Cl,Pt §-Ethylenediaminotrimethylenediaminoplatinous dihydrochloride, 1339. 


5V 
C,H,ON,Cl,Pt a-Hydroxylaminopyridinoplatinous chloride, 1058. 
C,H,.O.NCIBr, Form-f-chloro-fy-dibromo-a-hydroxybutylamide, 995. 
C,H,O.NCI,Br Form-fy-dichloro-8-bromo-a-hydroxybutylamide, 995. 
C,H,0.N,CiIBr, 8-Chloro-fy-dibromo-a-hydroxybutylurea, 995. 
C,H,0,N,CI,Br y-Dichloro-8-bromo-a-hydroxybutylurea, 995. 





C, Group. 


C,H, Benzene, dielectric constant of, 773; vapour pressure and refractivity of mixtures of, with benzy] 
alcohol, p-dichlorobenzene, nitrobenzene and phenol, 1413. 


6 I 


C.H,Cl, Dichlorobenzene, vapour pressure and refractivity of mixtures of, with benzene, 1413. 

C,H;Cl Chlorobenzene, dielectric constant of, 773. 

C,H,O Phenol, conductivities of mixtures of, with aniline, m-cresol and p-toluidine, 1032 ; vapour pressure 
and ew of mixtures of, with benzene, 1413; action of chlorosulphonic acid on, at low temper- 
atures, 337. 

C,H,O, Acetylmalic anhydride, 795. 

C.H,N Aniline, conductivity of mixtures of, with phenol, 1032; action of, with benzoyl chloride in carbon 
tetrachloride and hexane solutions, 1351. 

C,H,O, Ascorbic acid, constitution of, and its salts, 1270; rotatory dispersion of, 1448, 1564. 

d- and l-Ascorbic acids, synthesis of, 1422. 

C.H,,0; Methyl methoxymalonate, 1628. 

C.H,,Br Diallyl hydrobromide, 817. 

C,.H,.Br, Diallyl dihydrobromide, 817. 

C.H,,P Triethylphosphine, oxidation of, 1231. 

C,H,,N, a-Amino-f-dimethylaminobutane, salts of, 348. 


6 It 
C,H,OBr, Tribromophenols, 1054. 
30,N, Styphnic acid, lead salt, thermal decomposition of, 1397. 
C,H,Ci,8 2:4:6-Trichlorothiophenol, 47. 
C.H,O,N Nitrobenzene, f.p. of, in benzene and cyclohexane, 281. 
C,H,O,N, m-Dinitrobenzene, equilibrium of, with nitrobenzene, 669. 
C,H,NCl, 2:4:6-Trichloroaniline, 142. 
C.H,N,Fe Hydroferrocyanic acid, and its metallic salts, 1543. ' 
C,H,0.N Nitrobenzene, dielectric constant of, 773; vapour pressure and refractivity of mixtures of, with 
benzene, 1413; viscosity of, 118; equilibrium of, with m-dinitrobenzene, 669; nitration of, 113. 
C.H,0O,N p-Nitrophenol, condensation of, with formaldehyde, 699. 
C,H,O,N, 4°-Propene-aaf-tricarboxylamide, 814. 
C,H,,0,;N, -Propane-aaf-tricarboxylamide, 813. 
C,H,,0,Cl Ethyl a-methylacrylate chlorohydrin, 803. 
C.H,,0,N, Methoxymalonomethylamide, 1628. 
C,H,,0,Se Propyl selenite, 393. 
C.H,,IS Dimethyl-tert.-butyl sulphonium iodide, 1575. 
Dimethylbutylsulphonium iodides, 535. 
C.H,,0S Dimethyl-tert.-butylsulphonium hydroxide, decomposition of, and its picrate, 1575. 
Triethylsulphonium hydroxide, picrate of, 992. 
C,H,,0As Hydroxytriethylarsonium hydroxide, salts of, 100. 


6 IV 































C,H,O,NBr, Tribromonitrophenols, 1055. 

C,H,0,NBr, Dibromonitrophenols, 1055. 

C,H,,0,.NBr, Acet-8Sy-tribromo-a-hydroxybutylamide, 995. 
C,H,,N,Cl1,Pt §-Bistrimethylenediaminoplatinous chloride, 1339. 
C,H,.,N,C1,Pt Bistrimethylenediaminoplatinic chloride, 1339. 
C,H,.N,C1,Pt §8-Bistrimethylenediaminoplatinous dihydrochloride, 1339. 


6V 


C,H,,0,NCIBr, Acet-8-chloro-By-dibromo-a-hydroxybutylamide, 995. 
C,H,,0,NC],Br Acet-8y-dichloro-8-bromo-a-hydroxybutylamide, 995. 


C, Group. 


C.H,O, Benzoic acid, dissociation constant of, 734. 
C,H,O Benzyl alcohol, vapour pressure and refractivity of mixtures of, with benzene, 1413. 
m-Cresol, conductivity of mixtures of, with phenol, 1032. 

p-Cresol, action of chlorosulphonic acid on, at low temperatures, 337. 








yl 











Formula Index. 


C,H,N Methylaniline, nitrosation of, 510. 
o-Toluidine, action of, with sulphur, 296. 
p-Toluidine, conductivity of mixtures of, with phenol, 1032. 
C,H,,0, trans-dl-Caronic acid, resolution of, 1223. 
C,H,,0, 3-Keto-d-glucoheptonofuranolactone, 1422. 
C,H,,0, y-isoPropyl-y-butyrolactone, 584. 
C,H,,0, 4%-isoHeptenoic acid, preparation of, 584. 
5-180 Heptolactone, 585. 
C,H,,0, Ethyl hydrogen dimethylmalonate, 1617. 
C,H,,0, Methyl d-a-hydroxy-8-methoxysuccinate, 643. 
C,H,,N tert.-Butylcarbinyldimethylamine, and its salts, 68. 


7 
C,H,O,N, 3:5-Dinitrobenzaldehyde, 315. 
C,H,O,N, Dinitrosalicylaldehyde, 486. 
C,H,OC] Benzoyl chloride, action of, with aniline in carbon tetrachloride and hexane solutions, 1351. 
C.H;OBr, Tribromoanisoles, 1054. 
C,H,;0.As Benzaldehyde-p-arsenious oxide, 352. 
C,H;0O,N, 3:5-Dinitrobenzaldoxime, 315. 
C,H,O;N, 2:6-Dinitro-p-cresol, 440. 
4:5-Dinitro-o-cresol, 1166. 
C,H,O,S 5-Sulpho-3-hydroxybenzoic acid, and its salts, 1374. 
C,H,N.S 2-Diazotoluene 3-sulphide, 297. 
C,H,O.N Salicylaldoxime, use of, in separation of copper and nickel, 895. 
C,H,0.N, 3:9-Dimethylxanthine, and its salts, 668. 
C,H,0,N, 2:3-Dinitrotoluene, lability of 2-nitro-group in, 500. 
C,H,0,8 o-Cresol-4-sulphonic acid, barium salt, 1377. 
C,H,NC1 N-Chloroacetanilide, photo-change of, in solvents, 240. 
C,H,O,N Acid, from hydrolysis of ethyl a8-dicyano-8-methylglutarate, 815. 
C,H,,0,C1 5-Carbomethoxyvaleryl chloride, 91. 
Ethyl hydrogen dimethylmalony] chloride, 1617. 
C,H,,ON, cycloPentene aldehyde semicarbazone, 362. 
C,H,,0.Br Bromo-3-methylhexoic acids, 576. 
C,H,,0,8, Ethylsulphonylethylthioacetone, 308. 
C,H,,0,N, d-a-Hydroxy-8-methoxysuccinomethylamide, 643. 
C,H,,0,N Trimethyl /-threonamide, 1284. 
C.H,,0,8, Bisethylsulphonylethylthiomethane, 308. 
7H,,0,8, Trisethylsulphonylmethane, 308. 
C,H,,IS Methylethylisobutylsulphonium iodide, 535. 
C,H,,0S Diethyl-n-propylsulphonium hydroxide, picrate of, 993. 
Methyldi-n-propylsulphonium hydroxide, picrate of, 992. 


7 IV 
C,H,O;NCl 3-Chloro-5-nitrosalicylic acid, 700. 
C,H,O;NBr 3-Bromo-5-nitrosalicylic acid, 700. 
C.H,O;N.S 5-Sulpho-3-diazobenzoic acid, 1374. 
C,H;OCl,As Benzaldehyde-p-dichloroarsine, 352. 
C,H,O,N.Cl 4-Chloro-3:5-dinitroanisole, 827. 
C,H;O,NS 5-Sulpho-3-nitrobenzoic acid, and its salts, 1373. 
C,H,O,N,S 5-Amidosulphonyl-3-nitrobenzoic acid, 1374. 
C,H,O;NS o0-Nitrotoluene-4-sulphonic acid, salts of, 1377. 

5-Sulpho-3-aminobenzoic acid, 1374. 

C,H,0;N,S 5-Amidosulphonyl-3-nitrobenzamide, 1373. 
C,H,0,N.S 5-Amidosulphonyl-3-aminobenzoic acid, 1374. 


7V 


C,H,0,NC1.S 5-Chlorosulphonyl-3-nitrobenzoyl chloride, 1373. 

C,H,O,NCIS 5-Chlorosulphonyl-3-nitrobenzoic acid, 1373. 

C,H,,O,NSAs p-Aminophenylarsono-N-methylenesulphurous acid, sodium salt, 1009. 
C,H,,0,NSAs 3-Amino-4-hydroxyphenylarsono-N-methylenesulphurous acid, disodium salt, 1009. 


C, Group. 


C.H,N, 5-(3-Pyridyl)pyrazole, and its salts, 350. 

C,H,O Acetophenone, dielectric constant of, 773. 

C,H,O, Mandelic acid, acid salts of, 1016. 

C,H,O, w:2:4-Trihydroxyacetophenone, 372. 

C,H,O; w-Hydroxyphloracetophenone, 369. 

C,H,O, 3-Hydroxycyclobutane-1:1:2:2-tetracarboxylic acid, 1632. 
C,H,,0, Filicinic acid, 1617. 

C,H,,0, Tetrahydrophthalic acids, 1631, 1633. 


C,H,,N Benzylmethylamine, picrate of, 349. 
C,H,,0, Homocaronic acid, synthesis of, 1225. 
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C,H,,0, Dimethylascorbic acid, and its barium salt, 1286. 
Methyl dimethoxymaleate, 1289. 
C,H,,0, Ethyl tartrate, rotation of, 1217. 









sH,,0, n-Octoic acid, potassium salt, specific heat of aqueous solutions of, 551. 


C.H,,0, Methyl trimethyl /-threonate, 1284. 
C,H,,0 f-Octanol, optical rotation of, 376. 


8 Ol 

C,H,0,Br, Phthalyl bromide, tautomerism of, 1309. 
Terephthalyl bromide, 1313. 
C,H,0.F, Phthalyl fluoride, 17. 
C,H,N.Ci, 2:5-Dichlorobenzeneazo-B8-dichloroethylene, 1490. 
C,H;ON Benzonitrile, dielectric constant of, 773. 
C,H;0,Cl 3-Chlorophthalic acid, 1533, 1643. 
C,H,O.N, Nitro-5-(3-pyridyl)pyrazoles, 687. 
C,H,O,N, 3:5-Dinitro-2-methoxybenzaldehyde, 487. 
C,H,N,I 3-lodo-5-(3-pyridyl)pyrazole, 687. 
C,H,C1,8 2:4:6-Trichlorophenyl £-chloroethyl sulphide, 47. 
C,H,ON 2-Hydroxyphenylacetonitrile, 493. 
C,H,0.Cl 6-Chlorobenzdioxin, 700. 
C,H,0,I 6-lodobenzdioxin, 700. 
C,H,0O;N, 3:5-Dinitrobenzaldehyde semicarbazone, 315. 
C,H,C1,S Dichlorophenyl f-chloroethyl sulphides, 47. 
C,H,O,S Thiolmethoxybenzoic acids, 1378. 
C,H,0,N, 2:6-Dinitro-p-cresol methyl ether, 440. 
C,H,O;N, 4:5-Dinitro-o-tolyl methyl ether, 1166. 
C,H,O,N, 3:5-Dinitro-N-nitrosomethyl-p-anisidine, 827. 
C,H,0,S Sulphomethoxybenzoic acids, and their salts, 1374, 1378. 
C,H,0,.B Borotartaric acid, ammonium salt, 954. 
C,H,C1,8 p-Chlorophenyl f-chloroethyl sulphide, 46. 
C,H,0,N 6-Nitro-4-methoxy-o-cresol, 441. 
C,H,O;,N, 3:5-Dinitromonomethyl-p-anisidine, 827. 
C,H,0,Cl, Ethyl trichloro-a’-hydroxyethyl a-anhydrotartrate, 796. 
C,H,0,,.B Boromalic acid, potassium salt, 955. 
C,H,,OS Thiolmethoxytoluenes, 1377. 
C,H,,0,.N, Nitrosomethyl-p-anisidine, 271. 
C,H,,0,N, 6-Nitro-4-methoxy-o-toluidine, 441. 
5-Nitro-2-methoxy-p-toluidine, 1167. 

C,H,,0,8 2-Methoxytoluenesulphonic acids, salts of, 1378. 
C,H,,ON §-Phenoxyethylamine, and its salts, 272. 
C,H,,0,N, d-Arabotrimethoxyglutardiamide, 642. 
C,H,,0S Ethyldi-n-propylsulphonium hydroxide, picrate of, 993. 
C,H,,NI ¢ert.-Butylcarbinyltrimethylammonium iodide, 68. 


8 IV 
C,H,ONCI, Trichlorodichloroacetanilide, 143. 
C,H,O;,NCl 8-Chloro-6-nitro-4-ketobenzdioxin, 700. 
C,H,O;,NBr 8-Bromo-6-nitro-4-ketobenzdioxin, 700. 
C,H;0.N,Br 4-Bromo-3-nitro-5-(3-pyridyl)pyrazole, 687. 
C,H,O,NCl 8-Chloro-6-nitrobenzdioxin, 700. 
3-Nitro-4-methoxybenzoyl chloride, 26. 
C,H,O,NBr 8-Bromo-6-nitrobenzdioxin, 700. 
C,H,0,C1,8 3-Chlorosulphonyl-4-methoxybenzoyl chloride, 1380. 
5-Chlorosulphonyl-3-methoxybenzoy] chloride, 1374. 
C,H,OC1,8 Dichlorophenyl £-chloroethyl sulphoxides, 47. 
2:4:6-Trichlorophenyl 8-hydroxyethy] sulphide, 47. 
C,H,0,CiS Chlorosulphonylmethoxybenzoic acids, 1374, 1378. 
C,H,0C1,S 2:5-Dichlorophenyl f-hydroxyethyl sulphide, 47. 
C,H,0,C1,S p-Chlorophenyl £-chloroethylsulphone, 46. 
C,H,CIBrS p-Bromopheny] f-chloroethyl sulphide, 46. 
C,H,CUS p-lodophenyl 8-chloroethy! sulphide, 47. 
C,H,OCIS p-Chlorophenyl £-hydroxyethy] sulphide, 46. 
C,H,OBrS p-Bromophenyl f-hydroxyethyl sulphide, 46. 
C,H,O,SCl 2-Methoxytoluenesulphonyl chlorides, 1377. 
C,H,O;,NS Amidosulphonylmethoxybenzoic acids, 1374, 1378. 
C,H,,0,N.S 3-Amidosulphonyl-4-methoxybenzamide, 1380. 
5-Amidosulphonyl-3-methoxybenzamide, 1374. 
C,H,,0,.N,C1 Theobromine methochloride, 668. 
C,H,,0,NS 2-Methoxytoluenesulphonamides, 1377. 


8V 
C,H,O,CIBrS p-Bromophenyl f-chloroethylsulphone, 47. 
C,H,O,NCIS p-Nitrophenyl-8-chloroethylsulphone, 48. 
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C, Group. 


C,H,O, £-Phenylpropiolic acid, addition of iodine to, 424. 
C,H;N Quinoline, cuprichloride of, 999. 
C,H,O, cis-Cinnamic acid, three forms of, 1453. 
C,H,N; 3-Methyl-5-(3-pyridyl)pyrazole, and its salts, 351. 
C,H,Cl £-Chloro-a-phenyl-4*-propylene, 965. 
C,H,,0, 2:4-Dihydroxy-6-methoxy-3-methylbenzaldehyde, 719. 
Methylphloracetophenone, 443. 
C,H,,0; 3-Carbethoxy-4?-cyclohexeneoxalic acid, 1631. 
9H,,0, Methylphloroglucinol a-dimethyl ether, 441. 
9H,.0, Ethyl hydrogen 4!-cyclopentene-1:2-dicarboxylate, 1633. 
320; Methyl cyclopentanone-2:3-dicarboxylate, 818. 
320, Methyl 4¢-propene-aaf-tricarboxylate, 814. 
440, cycloHexanone-2-propionic acid, 1015. 
1100 a trans-dl-3-Carboxy-1:1-dimethylcyclopropane-2-propionic acids, resolution of, and their 
saits, 1223. 
C,H,,0; Methyl 8-keto-n-pentane-y8-dicarboxylate, 814. 
140, Methyl n-propane-aaf-tricarboxylate, 813. 
160, a-cycloHexylpropionic acid, 1483. 
C,H,,0; Dimethyl anhydro-a-methylhexoside, 1081. 
130, Trimethylglucose, preparation of, 737. 
2oN, Pentamethylpiperazines, and their salts, 144. 
C,H,,P Triisopropylphosphine, 1044. 
9 Il 


C,H,O;N, 5:7-Dinitroindole-2-carboxyamide, 487. 
C,H,O.N, 5-(3-Pyridyl)pyrazole-3-carboxylic acid, and its picrate, 351. 
C,H;0,N, -Diazo-3-nitro-4-methoxyacetophenone, 26. 
C,H,0.N, w-Diazo-p-acetylanisole, 375. 
4-Hydroxy-1-methoxyphthalazine, 1334. 
1-Hydroxy-3-methylphthalaz-4-one, 1334. 
C,H,O,N, a-Ketopropaldehyde nitrophenylhydrazones, 477. 
C,H,O,N 2-Hydroxyphenylpyruvic acid oxime, 493. 
C,H,O,I 6-Iodo-2:3-dimethoxybenzoic acid, 1623. 
C,H,,0.8 Ethyl p-mercaptobenzoate, 1507. 
C,.H,,0,;N, w-Amino-a-ketopropaldehyde nitrophenylhydrazones, 479. 
C,H,,0,8 Methylthiolmethoxybenzoic acids, 1378. 
C,H,,0;N, 2:6-Dinitro-4-ethoxytoluene, 820. 
C,H,,0;8 Methylsulphonylmethoxybenzoic acids, 1377. 
C,.H,,0,N 6-Nitro-4-ethoxy-o-cresol, 821. 
C,.H,,0;N;, Dinitrodimethyl-p-anisidines, 826. 
C,H,,0S Methylthiolmethoxytoluenes, 1377. 
C,H,,0.8 p-Anisyl 8-hydroxyethyl sulphide, 47. 
C,H,,.0,;N, 6-Nitro-4-ethoxy-o-toluidine, 820. 
9H,,;0,N 0-Vanillylmethylamine, 278. 
C,H,,0,Br Methyl a-bromo-n-propane-aaf-tricarboxylate, 813. 
C,H,,ON 1-Methyltropinone, 1511. 
C,H,,0,8 cycloHexylsulphonylacetone, 308. 
9H,,ON a-cycloHexylpropionamide, 1483. 
1-Methyl--tropine, and its salts, 1512. 
C,.H,,0,Pt Ethyl (trimethylplatini)acetoacetate, 22. 
C,H,,ON, 1-Nitrosopentamethylpiperazine, salts of, 144. 
eH.,08 Tri-n-propylsulphonium hydroxide, picrate of, 992. 


9 IV 


C,H,OC1,Fe isoBenzpyrylium ferrichloride, 556. 

C,H,0,N,Br, $fSw-Tribromo-a-ketopropaldehyde 2:6-dibromo-4-nitrophenylhydrazone, 478. 

C,H,0,N,Br, Sw-Dibromo-a-ketopropaldehyde 2:6-dibromo-4-nitrophenylhydrazone, 478. 

C,H;0,N,Br, $8w-Tribromo-a-ketopropaldehyde “Amc eB ne Se 478. 

C,H,O,N,Br, w-Bromo-a-ketopropaldehyde 2:6-dibromo-4-nitrophenylhydrazone, 478. 
Bw-Dibromo-a-ketopropaldehyde 2-bromo-4-nitrophenylhydrazone, 478. 
BBw-Tribromo-a-ketopropaldehyde nitrophenylhydrazones, 478. 

C,H,0,N,Br, $w-Dibromo-a-ketopropaldehyde nitrophenylhydrazones, 478. 
a-Ketopropaldehyde 2:6-dibromo-4-nitrophenylhydrazones, 477. 

C,H,O,N,Br, «-Bromo-a-ketopropaldehyde 2-bromo-4-nitrophenylhydrazone, 478. 

C,H,O,NAs Cinnamonitrile-p-arsonic acid, 352. 

C,H,O,N,Br w-Bromo-a-ketopropaldehyde nitrophenylhydrazones, 478. 
a-Ketopropaldehyde bromonitrophenylhydrazones, 477. 

C,H,0,N,Cl, Nitrophenyl-N’-888-trichloro-a-hydroxyethylureas, 31. 

C.H,,O0CIS p-Anisyl f-chloroethy] sulphide, 47. 

C,H,,0.CIS Phenyl y-chloropropylsulphone, 48. oe 


C,H, ,0,I,SeHg Phenylmethylselenetine mercuri-iodides, 127. 
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C,, Group. 


C,oH,, Decalin, dipole moment of, 652. 
cycloHexanespirocyclopentane, 353. 


10 

C,.H,,0, 3:4-Dimethoxyphenylacetylene, 1466. 

10H,,0; w-Hydroxyresacetophenone, 372. 
Methyl hematommate, 133. 

C,.H,,0, - and iso-Eugenols, refractive dispersion of, 557. 
dl-Phenylmethylcarbinyl acetate, 177. 

C,.H,.0, §-Hydroxy-8-phenyl-a-methylpropionic acid, 965. 

C,,H,,0, 2:4-Dihydroxy-6-methoxy-3-methylacetophenone, 1178. 
2:6- Dihydroxy-4-methoxy-3-methylacetophenone, 1179. 

C,.H,.0,; 2-Hydroxy-4:6-dimethoxy-3-methylbenzoic acid, 443. 

10H,40, m-Methoxyphenylethylcarbinol, 1094. 

C,.H,,0, 8-3:4-Dimethoxyphenylethyl alcohol, 1466. 
4-Methoxy-6-ethoxy-o-cresol, 719. 
6-Methoxy-4-ethoxy-o-cresol, 822. 

C,oH,,0, Ethyl 4!-cyclobutene-1:2-dicarboxylate, 1632. 
1-Ethyl-4*-cyclohexene-1:3-dicarboxylic acid, 1631. 
2-Hydroxy-4:6-dimethoxy-3-methylbenzaldehyde, 442. 

C,,H,,0; Heptane-1:3:7-tricarboxylic anhydride, 1015. 
Methy! 2-methylcyclopentanone-2:3-dicarboxylate, 818. 

C,oH,;N ‘ert.-Butylaniline, and its salts, 948. 

C,.H,;N, Nicotine, oxidation of, 350. 

C,oH,,0, §-n-Amylglutaric anhydride, 961. 

Methyl cyclohexanone-2-propionate, 1015. 

C,oH,,0, Ethyl 4¢-dihydromuconate, 890. 

10H,,0, Methyl n-butanetricarboxylate, 818. 
Tetramethylascorbic acid, 1287. 

C,.H,,0, Ethyl §-hydroxy-f-cyclopentylpropionate, 362. 

CioH,,0, §-n-Amylglutaric acid, 962. 

C,oH,,0, Methyl d-arabotrimethoxyglutarate, 641. 

CioH,,0 y-cycloHexyl-sec.-butyl alcohol, 1484. 
dl-neoMenthol, optical resolution of, 167. 

dl- and d-isoMenthols, 172. 
C,,.H.,0, 2:3:4:6-Tetramethyl a-methylaltrose, 1080. 


10 


C,.H,O,N, Diketosuccinic anhydride p-nitrophenylhydrazone, 1393. 

C,.H,O.N, Nitro-a-naphthylamines, preparation of, 1205. 

C,.H,0,N, 1:5- and 1:8-Dinitronaphthalenes, preparation of, pure, 1346. 

C,,.H,O;N, Dinitro-8-naphthols, 288. 

C,.H,0,N 8-Nitro-a-naphthol, 287. 

C,,.H,NCl, 2:8-Dichloro-4-methylquinoline, 301. 

C,,H,N.Cl,; «8-Dichlorocrotonaldehyde 2:4:5-trichlorophenylhydrazone, 1490. 
1oH,0,N, 5-Nitro-l-naphthylamine, preparation of, 1346. 

C,.H,N.Cl, 2:5-Dichlorobenzeneazo-fy-dichloro-4¢-butylene, 1489. 

C,,H,O,N Phenoxyacetic acid 2-acetonitrile, 492. 

C,,H,O,As p-Arsonobenzylidenemalonic acid, 352. 

C,,H,,ON, 1-Methoxy-4-methylphthalazine, and its picrate, 1333. 

C,o0H,,ON, 3-Acetamido-5-(3-pyridyl)pyrazole, 687. 

C,.H,,0.N, 1-Methoxy-3-methylphthalaz-4-one, 1334. 

Nitro-2:3-dimethylindoles, 957. 

C,o0H,,ON Hydroxymethylmethylindoles, 958. 

C,.H,,0,N 3:4-Dimethoxymandelonitrile, 1466. 

C,,H,,0,Cl a-Chloro-8-hydroxy-8-phenyl-a-methylpropionic acid, 965. 

C,.H,,0.N, 8-(0-Formylphenyl)propaldehyde dioxime, 554. 

C,.H,,0,N, 3. Nitro-2-hydroxy-2:3.dimethyl-2:3-dihydroindole, 958. 
10H,,0,N, Acetyl-6-nitro-4-methoxy-o-toluidine, 441. 
10H,,0,N, Ethyl a-aminoglyoxylate m-nitrophenylhydrazone, 1146. 
Ethyl a-aminoglyoxylate nitrophenylhydrazones, 477. 

C,.H,,0,8, a-p-Carboxyphenylsulphonyl-a-methylthioethane, 1510. 

C,,H,,0,N, Xanthosine, 667. 





C,oH,,0,8, a-p-Carboxyphenylsulphonyl-a-methylsulphonylethane, and its salts, 1510. 


C,oH,,0,N Homoveratramide, 1466. 
m-Nitrophenyl n-butyl ether, 661. 
Nitrosoresorcinol 3-n-butyl ethers, 661. 
C,,H,,0,N 6-Methoxy-4-ethoxy-o-toluidine, 822. 
Nitro-3-n-butoxyphenols, 661. 
C,,H,,0,N, Guanosine, enzymatic preparation of, 667. 
C,.H,,ON, Phenyl-tert.-butylnitrosamine, 948. 
C,,H,,0,Br, Ethyl 1:2-dibromocyclobutane-1:2-dicarboxylate, 1632. 
110A 5 m-n-Butoxyaniline, 661. 
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C,oH,,;0I 10-Iodocamphor, 825. 

C,,.H,;0,N Vanillylethylamines, 278. 

C,oH,,0;N, Methyl cyclopentanone-2:3-dicarboxylate semicarbazone, 818. 

:0H,,0As Benzyltrimethylarsonium hydroxide, salts of, 99. 

C,oH,,0;N, Methyl B-keto-n-pentane-yd-dicarboxylate semicarbazone, 814. 

C,oH2.0.Pt Trimethylplatinum dipropionylmethane, 22. 

CioH,,0S Di-n-propyl-n-butylsulphonium hydroxide, picrate of, 993. 
Ethyldiisobutylsulphonium hydroxide, picrate of, 993. 

CoH as Methyltritsopropylphosphonium iodide, 1044. 


10 IV 


C,.H;0,N.Br 1-Bromo-2:4-dinitronaphthalene, 1621. 
C,.H;0,N.I 1-Iodo-2:4-dinitronaphthalene, 1621. 
C,,H,ONC] 8-Chloro-2-hydroxy-4-methylquinoline, 301. 
C,.H,ON.Cl, §-Chloro-a-ketobutaldehyde 2:4:5-trichlorophenylhydrazone, 1490. 
C,.H,O,.NCl, Trichlorodiacetanilide, 143. 
C,.H,0.N.Cl, Ethyl w-chloroglyoxylate trichlorophenylhydrazone, 1490. 
C,.H,0,.N,Tl Thallium 4-denalinees-3-ghaugl-$-uistigt &-apenenions, 842. 
C,.H,0,N,Cl, Ethyl a-chloroglyoxylate 2:6-dichloro-4-nitrophenylhydrazone, 1145. 
C,oH,O,N,Br, Ethyl a-bromoglyoxylate 2:6-dibromo-4-nitrophenylhydrazone, 477. 
C,oH,O,N.Cl, Ethyl glyoxylate trichlorophenylhydrazone, 1490. 
C,oH,O,N,Cl, Ethyl a-chloroglyoxylate chloronitrophenylhydrazones, 1145. 
C,oH,O,N;Br, Ethyl a-bromoglyoxylate 2-bromo-4-nitrophenylhydrazone, 477. 
10H90,N.Cl, Ethyl glyoxylate 2:5-dichlorophenylhydrazone, 1490. 
C,o.H,,0,N;Cl, Ethyl w-aminoglyoxylate trichlorophenylhydrazone, 1490. 
C,oH,o0,NAs p-Oxyarsinomethylmalonanilic acid, 1066. 
C,oH,90,N;,Cl Ethyl a-chloroglyoxylate nitrophenylhydrazones, 1145. 
C,oH,90,N,Cl, N-Nitrophenyl-N’-B88-trichloro-a-methoxyethylureas, 32. 
C,oH,.0,N,Br Ethyl a-bromoglyoxylate nitrophenylhydrazones, 477. 
C,oH,,0,N,Cl, Ethyl a-aminoglyoxylate 2:6-dichloro-4-nitrophenylhydrazone, 1146. 
C,oH;00,N,Br, Ethyl a-aminoglyoxylate 2:6-dibromo-4-nitrophenylhydrazone, 477. 
10HLi0 Succinanil-p-arsonic acid, 93. 
C,oH,,0.N.Cl, N-Tolyl-N’-888-trichloro-a-hydroxyethylureas, 31. 
C,oH,,0,N,Cl Ethyl a-aminoglyoxylate 4-chloro-2-nitrophenylhydrazone, 1146. 
10H,,0,N,Br Ethyl a-aminoglyoxylate 2-bromo-4-nitrophenylhydrazone, 477. 
C,oH,,0,NAs p-Arsonomethylmalonanilic acid, 1066. 
p-Arsonosuccinanilic acid, 93. 
C,.H,,0;N.As Methylmalonanilamide-p-arsonic acid, and its sodium salt, 1066. 
C,.H,;N;Cl.Pt a-Chloroamminodipyridinoplatinous chloride, 1058. 
1oH,;0CIHg Camphor-10-mercurichloride, 824. 
C,.H,,0OBrHg Camphor-10-mercuribromide, 825. 
1oH,,;0IHg Camphor-10-mercuri-iodide, 825. 
C,.H,,ONI 10-Iodocamphoroxime, 825. 
C,o9H,,ONI 1-Methyltropinone methiodide, 1511. 


10 V 


C,oH,,0,NCl.As p-Dichloroarsinomethylmalonanilic acid, 1066. 
C,.H,,ON,C],Pt a-Hydroxylaminoamminodipyridinoplatinous chloride, 1059. 


C,, Group. 


C,,H,,0. 6:7-Dihydroxy-2-methylnaphthalene, 86. 
2-Ethylchromone, 433. 

C,,H,,0, 3:4-Dimethoxyphenylpropiolic acid, 1466. 

C,,H,,0; Usnetinic acid, 1178. 

1H,,.0, 6-Methoxy-2:3-dimethylcoumarone, 717. 
5-Phenyl-4°-pentenoic acid, 966. 

C,,H,,0, 2-Acetoacetyl-4-methylphenol, 1389. 
y-Hydroxy-8-phenyl-4*-pentenoic acid, 967. 
Methyl 4-methoxycinnamate, 609. 

Usneol, 714. 

C,,H,.0, 0O-Acetylisoeverninaldehyde, 495. 
Ethyl 2-aldehydophenoxyacetate, 492. 

C,,H,,0, p-Cymenecarboxylic acids, 983. 

C,,H,,0, Ethyl §-hydroxy-f-phenylpropionate, 964. 
B-Hydroxy-8-phenylvaleric acid, 966. 

Methyl a-3-methoxyphenoxyethyl ketone, 717. 
y-Phenoxy-8-methylbutyric acid, 272. 

C,,H,,0, 2-Hydroxy-4:6-dimethoxy-3-methylacetophenone, 443. 
2-Hydroxy-6-methoxy-4-ethoxy-3-methylbenzaldehyde, 719. 

C,,H,,0, Ethyl hydrogen 3-carbethoxy-4?-cyclohexeneoxalate, 1631. 
2-Hydroxy-6-methoxy-4-ethoxy-3-methylbenzoic acid, 719. 
Methyl 2:6-dihydroxy-4-ethoxy-3-methylbenzoate, 718. 

Methyl it 442. 
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C,,H,,N, a-Ethylanilinopropionitrile, 349. 

11H,,0, 5-n-Valerolactone, preparation of, 583. 

11H,.0, Methylphloroglucinol a-diethyl ether, 821. 

1H,,N  tert.-Amylaniline, and its hydrochloride, 949. 
C,,H,,As 2:4:6-Trimethylphenyldimethylarsine, 1592. 
C,,H,,0, Methyl §-methyl-n-butane-aad-tricarboxylate, 813. 
11H, .N, a-Amino-f-ethylanilinopropane, salts of, 349. 
11 4 a-Methyl-a’-n-amylglutaric acid, 509. 
11H0, 4-Acetyl-2:3-dimethyl a-methylglucoside, 738. 


ll 


C,,H,,ON, 2-Methylcyclohexylideneacetone semicarbazone, 1484. 
C,,H,,0,N, 1-Acetoxy-4-methylphthalazine, 1334. 
11H,90,N, 4-Acetoxy-1-methoxyphthalazine, 1335. 
1-Acetoxy-3-methylphthalaz-4-one, 1334. 
C,,H,,0,.N 2-Hydroxy-6-methoxy-4-methylquinoline, 1032. 
Substance, from 2:6-dimethoxy-4-methylc uinoline, formaldehyde and piperidine, 301. 
C,,H,,0,Cl -Chloro-y-hydroxy-8-phenylvalerolactone, 967. 
1H,,0,N 5-Methoxyphenoxyacetic acid 2-acetonitrile, 491. 
11H, 3-Nitro-w-acetoxy-4-methoxyacetophenone, 26. 
1H,,0,N, w-Diazo-3:4:5-trimethoxyacetophenone, 375. 
uH,;0,.N 9:10-Dihydroxytetrahydropentindole, 300. 
C,,H,,0,Cl y-Phenoxy-a-methylbutyryl chloride, 273. 


C,,H,,0,N 4-Hydroxy-6:7-methylenedioxy-2-methyltetrahydroisoquinoline, picrate of, 279. 


C,,H,,0,Cl a-Chloro-8-hydroxy-3-phenylvaleric acid, 966. 
C,,H,,0,N 3-Amino-w-acetoxy-4-methoxyacetophenone, 26. 
C,,H,,0,Br 3:4:5-Trimethoxyphenacyl bromide, 375. 
C,,H,,ON, Cytisine, and its perchlorate, 507. 
1H,,0,N, Acetyl-6-nitro-4-ethoxy-o-toluidine, 821. 
C,,H,,0.N y-Phenoxy-a-methylbutyramide, 273. 
7: Acety1-4:6-dimethoxy-o-toluidine, 441. 
C,,H,,CIS Mesityl B-chloroethyl sulphide, 46. 
C,,H,,ON, Phenyl-tert.-amylnitrosoamine, 950. 
C,,H,,OS Mesityl 8-hydroxyethyl sulphide, 46. 
C,,H,,0.N, §-p-Nitrophenylethyltrimethylamine, salts of, 524. 
C,,H,,0,8, Phenylsulphonylethylsulphonylethylthiomethane, 308. 
11H,,0N a-m-Hydroxyphen seamstdieaiieinnians, and their salts, 1095. 
m-Methoxydiethylaniline, 1270. 
C,,H,,IS 8-Phenylethylmethylethylsulphonium iodide, 535. 
C,,H,,ON trans-Hexahydrohydrindene-2-acetamide, 1487. 
1:1H,,ON, a-Methylcyclohexylideneacetone semicarbazone, 1482. 
C,,H,,OAs Benzyldimethylethylarsonium hydroxide, salts of, 100. 
C,,H,,0,.N a-Methyl-a’-n-amylglutarimide, 509. 
C,,H,,ON, Oe I Pig Saree ate 1484. 
C,,H,,0S 2-Propyl-di-n-butylsulphonium hydroxide, picrate of, 993. 


11 IV 


C,,H,0,.BrS 6-Bromo-2-naphthylene 1-thiolcarbonate, 787. 

C,,H,0,N,Cl, 4-Chloro-2:6-dinitrophenylpyridinium chloride, 313. 
1:H,0,N,Br, 4-Bromo-2:6-dinitrephenyh, yridinium bromide, 313. 

C,,H,,ONC] 8-Chloro-2-methoxy-4-methylquinoline, 301. 

C,,H,,0,NBr, Benz-8fy-tribromo-a-hydroxybutylamide, 995. 

C,,H,,0,N,Cl, N-Nitrophenyl-N’-888-trichloro-a-ethoxyethylureas, 32. 

C,,H,,0,N,Cl, N-Tolyl-N’-888-trichloro-a-methoxyethylureas, 31. 
11H,,0,NAs Methyl p-arsonomethylmalonanilate, and its sodium salt, 1066. 

C,,H,,0CIS Mesityl 8-chloroethyl sulphoxide, 46. ‘ 

C,,H,,0,CIS Mesityl 8-chloroethylsulphone, 46. 

C,,H,,;0;N.As Methylmalonanilomethylamide-p-arsonic acid, and its sodium salt, 1066. 

C,,H,,0,NC] 1-Dimethylamino-5-furyl-4‘-penten-3-one hydrochloride, 839. 


11V 
C,,H,0,N,CIBr_ Bromodinitrophenylpyridinium chlorides, 313. 
C,,H,0,N,CII Iododinitrophenylpyridinium chlorides, 313. 
11H,,0,NCIBr, Benz-8-chloro-By-dibromo-a-hydroxybutylamide, 995. 
C,,H,,0,NC1.Br are Yee na a a ce 995. 
C,,H,,0;N.Cl,Au 3-8-Glucosido-4-methylglyoxaline methochloroaurate, 666. 


C,, Group. 


C,.H,. ni sre Ye aa 437. 
wH,y, y-Phenyl-a-methylbutadiene, 1497. 
C,,H,, Dimethyltetrahydronaphthalenes, 436. 
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120 
C,,H,,.0, 2:3-Dihydropentachromone, 235. 
Podophyllomerol, 86. 
C,.H,.N. Harman, 615. 
C,2Hi Cl, Di(chloromethyl)naphthalene, 485. 
C,.H,,Cl f-1-Naphthylethyl chloride, 1107. 
C,,H,,Br 1-Bromo-4:8-dimethylnaphthalene, and its picrate, 23. 
B-1-Naphthylethyl bromide, 1014. 
C,.H,.0, 6-Methyl-2-ethylchromone, 1389. 
C,.H,.0,; 7-Methoxy-2-ethylchromone, 432. 
C,.H,,0, -3:4-Dimethoxybenzoylpropionic lactone, 1088. 
»2H,.0; Pyrousnic acid, 1173. 
C,.H,.0, 5-Methoxyphenoxyacetic-2-pyruvic acid, 491. 
C,.H,,0 1-Ketodimethyltetrahydronaphthalenes, 436. 
C,.H,,0, 4:6-Dimethoxy-2:3-dimethylcoumarone, 717. 
2-Propionoacetyl-4-methylphenol, 1388. 
C,,.H,,0, Ethyl 2-aldehydo-5-methoxyphenoxyacetate, 491. 
C,.H,;N 2:2:4-Trimethyl-1:2-dihydroquinoline, 1328. 
C,,H,,O 1:7-Dimethyltetrahydro-1-naphthol, 436. 
C,,.H,,0, y-o-Xylyl-n-butyric acid, 436. 
C,.H,,O, Ethyl 8-hydroxy-8-phenyl-a-methylpropionate, 965. 
C,.H,,0, Ethyl homoveratrate, 1466. 
Ethyl a-3-methoxyphenoxypropionate, 716. 
Methy] a-3:5-dimethoxyphenoxyethyl ketone, 717. 
C,.H,,0; Methyl 2-hydroxy-6-methoxy-4-ethoxy-3-methylbenzoate, 71’. 
Methyl] 2:4:6-trimethoxy-3-methylbenzoate, 442. 
C,.H,,0 d-n-Butyl a-phenylethyl ether, 178. 
C,.H,,0, m-Methoxyphenyl-n-butylcarbinol, 1097. 
a-Methyl-trans-hexahydroindene-2-acetic acid, 1486. 
C,.H,,0, Ethyl tetrahydrophthalates, 1630, 1633. 
C,.H,,0, Ethyl cyclohexanone-2:6-dicarboxylate, 1630. 
C,.H,,0,. Methyl af-dimethoxyethane-aaff-tetracarboxylate, 643. 
C,.H,,.N tert.-Hexylaniline, and its hydrochloride, 950. 
C,.H,.0, a-Methyi-trans-hexahydrohydrindene-2-acetic acid, 1487. 
C,.H..0, Ethyl 2:6-dimethylcyclohexanone-2-acetate, 1015. 
C,.H,,P Tri-sec.-butylphosphine, 1044. 


12 Il 

C,,H,C1,8, _Hexachlorodipheny] disulphide, 47. 

C,.H,CL,S, 2:4:2’:4’-Tetrachlorodipheny] disulphide, 47. 

C,.H,O.Tl, Dithallium diphenyl, 1229. 

C,,.H,0,Cl 6-Chloro-2:3-dihydropentachromone, 1588. 
r-a-Naphthachloroacetic acid, 36. 

C,,H,O.Ti Thallium diphenol, 1229. 

C,,.H,O,;N, Nitroaceto-a-naphthalides, 1205. 

C,.H,O,N 6-Nitro-2:3-dihydropentachromone, 235. 

C,.H,O,N, 3-Carbethoxy-4:5-diketo-1-p-nitrophenylpyrazolone hydrate (+ H,0,), 1393. 

C,.H,,O,N, 1:4-Diacetoxyphthalazine, 1335. 

C,,.H,,O,.N, 3-Carbethoxy-4-ketoisooxazolone-4-p-nitrophenylhydrazone, 1392. 
4-Oximino-3-carbethoxy-1-p-nitrophenyl-5-pyrazolone, 1393. 

C,.H,,.NBr 3-Bromo-2’-aminodiphenyl, 1591. 

C,,H,,C1],S Chloro-8-naphthyl £-chloroethyl sulphide, 48. 

C,.H,,0.N 6-Amino-2:3-dihydropentachromone, 235. 

C,.H,,0;,N, 4-Hydroxy-3-carbethoxy-1-(nitrophenyl)pyrazoles, 479. 

C,.H,,0,N, 1-Ethyl 2-hydrogen diketosuccinate p-nitrophenylhydrazone, 1393. 

C,,H,,CIS Naphthyl f-chloroethyl sulphides, 47. 

C,.H,,0S Naphthyl £-hydroxyethyl sulphide, 47. 

C,.H,,.0,N, Nitro-l-acetyl-2:3-dimethylindole, 958. 

C,,H,.0,8 Naphthyl-a-hydroxyethylsulphones, 47. 

C,.H,.N.S, 2:2’-Diaminodipheny] disulphide, picrate of, 297. 

C,.H,,0ON 1-Acetyl-2:3-dimethylindole, 958. 
10-Hydroxy-1:2:3:10-tetrahydrocarbazole, 299. 

C,.H,,0.N 1-Acetyl-2-hydroxymethyl-3-methylindole, 958. 
2:6-Dimethoxy-4-methylquinoline, 301. 
2-Hydroxy-6-ethoxy-4-methylquinoline, 1032. 

C,.H,,0,C1 5-5-Chloro-2-hydroxybenzoylvaleric acid, 1588. 

12H,;0;N 4:5-Dimethoxyphenoxyacetic acid-2-acetonitrile, 1164. 

C,.H,,0;N, Ethyl nitrophenylazoacetoacetates, 476. 

C,.H,,0,N B-2-Nitro-4:5-dimethoxybenzoylpropionic acid, 1467. 

B-6-Nitro-3:4-dimethoxybenzoylpropionic acia, 1089. 

C,.H,,NBr, 3:4:6:8-Tetrabromo-2:2:4-trimethyl-1:2:3:4-tetrahydroquinoline, 1329. 

C,.H,,0,8 p-Carbethoxyphenylthioacetone, 1507. 

C,.H,,0,N, Mesityl oxide 2:4-dinitrophenylhydrazone, 731. 

C,.H,,0,8 p-Carbethoxyphenylsulphonylacetone, 1508. 

C,.H,,NC] Chloro-2:2:4-trimethyl-1:2-dihydroquinolines, 1330. 
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C,.H,,0,N, Ethyl 2-aldehydophenoxyacetate semicarbazone, 492. 

C,.H,;0;N -2-Amino-4:5-dimethoxybenzoylpropionic acid, 1467. 
B-6-Amino-3:4-dimethoxybenzoylpropionic acid, 1089. 

C,,H,,0.N, N a utyl methyl ketone, 366. 

C,,H,,ON tert.-Butylacetanilide, 948. 

C,.H,,0,N Acetyl-6-methoxy-4-ethoxy-o-toluidine, 822. 

C,,H,,0;N, Methyl-a-3-methoxyphenoxyethyl ketone semicarbazone, 717. 

C,.H,,0,N, a-Diethylamino-f-(2:4-dinitrophenyl)ethane, picrate of, 302. 

C,,H,,0N, Pheny]-tert.-hexylnitrosoamine, 950. 

C,.H,,0,N, 4-Nitroso-3-n-butoxydimethylaniline, and its hydrochloride, 661. 

C,,H,,ON 3-n-Butoxydimethylaniline, 661. 
m-Ethoxydiethylaniline, 1268. 
a-m-Hydroxyphenyl-n-butyldimethylamine, and its salts, 1097. 
a-Methoxyphenylpropyldimethylamines, and their salts, 1094. 
a-Methyl-trans-hexahydroindene-2-acetamide, 1486. 

C,,HoIAs 2:4:6-Trimethylphenyldimethylarsine methiodide, 1592. 

C,,H,,ON trans-Hexahydrohydrindyl-2-acetoxime, 1487. 
a-Methyl-trans-hexahydrohydrindene-2-acetamide, 1487. 

C,,H;,0,Br, §-Bromo-n-butaldehyde trimeride, 818. 


C,,H,O,NBr 3-Bromo-2’-nitrodiphenyl, 1591. 

C,,H,O;N,Cl, 5-Chloro-3-carbethoxy-4-hydroxy-1-(2’:6’-dichloro-4’-nitrophenyl)pyrazole, 1392. 
5:5-Dichloro-3-carbethoxy-1-(2’-chloro-4’-nitrophenyl)-4-pyrazolone, 1391. 

oHoRn 5-Bromo-4-hydroxy-3-carbethoxy-1-(2’:6’-dibromo-4’-nitrophenyl)pyrazole, 479. 
1 


ON.Cl,; Acetyl-af-dichlorocrotonaldehyde 2:4:5-trichlorophenylhydrazone, 1490. 
C,;H,0,N,Ci, 4-Hydroxy-3-carbethoxy-1-(2’:6’-dichloro-4’-nitropheny])pyrazole, 1146. 
C,,H,O,N,Cl, 5:5-Dichloro-3-carbethoxy-1-nitrophenyl-4-pyrazolones, 1391. 
C,,H,O,N,Br, 5-Bromo-4-hydroxy-3-carbethoxy-1-(2’-bromo-4’-nitrophenyl)pyrazole, 479. 

4-Hydroxy-3-carbethoxy-1-(2’:6’-dibromo-4’-nitrophenyl)pyrazole, 479. 
C,.H,O;N;,Br, Ethyl 2:6-dibromo-4-nitrophenylazo-yy-dibromoacetoacetate, 478. 
C,,H,0,N,Cl, 5-Chloro-3-carbethoxy-4-hydroxy-1-(2’-chloro-4’-nitrophenyl)pyrazole, 1391. 
C,.H,,ON.Cl, Acetyl-af-dichlorocrotonaldehyde 2:5-dichlorophenylhydrazones, 1489. 
C,,H,,ON.Cl, aaff-Tetrachlorobutaldehyde 2:5-dichloro-N-acetylphenylhydrazone, 1489. 

12H,,0,.N,Br 3-Bromo-2’-nitrobenzidine, 1590. 
C,:H,,.0,BrAs 3’-Bromodiphenylyl-2-arsonic acid, 1591. 
C,.H,,0;N,Cl 5-Chloro-3-carbethoxy-4-hydroxy-1-nitrophenylpyrazoles, 1391. 

4-Hydroxy-3-carbethoxy-1-(2’-chloro-4’-nitrophenyl)pyrazole, 1146. 

C,,H,,0;N,Cl, Ethyl Seb Sieh iecn-4-clbsanhandlons--cibenenemnadietn, 1146. 
C,,H,,0;N,Br 5-Bromo-4-hydroxy-3-carbethoxy-1-(nitrophenyl)pyrazoles, 479. 

4-Hydroxy-3-carbethoxy-1-(2’-bromo-4’-nitro sae poe 479. 
C,.H,,0,N,Br, Ethyl 2:6-dibromo-4-nitrophenylazo-y-bromoacetoacetate, 477. 
C,,H,,0,N,Br, Ethyl 2-bromo-4-nitrophenylazo-yy-dibromoacetoacetate, 478. 
C,,H,,0,CIS Naphthyl-8-chloroethylsulphones, 47. 
C,,H,,0;N,Cl, Ethyl chloronitrophenylazo-y-chloroacetoacetate, 1146. 

Ethyl 2:6-dichloro-4-nitrophenylazoacetoacetate, 1145. 
C,.H,,0,N,Br, Ethyl 2-bromo-4-nitrophenylazo-y-bromoacetoacetate, 477. 

Ethyl] 2:6-dibromo-4-nitrophenylazoacetoacetate, 476. 

Ethyl nitrophenylazo-yy-dibromoacetoacetates, 477. 
C,,H,,ONC] 2-Chloro-6-ethoxy-4-methylquinoline, 1032. 
C,,.H,,ONBr 1-Acetyl-2-bromomethyl-3-methylindole, 958. 
C,,H,,0;N,Cl Ethyl chloronitrophenylazoacetoacetates, 1145. 

Ethyl nitrophenylazo-y-chloroacetoacetates, 1146. 
C,.H,,0,N,Br Ethyl nitrophenylazo-y-bromoacetoacetates, 477. 

12H,,0,NAs p-Oxyarsinoadipanilic acid, 92. 

C,.H,;0,N.Cl, N-Tolyl-N’-£f8-trichloro-a-ethoxyureas, 31. 
C,,H,,O,NAs p-Arsonoadipanilic acid, 92. 

Ethyl p-arsonomethylmalonanilate, and its sodium salt, 1066. 
C,,H,,0,.BK Potassium methyl borotartrate, 955. 

efi Adipanilamide-p-arsonic acid, and its sodium salt, 92. 

ethylmalonaniloethylamide-p-arsonic acid, and its sodium salt, 1066. 


12V 
C,,H,O.N,CIS 4-Chloro-2-nitro-2’-aminodipheny] sulphide, 1492. 
C,,H,O,N,CIS 4-Chloro-2-nitro-2’-aminodipheny] sulphoxide, 1492. 
C,,H,,0;N,Cl r Ethyl 2:6-dichloro-4-nitrophenylazo-y-bromoacetoacetate, 1146. - 
12H,,0,N,CIBr Ethyl 2-chloro-4-nitrophenylazo-y-bromoacetoacetate, 1146. 
C,.H,,0,NCI,As p-Dichloroarsinoadipanilic acid, 92. 
C,,H,,N,I,.FeHg, Hexamethylferrocyanogen mercuri-iodides, 103. 


C,, Group. 
C,;H,, 4:5-Benzohydrindene, 1085. 
C,;H,, Hexahydrofluorene, 1109. 
1:2-cycloPentano-1:2:3:4-tetrahydronaphthalene, 1085. 
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C,,H,N 2-Phenylacetylenylpyridine, nitration of, 79. 

C,;H,.O Diphenylaldehydes, 43, 44. 

C,3;H:00, Podophyllomeronic acid, 85. 

C,;HioI, 3:5-Di-iododiphenylmethane, 1063. 

C,;H,,N 2-Stilbazole, nitration of, 79. 

C,,;H,,.0, 4:8-Dimethyl-1-naphthoic acid, 23. 
2-Hydroxy-5-methyldiphenyl, 1404. 
1:2:3:4-Tetrahydroxanthone, reactions of, 232. 

C,,;H,.0, _5:6-Dimethoxy-1-hydrindone-2-glyoxylic acid, 611. 

C,;H,,N Phenylbenzylamines, and their picrates, 43, 44. 
2-8-Phenylethylpyridine, nitration of, 79. 

C,;H,,0, 6:7-Dimethoxy-2-methylnaphthalene, 86. 

C,;H,,0; 7-Methoxy-3-methyl-2-ethylchromone, 433. 

C,;H,,0, Usnetol, 1173. 

C,;H,,0; 6-Hydroxy-4-methoxy-2:3:5-trimethylcoumarone-7-carboxylic acid, 718. 
Methyl 4:6-dihydroxy-2:3:7-trimethylcoumarone-5-carboxylate, 720. 

C,;H,,N, 2-8-Aminophenylethylpyridines, 81. 
p-Dimethylaminophenylpyridine, 1499. 

C,,H,,N §-Naphthylisopropylamine, action of heat on hydrochloride of, 496. 

C,;H,.0 1-Keto-7-:sopropyltetrahydronaphthalene, 436. 

C,;H,,0, 4:6-Dimethoxy-2:3:7-trimethylcoumarone, 718. 

O-Dimethylusneol, 716. 
6-Hydroxy-4-ethoxy-2:3:5-trimethylcoumarone, 720. 
Keto-6:7-dimethoxy-2-methyl-1:2:3:4-tetrahydronaphthalenes, 86. 

C,;H,,0, Ethyl 3:4-dimethoxycinnamate, 1466. 
e-o-Hydroxybenzoylhexoic acid, 234. 

C,;H,,0, Ethyl methylphloroglucinoldicarboxylate, 440. 

C,;H,,0 2-8-Phenylethylcyclopentanol, 1085. 
1:5:8-Trimethyltetrahydronaphthol, 436. 

C,;H,,0, y-p-Cumyl-n-butyric acid, 436. 

B-2-Cymylpropionic acid, 129. 

C,;H,,0, 2:6-Dimethoxyisovalerophenone, 1164. 
Ethyl y-phenoxy-a-methylbutyrate, 272. 

C,;H,,0, 2-Hydroxy-4:6-dimethoxy-3-methyl-n-butyrophenone, 823. 
Methyl a-3:5-dimethoxy-2-methylphenoxyethyl ketone, 718. 

C,,H,,0; Ethyl 3-carbethoxy-4*-cyclohexeneoxalate, 1631. 

Methyl 2:6-dimethoxy-4-ethoxy-3-methylbenzoate, 719. 
C,;H.,N Methyl-tert.-hexylaniline, and its picrate, 950. 


13 


C,;H,O.N, 2-Nitrophenylacetylenylpyridines, 83. 
C,;H,0.Br, 0o-Bromophenyl] o-bromobenzoate, 1402. 
C,;H,0,N, 3:5-Dinitrobenzaldehyde 2:4-dinitrophenylhydrazone, 315. 
C,;H,0,,.N, 3:3’5:5’-Tetranitro-2:2’-dihydroxydiphenylmethane, 700. 
C,;H,OC1 Diphenyl-4-carboxyl chloride, 42. 
C,;H,O;N Nitrodiphenyl-4’-aldehydes, 971. 
C,;H,O,N, 3’:5’-Dinitrobenzylideneaniline, 315. 

Dinitrostilbazoles, 82. 
C,;H,O,N; 3:5-Dinitrobenzaldehyde p-nitrophenylhydrazone, 315. 
C,;H,,0.N, Nitrostilbazoles, 82. 
C,;H,,0.Br., Dibromotetrahydroxanthone, 234. 
3:5-Dinitrobenzaldehyde phenylhydrazone, 315. 


13H,,0,N, 5:5’-Dinitro-2:2’-dihydroxydiphenylmethane, 699. 
C,;H,.NBr, 3:5:4’-Tribromo-4-aminodiphenylmethane, 1062. 


C,;H,,0.Cl 7-Chlorotetrahydroxanthone, 233. 
C,;H,,0,.Br 7-Bromotetrahydroxanthone, 234. 
C,;H,,0,N 7-Nitrotetrahydroxanthone, 233. 
13H,;0,N, 3:4’-Dinitro-4-aminodiphenylmethane, 1064. 
C,;H,,0,As 9-Fluorenol-2-arsonic acid, and its sodium salt, 1456. 
3:5-Dibromo-4-aminodiphenylmethane, 1062. 
C,;H,,NI, 3:5-Di-iodo-4-aminodiphenylmethane, 1063. 
C,,;H,,0.N, 3-f8-Nitrophenylethylpyridines, 81. 
y-Phthalimido-a-methylbutyronitrile, 1477. 
C,;H,,0.Cl, 10:11-Dichlorohexahydroxanthone, 234. 
13H,,0,N, 3’-Nitro-2-stilbazolealkine, 78. 
C,;H,,.NCl p-Chlorobenzhydrylamine, and its salts, 1304. 
C,,H,.NBr 3-Bromo-4-aminodiphenylmethane, 1062. 
C,,H,,0N 7-Aminotetrahydroxanthone, 233. 
C,,H,,0,N y-Phthalimido-a-methylbutyramide, 1477. 
13H,;0,N, 1-Ethyl 2-methyldiketosuccinate 1-nitrophenylhydrazones, 1392. 
C,,H,,0,N, a-Ethylcrotyl 3:5-dinitrobenzoate, 1498. 
C,;H,;0.N aE ee ae ~ 1. 
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C,,;H,,0,N 9:10-Dihydroxy-8-acetyltetrahydropentindole, 300. 
C,,H,,0,N 8-Ethylcrotyl p-nitrobenzoate, 1498. 
13H,;0,C1 -5-Chloro-2-hydroxybenzoylhexoic acid, 234. 
5-5-Chloro-2-methoxybenzoylvaleric acid, 1588. 
C,;H,,0,Br ¢-5-Bromo-2-hydroxybenzoylhexoic acid, 234. 
13H,;0;N Methyl 4:5-dimethoxyphenoxyacetate 2-acetonitrile, 1164. 
C,,;H,,;0,N 5-5-Nitro-2-methoxybenzoylvaleric acid, 1587. 
C,;H,,0,N Methyl 8-6-nitro-3:4-dimethoxybenzoylpropionate, 1089. 
1344,505 4:5-Dimethoxyphenoxyacetic acid-2-acetoxime, 1164. 
C,,;H,,0,Br, Ethyl 3:4-dimethoxycinnamate dibromide, 1466. 
C,,;H,,0,;8 a-p-Carbethoxyphenylsulphonylethyl methyl ketone, 1509. 
13H,,0,N Ethyl hydrogen dimethylmalonanilide, 1617. 
6:7-Methylenedioxy-4-ethoxy-2-methyltetrahydroisoquinoline, picrate of, 279. 
C,;H,,0,N 5-5-Amino-2-methoxybenzoylvaleric acid, 1587. 
isH,;0,N, _a-Piperidino-f-(2:4-dinitrophenyl)ethane, picrate of, 302. 
C,,;H,,0;N Methyl £-6-amino-3:4-dimethoxybenzoylpropionate, 1089. 
C,,;H,,0;N, Ethyl 2-aldehydo-5-methoxyphenoxyacetate semicarbazone, 491. 
13H,,0,N, Nitroso-8-benzylaminoisobutyl methyl ketone, 366. 
Nitroso-8-m-tolylaminoisobutyl methyl ketone, 366. 
C,,;H,,0,Pt Trimethylplatinum benzoylacetone, 22. 
C,,H,,0,8 Anhydro-d-camphorsulphonylacetone, 308. 
13H,,ON £-Benzylaminoisobutyl methyl ketone, and its hydrochloride, 366. 
13H,,0,N Acetyl-4:6-diethoxy-o-toluidine, 821. 
13H,,0,N Homopiperonyldimethylaminodimethylacetal, 279. 
13H,,0,N, Methyl a-3:5-dimethoxy phenoxyethyl ketone semicarbazone, 717. 
13H[_0,N, a-m-Hydroxyphenylpropyldimethylamine methylurethanes, 1095. 
13H,,0 a-m-Hydroxyphenyl-n-amyldimethylamine, and its salts, 1097. 
a-m-Methoxyphenyl-n-butyldimethylamine, 1097. 
C,,;H,,0,Br Ethyl y-bromo-8-methyl-n-propane-ayy-tricarboxylate, 815. 
C,;H,.IAs 2:4:6-Trimethylphenyldimethylarsine ethiodide, 1591. 
13H,,0N trans-Hexahydrohydrindyl-2-acetone semicarbazone, 1487. 
a-Methyl-trans-hexahydrohydrindy1-2-acetoxime, 1487. 
C,,;H.,0As Benzyltriethylarsonium hydroxide, salts of, 100. 
C,,H, IP Methyltri-sec.-butylphosphonium iodide, 1044. 


13 IV 
C,,H,ONC], 1:4-Dichloroacridone, 1372. 
C,,H,ONBr, 1:4-Dibromoacridone, 1372. 
C,,H,0,N.Cl 4-Chloro-1-nitroacridone, 1372. 
C,;H,ONC], 2:5-Dichlorodiphenylamine-6’-carboxylic acid, 1372. 
C,,H,O,.NBr, 2:5-Dibromodiphenylamine-6’-carboxylic acid, 1372. 
C,;H,0,N,Cl 5-Chloro-2-nitrodiphenylamine-6’-carboxylic acid, 1372. 
C,,;H,0,N,Br 3:5-Dinitrobenzaldehyde p-bromophenylhydrazone, 315. 
C,;H,,ON.Cl, s-Dichlorophenylureas, 1263. 
134,;00,N,Br 5-Bromo-3:4’-dinitro-4-aminodiphenylmethane, 1064. 
C,;H,,0,NS 2-Nitrophenyl-4-hydroxy-m-tolyl sulphoxide, 1493. 
C,;H,,0,N,8 m-Nitrobenzenesulphonnitrotoluidides, 1290. 
C,;H,,0,N.S 2-0-Nitrophenylaminophenyl! methyl] sulphoxide, 1492. 
C,;H,.0,NAs 7-Aminofluorenol-2-arsonic acid, and its sodium salt, 1456. 
C,;H,,0,N.S 2-0-Nitrophenylaminophenylmethylsulphone, 1492. 
C,;H,,0,N,Cl, N-Acetyl-N-nitrophenyl-N Li bliin otanbetyetiglunns, 31. 
C,;H,,0,N,Cl 1-Ethyl-2-methyl diketosuccinate 1-(2’-chloro-4’-nitrophenylhydrazone), 1392. 
C,;H,,0,N,Br 1-Ethyl 2-methyl diketosuccinate 1-(2’-bromo-4’-nitrophenylhydrazone), 1392. 
C,;H,,0,NAs Methyl p-arsonoadipanilate, 92. 
C,.H,,0;N.As Adipanilomethylamide-p-arsonic acid, and its sodium salt, 92. 
Methylmalonanilo-n-propylamide-p-arsonic acid, and its disodium salt, 1066. 
C,;H,,0,NC] 1-Diethylamino-5-furyl-44-penten-3-one hydrochloride, 840. 


13 V 


C,;H,,0,N.CIS 2-p-Chloro-o-nitrophenylaminopheny! methyl sulphoxide, 1493. 
C,;H,,0,N,CIS 2-p-Chloro-o-nitrophenylaminophenylmethylsulphone, 1493. 


C,, Group. 


C,,H,, Anthracene, equilibrium of, with phenanthrene, 650. 
Phenanthrene, equilibrium of, with anthracene, 650. 

C,,H,, 1-Methyl-4-isopropenylnaphthalene, 24. 

C,,H,, 1-Methyl-4-isopropylnaphthalene, 130. 

C,,H,, Octahydrophenanthrene, 1465. 
1:2-cycloPentano-1-methyl-1:2:3:4-tetrahydronaphthalene, 1085. 
1-8-Phenylethylcyclohexene, 1464. 
1-8-Phenylethyl-4!-cyclohexene, 1107. 
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C,,H,,.0, 2-Hydroxy-5-methyldiphenyl-2’-carboxylic acid, 1403. 

C,,H,,.0; 7-Hydroxy-2:3-diphenylchromone, 1388. 

C,,H,,0, Hydroxypheny! benzyl ketones, 1461. 

Phenyl phenylacetate, 1461. 

C,;H,;N 4’-Methyl-2-stilbazole, 78. 

C,,H,,0 4-Hydroxy-1:2:3:4-tetrahydroxyphenanthrene, 404. 
2-Methoxy-5-methyldiphenyl, 1404. 

C,,H,,0, Ethyl a-naphthylglycollates, optically active, 705. 
3-Propiony]-2:6-dimethylchromone, 1389. 

C,,H,,0, Usnetic acid, 1173. 

C,,H,,0, w-2:4-Triacetoxyacetophenone, 372. 

C,,H,,O0 Benzyl 4!-cyclohexenyl ketone, 1464. 
Dimethyl-(4-methyl-1-naphthyl)carbinol, 24. 
1-Phenylacetyl-41-cyclohexene, 1106. 

C,,H,,0, O-Methylusnetols, 1178. 
a-Phenylcrotyl hydrogen succinate, 1498. 

C,,H,,0; O-Dimethylpyrousnic acid, 1177. 
6-Hydroxy-4-ethoxy-2:3:5-trimethylcoumarone-7-carboxylic acid, 719. 
Methyl 6-hydroxy-4-methoxy-2:3:5-trimethylcoumarone-7-carboxylate, 718. 

C,,H,,0 2-8-Phenylethylcyclohexanone, 1465. 

C,,H,,0, «-2-Hydroxy-5-methylbenzoylhexoic acid, 234. 
a-(B-Phenylethyl)adipic acid, 1084. 

C,,H,,0; a-Methyl a-3-hydroxy-5-methoxy-2-acetyl-4-methylphenoxyacetone, 1179. 

C,,H,,0, Ethyl 1:1-dimethylcyclohexane-2:4:6-trione-3:5-dicarboxylate, 1617. 

C,,H,,0 1-Methyl-2-8-phenylethylcyclopentanol, 1085. 
Methylisopropyltetrahydro-1-naphthol, 436. 
1-8-Phenylethylcyclohexanol, 1107. 

B-Phenylethylcyclohexanols, 1464. 

C,,H..0, 8-2-Cymylisobutyric acid, 129. 

C,,H.,0, 2-Hydroxy-4-methoxy-6-ethoxy-3-methyl-n-butyrophenone, 822. 

C,,H..0,, Methyl S-methyl-n-propane-aaByy-pentacarboxylate, 814. 

C,,H..0, Ethyl a-methyl-trans-hexahydroindene-2-acetate, 1486. 

C,,H..0, Ethyl 1-ethyl-4?-cyclohexene-1:3-dicarboxylate, 1631. 

C,,H..0, Ethyl 2-carboxycyclohexanone-2-8-propionate, 1015. 

C,,H..0, Myristic acid, films of, on aqueous solutions, 1525. 


14 
C,,H,O,N, 3:5:3’:5’-Tetranitrobenzaldazine, 315. 
C,,H,,0.As, 4:4’-Dialdehydoarsenobenzene, 352. 
C,,H,,0O;N, 2:4’-Dinitro-4-acetyldiphenyl, 970. 
C,,H,,0,N, Acetophenoneoxime picryl ether, 810. 
C,,H,,0,N 2-Nitro-4’-acetyldiphenyl, 970. 
14H,,0,N; ’:5°-Dinitrobonzylidene-p-toluidine, 315. 
14H,.0,N, 3:3’-Dinitro-2:2’-azoxytoluene, 501. 
C,,H,.N.S 2’-Amino-1-phenyl-3-methylbenzthiazole, and its salts, 297. 
C,,H,,0N, Diphenylaldehyde semicarbazones, 43, 44. 
C,,H,,0,.C1 Ethyl a-naphthylchloroacetates, optically active, 713. 
C,,H,,0,.Cl, 10:11-Dichloro-7-methylhexahydroxanthone, 235. 
C,,H,,0,N,, Nitrotheophylline, 642. 
C,,H,,NBr 3-Bromo-2’-dimethylaminodipheny]l, 1591. 
C,,H,,ON 4’-Methyl-2-stilbazolealkine, 78. 
C,,H,,0,N 6:7-Dimethoxyquinoline-4-propionic acid, 1089. 
C,,H,,0,N, Ethyl diketosuccinate nitrophenylhydrazones, 1392. 
C,,H,,0,N, Ethyl diketosuccinate oximino-p-nitrophenylhydrazone, 1392. 
C,,H,,.N.S. 3:3’-Diamino-2:2’-ditolyl disulphide, 501. 
Diaminoditolyl disulphides, and their salts, 297. 
C,,H,,N,Cl 8-Chloro-2-piperazino-4-methylquinoline, 301. 
C,,H,,ON 1-Acetyl-2:2:4-trimethyl-1:2-dihydroquinoline, 1328. 
8:9-Benz-4**°-homogranaten-3-one, and its salts, 555. 
C,,H,,0,N O-Methylisousnetol oxime, 1178. 
C,,H,,0,N £-6-Acetamido-3:4-dimethoxybenzoylpropionic acid, 1089. 
C,,H,,0.N, §-6:7-Dimethoxyquinaldyl(4)-ethylamine, and its dihydrochloride, 1468. 
uH,,ON -8:9-Benz-4**-homogranaten-3-ol, 555. 
2-B-Phenylethylcyclohexanone oxime, 1465. 
C,,H,,ON, 2-8-Phenylethylcyclopentanone semicarbazone, 1084. 
14H,,0.N, Nitrosoanagyramine, 508. 
C,,H.,ON, Anagyramine, 508. 
C,,H..0,8 2-p-Toluenesulphonyl 8-methylglucoside, 225. 
14H2,0,N, 2:6-Dimethoxyisovalerophenone semicarbazone, 1164. 


C,,0.,0,N, Methyl a-3:5-dimethoxy-2-methylphenoxyethyl ketone semicarbazone, 718. 


C,,H..0.N, a-m-Hydroxyphenyl-n-butyldimethylamine methylurethane, 1097. 
14H.30N a-m-Methoxyphenyl-n-amyldimethylamine, and its salts, 1097. 

C,,H,,NBr Benzyl-tert.-butylcarbinyldimethylammonium bromide, 68. 
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14 IV 


C,,H,O,NCl, Trichlorophthalanil, 143. 
C,,H,ON,Br, w-Bromophenylglyoxal 2:4:6-tribromophenylhydrazone, 481. 
C,,H,O,NCl 8-Chloro-l1-aminoanthraquinone, 448. 


Croat w-Bromophenylglyoxal ce eeenapenaasenaene 481. 
C,,H,0,N,Cl, w-Chlorophenylglyoxal chloronitrophenylhydrazones, 1626. 
C,,H,O,N,Cl p-Chloroacetophenoneoxime picryl ether, 811. 
cl 4-Chloro-1-methylacridone, 1372. 

14H 0 2 w-Bromophenylglyoxal p-bromophenylhydrazone, 481. 
C,4H,,0,N,Cl w-Chlorophenylglyoxal nitrophenylhydrazones, 1626. 
C,,H,,0,N,Br w-Bromophenylglyoxal p-nitrophenylhydrazone, 1625. 
C,,H,,0,N,8 4:5-Dinitro-o-tolyl o-nitro-p-toluenesulphonate, 1166. 
C,,H,,0,NC1 5-Chloro-2-methyldiphenylamine-6’-carboxylic acid, 1372. 

14H,,0,N,8 2-Nitro-2’-acetamidodiphenyl sulphoxide, 1492. 
C,,H,,0,N.S,. 3:3’-Dinitro-2:2’-ditoly disulphi e, 501. 
C,,H,,0,N.S 4-Nitro-o-tolyl nitro-p-toluenesulphonate, 1166. 

14H,,0;NS 4-Nitro-o-tolyl p-toluenesulphonate, 1166. 

u4H,,0;N.As 7-Carbamido-9-fluorenol-2-arsonic acid, and its sodium salt, 1457. 
C,,H,,0,N.Cl, N-Acetyl-N-tolyl-N’-88f8-trichloro-a-acetoxyureas, 31. 
C,,H,,ONC1 1-8’-Phenylethylcyclohexene nitrosochloride, 1464. 
C,,H,,0,N.Cu Di(methylamino) cupric diphenol, 1230. 
C,,H..0,NC] 1-Piperidino-5-furyl-4*-penten-3-one hydrochloride, 840. 
C,,H.,.0,NAs Ethyl p-arsonoadipanilate, and its sodium salt, 92. 
C,,H,,0;N,As Adipanilodimethylamide-p-arsonic acid, and its sodium salt, 92. 

Adipaniloethylamide-p-arsonic acid, and its sodium salt, 92. 
C,,H,,ONI a-m-Methoxyphenyl-n-butyldimethylamine methiodide, 1097. 


14V 


C,,H,ON,CIBr, co iareieantaigenel 2:4:6-tribromophenylhydrazone, 481. 
C,,H,,0,N.CIS 4-Chloro-2-nitro-2’-acetamidodipheny! sulphoxide, 1492. 


1410 





CisHcO-N SAS, 3:3’-Diamino-4:4’-dihydroxyarsenobenzene-N N’-dimethylenesulphurous acid, disodium 
salt, 1011 


C,,H..N,1,FeHg Tetramethyldiethylferrocyanogen mercuri-iodides, 103. 


C,, Group. 


C,;H,, Dehydrocadalene, and its picrate, 24. 
1sH,, Cadalene, synthesis of, 23. 

C,;H,, 1:7-Dimethyl-4-isopropylnaphthalene, 129. 

C,;H.. Methyloctahydrophenanthrene, 1084. 





15 0 


C,,H,,O0 Phenanthrene-9-aldehyde, 40. 
C,;H,,0, Daidzein, 274. 
6:7-Dihydroxyflavone, 1075. 
Primetin, attempted synthesis of, 1621. 
C,;H,,0; Helminthosporin, synthesis of, 488. 
C,;H,,.0, Tetrahydroxyflavone, 1075. 
C,;H,,0, Robinetin, 269. 
C,,H,,0 Chalkone, nitration of, 344. 
C,;H,,0, 2-Ethyl-a-naphthachromone, 433. 
1-Hydroxy-2-methylanthrone, 1519. 
C,;H,.0, 4-0-Benzoylresacetophenone, 1384. 
C,,H,,N 9-Phenanthrylmethylamine, and its picrate, 40. 
r-Phenyl-m-tolylacetonitrile, 335. 
C,;H,,0 2:2-Dimethyldibenzopyran, 1403. 
C,;H,,0, Ethyl 4:8-dimethyl-1-naphthoate, 23. 
2-Hydroxy-2’-a-hydroxyisopropyldiphenyl, 1403. 
C,;H,,0, Ethyl 5:6-dimethoxy-1-hydrindone-2-glyoxylate, 611. 
O-Methylusnetic acid, 1178. 
C,;H,8,; «a’-Bisphenylthiopropane, 309. 
C,,H,,N Benzhydryldimethylamime, and its picrate, 73. 
C,;H,,0, 5:7-Dimethoxy-2:8-dimethyl-3-ethylchromone, 823. 
Ci5H.05 Methyl O-dimethylpyrousnate, 1177. 
ethyl 6-hydroxy-4-ethoxy-2:3:5-trimethylcoumarone-7-carboxylate, 719. 
C,;H,,0, Ethyl veratroylacetoacetate, 1471. 
C,;H,.0, O-Diethylusneol, 716. 
C,;H.,.0, (2-Cymylmethyl) methylmalonic acid, 129. 
a-(8-Phenylethy]l) pimelic acid, 1083. 
1sHy0; 2-Acetoxy-4:6-dimethoxy-3-methyl-n-butyrophenone, 823. 
C,;H.,.0, Ethyl 2-acetyl-3:5-dimethoxy-6-methylphenoxyacetate, 444. 
C,;H..O, Methyl 4-methoxysalicylate £-glucoside, 1619. 
C,;H,,0 Methyl-2-8-phenylethylcyclohexanols, 1083. 
C,;H,.0, 2-Hydroxy-4:6-diethoxy-3-methyl-n-butyrophenone, 821. 
1700 





Formula Index. 


C,;H..0, Ethyl hexane-2:4-dione-1:3:5-tricarboxylate, 440. 
C,;HegN. Hexahydrodeoxyanagyrine, and its salts, 509. 
l-Sparteine, and its perchlorate, 510. 
15 I 


C,;H,0,Cl, 6-Chloroanthraquinone-1-carboxyl chloride, 449. 
C,;H,0,C1 Chloroanthraquinone-1-carboxylic acids, 448. 
C,;H,0,,N, Di-3:3’-(5-nitrosalicylic acid) ketone, 700. 
C,;H,OC1 9-Phenanthroyl chloride, 40. 

C,,H,O,Br 3-Bromoalizarin 2-methyl ether, 1520. 

C,;H,,0;N, 3-Nitro-1-benzoyl-5-(3-pyridyl)pyrazole, 687. 
C,;H,,ON Phenanthrene-9-aldoxime, 40. 

C,;H,,0,Br 4-Bromo-1-hydroxy-2-methoxyanthrone, 1517. 
C,;H,,0,C1 Morinidin chloride, 373. 

C,;H,,0,N, Homopiperonal 2:4-dinitrophenylhydrazone, 1531. 

1sH,,NBr Bromo-2-phenyl-3-methylindoles, 959. 

C,;H,,0,N Ethyl 4-nitrodiphenyl-4’-carboxylate, 971. 
C,;H,,0,N; 3:4’-Dinitro-4-acetamidodiphenylmethane, 1064. 
C,;H,,0,8. p-Carboxyphenylsulphonyl-p-tolylthiomethane, 1508. 
C,;H,,0.8, p-Carboxyphenylsulphonyl-p-tolylsulphonylmethane, 1508. 
C,;H,,;ON Phenyibenzylamine acetates, 43, 44. 
8-Di-p-anisylurea, 1263. 
8-6:7-Dimethoxyquinaldyl(4)-propionic azide, 1468. 
C,;H,,0,8, Bisphenylsulphonylpropane, 308. 
C,;H,,ON m-Hydroxydiphenylmethyldimethylamine, and its salts, 1097. 
C,;H,,0.N /-a-Phenylethylamine benzoate, 1503. 
B-6:7-Dimethoxyquinaldyl(4)-propionic acid, 1468. 

. 1-Ethy]l 2-n-propyldiketosuccinate 1-p-nitrophenylhydrazone, 1392. 
C,;H,,N.Cl 8-Chloro-2-piperidino-4-methylquinoline, 301. 
C,;H,,0.N, Anagyramide, 508. 

C,;H,.NBr Benzhydryldimethylammonium bromide, 75. 
Dibenzylmethylammonium bromide, 75. 

C,;H,,ON, Benzyl 4!-cyclohexenyl ketone semicarbazone, 1464. 
6-Methoxy-2-piperazino-4-methylquinoline, 301. 

C,;H,,0O,N 5-5-Acetamido-2-methoxybenzoylvaleric acid, 1587. 

C,;H,,ON, Anagyrine, and its perchlorate, 507. 

C,;H.,ON a-cycloHexylpropionanilide, 1483. 

C,;H,,ON, 2-f8-Phenylethylcyclohexanone semicarbazone, 1465. 

C,;H,,0.N,; Eserine, synthesis of, 270, 1472, 1475. 

C,;H.,0,N, 8-6:7-Dimethoxyquinaldyl(4)-propionic hydrazide, 1468. 
3:5-Dinitro-2-piperidino-p-cymene, 980 

C,;H..0,N, Trimethyl theophylline arabinoside, 641. 

C,;H.,ON Hexahydroanagyryline, 508. 

C,,H.,0N, Tetrahydroanagyrine, and its perchlorate, 509. 


15 IV 

C,;H,,O,NC] 4’-Nitro-3:5:7-trihydroxyflavylium chloride, 28. 
C,;H,,ONBr, 3:5:4’-Tribromo-4-acetamidodiphenylmethane, 1063. 
C,;H,,0.NC] 4’-Amino-7-hydroxyflavylium chloride, 28 
C,;H,.0,NCl 4’-Amino-3:7-dihydroxyflavylium chloride, 28. 
C,;H,.0,NC] 4’-Amino-3:5:7-trihydroxyflavylium chloride, 29. 
C,,H,.O,NAs 7-Carbamylmethoxyfluorenone-2-arsonic acid, sodium salt, 1456. 
C,;H,,ONC] Aceto-p-chlorobenzhydrylamide, 1504. 
C,;,H,,ONBr Bromo-4-acetamidodiphenylmethanes, 1062. 
C,;H,,0,NBr 6-Bromo-2:3-dimethoxybenzanilide, 1623. 
C,;H,,0,N.S 2-o0-Nitrophenylacetamidophenyl methyl sulphoxide, 1493. 
C,;H,,0;NAs 7-Acetamido-9-fluorenol-2-arsonic acid, and its sodium salt, 1456. 
C,;H,,0;,N.As 9-Fluorenol-7-glycineamide-2-arsonic acid, and its sodium salt, 1456. 

7-Methylcarbamido-9-fluorenol-2-arsonic acid, and its sodium salt, 1457. 
C,;H,,0.NCu Propylaminocupric diphenol, 1230. 
C,;H,,NBrI 3’-Bromodiphenylyl-2-trimethylammonium iodide, 1591. 
C,;H,,BrIAs 3’-Bromodiphenylyl-2-trimethylarsonium iodide, 1591. 
C,;H,,ON.Br, Dibromoanagyrine, 507. 
C,;H,,0OBrAs 3’-Bromodiphenyl-2-trimethylarsonium hydroxide, camphorsulphonates of, 1591. 
C,;H.,N.IS, 3:3’-Dimethylthiazolinotricarbocyanine iodide, 192. 
C,;H.,0,N.As Adipanilo-n-propylamide-p-arsonic acid, and its sodium salt, 92. 
C,;H,,0.N,8 Tetramethylpiperazines, and their salts, 143. 


C,, Group. 


Ethylphenanthrenes, 1015. 
as-Hexahydropyrene, 404. 
aa-Diphenyl-n-butane, 533. 
isH2, 12-Ethyloctahydrophenanthrene, 1465. 
2-8-Phenylethyl-1-ethyl-41-cyclohexene, 1465. 
C,.H;, Heptadecane, equilibria of, with its homologues, 1349. 





16 li—16 IV Formula Index 


16 0 

C,.H,,0, 2-Benzoyl-1-hydrindone, 612. 
2-Benzylchromone, 1461. 
2-Methylisaflavone, 1461. 

Methyl! phenanthrene-9-carboxylate, 40. 
3-Phenyl-4-methylcoumarin, 617. 

C,.H,,0, 5:7-Dihydroxy-3-phenyl-4-methylcoumarin, 1461. 
5-Hydroxy-8-methoxyflavone, 1623. 
6-Hydroxy-4’-methoxyflavone, 1075. 
7-Hydroxy-4’-methoxyflavone, 1386. 

C,.H,,0, 3-Methyl-2-ethyl-a-naphthachromone, 434. 

1eH,,0, Benzoylphenacylcarbinol, 625. 
C,.H,,0, 4-O-Anisoylresacetophenone, 1386. 

10H,,0, Phenoxyacetic acid 2-resacetophenone, 492. 
C,.H,,O 2:2:5’-Trimethyldibenzopyran, 1404. 
C,.H,,0, 3”-Methoxy-2:2-dimethyldibenzopyran, 1404. 

3sH,,0, 2:4-Dihydroxy-2’-methoxy-8-phenylpropiophenone, 289. 
7-Methoxy-2:8:4’:5’-tetramethyl-5:6-furano-(2’:3’)-chromone, 1178. 
C,.H,.0; 6-Benzyloxy-2:3-dimethoxybenzoic acid, 1623. 

16H,,0, w:2:4:6-Tetra-acetoxyacetophenone, 369. 

C,.<H,.N, Azo-dye, from 3-amino-5-(3-pyridyl)pyrazole, 687. 

C,.H,,0, 2-Hydroxy-5-methyl-2’-a-hydroxyisopropyldiphenyl, 1404. 

C,.H,,0, 6-Hydroxy-4-methoxy-7-acetoacetyl-2:3:5-trimethylcoumarone, 1178. 

C,eH,,0, 2:4-Diacetoxy-6-methylbenzylidene diacetate, 495. 

C,.H..O, Ethyl 2-8-phenylethylcyclopentan-1-one-2-carboxylate, 1084. 

C\e6H..0, 7-Methoxy-5-ethoxy-2:8-dimethyl-3-ethylchromone, 822. 

C,.H.,.0, Aspidinol diacetate, 822. 

Ethyl m-methoxybenzoylsuccinate, 1472. 

C,eH. oN, 2:2-Bisdimethylaminodiphenyl, and its salts, 139. 

C,«H,,0, 2-Acetoxy-4-methoxy-6-ethoxy-n-butyrophenone, 822. 

C,.H,,0 2-8-Phenylethyl-l-ethylcyclohexanol, 1465. 

Ethyl 1:1-dimethylpentane-2:4-dione-1:3:5-tricarboxylate, 1618. 


16 


C,,H,O.N Substance, from degradation of Héchst Yellow R, 1000. 
C,.H,O,Cl Methyl chloroanthraquinone-1-carboxylates, 448. 
C,.H,O,N, 2-Phenyl-4-(3’:5’-dinitro-2’-hydroxybenzylidene)oxazolone, 487. 


C,.H,,OBr 3-Phenanthryl bromomethy] ketone, 1013. 
C,.H,,0,N, 4-Hydroxy-3-benzoyl-1-nitrophenylpyrazoles, 1626. 

aBy-Triketo-y-phenyl-n-butyric acid B-p-nitrophenylhydrazone, 1627. 
C,.H,,0,Br 3-Bromoalizarin dimethyl ether, 1520. 

16H,,0,N, 3:5-Dinitro-2-hydroxy-a-benzamidocinnamic acid, 487. 
C,,H,,ON, Phenanthrene-9-aldehyde semicarbazone, 40. 
C,.H,,0,N, Nitrophenylazobenzoylacetones, 1625. 

eH,,0,8, 3-Methoxybenzoic acid-5-disulphide, 1380. 

130,;N, 1-Hydroxy-3’- and -4’-aminophenyl-3:4-dihydrophthalazine-4-acetic acids, 1070. 
C,<H,,0,N, w-Acetoxyresacetophenone phenylhydrazone, 372. 
C,.H,,0,8, dl-a-Carboxyphenylsulphonyl-a-p-tolylthioethane, 1509. 

16H,;,0,8, a-p-Carboxyphenylsulphonyl-a-p-tolylsulphonylethane, 1510. 
C,,.H,,0,N 2:4-Dimethoxy-6-methylbenzanilide, 494. 
C,,H,,ON m-Methoxydiphenylmethyldimethylamine, and its hydrochloride, 1097. 
C,.H,,0,T1 Diethylthallium diphenol, 1229. 
C,<H,,0O,N Methyl £-6:7-dimethoxyquinaldyl(4)-propionate, 1468. 
C..H.,ON, 6-Methoxy-2-piperidino-4-methylquinoline, 301. 
C,,.H,.NBr Benzhydryltrimethylammonium bromide, 72. 
C,,.H..NBr, Benzhydryltrimethylammonium tribromide, 73. 
C,,H.,ON, 2-Methyl-2-8-phenylethylcyclohexanone semicarbazone, 1084. 
C,.H,,0,.N Methyltropacocaine, and its picrate, 1512. 
C,.H,,N,I, Bindschedler’s green iodide hydriodide, 253. 
C,,H,,0.N, Acetylanagyramine, 508. 
C,.H,,0N a-cycloHexylpropion-p-toluidide, 1483. 
C,.H,,0,N 8-n-Amylglutaroanilic acid, 961. 
C,.H.,ON, Dihydromethylanagyrine, 508. 
C,.H,,ON, dl- and /-Eseretholes, and their salts, 1474. 


16 IV 
C,,.H,O.N.Br, 5-Bromo-4-hydroxy-3-benzoyl-1-(2’:4’:6’-tribromophenyl)pyrazole, 482. 
C,.H,O,N,Br, 5-Bromo-4-hydroxy-3-benzoyl-1-(2’:4’-dibromophenyl)pyrazole, 482. 
4-Hydroxy-3-benzoyl-1-(2’:4’:6’-tribromophenyl)pyrazole, 482. 
C,,H,O.N.Br, 4:4-Dibromo-1:2:3-triketo-1-phenylbutane-2-(2’:4’:6’-tribromophenylhydrazone), 481. 
C,,.H,O,N,Cl, 5:5-Dichloro-3-benzoyl-1-nitrophenyl-4-pyrazolones, 1626. 
C,,H,O,N,S Dinitronaphthyl m-nitrobenzenesulphonates, 287. 
C,.H,,0.N.Br, 4-Hydroxy-3-benzoyl-1-(2’:4’-dibromophenyl)pyrazole, 482. 
C,,.H,,0.N.Br, 4-Bromo-1:2:3-triketo-1 i: = ee 481. 

















Formula Index. 


C,.H,.0;NC1 Chloroacetamidoanthraquinones, 448. 
C,¢Hi00,N,Cl 5-Chloro-4-hydroxy-3-benzoyl-1-nitrophenylpyrazoles, 1626. 


C.cH,,0,N,Br See te peagar Shr meet ones ag” maa 1626. 


C¢H,.0,N,S Nitronaphthyl m-nitrobenzenesulphonates, 287. 


C,.H,,0.N.Br, 4-Bromo-1:2:3-triketo-1-phenylbutane 2-dibromophenylhydrazones, 481. 
4:4-Dibromo-1:2:3-triketo-1-phenylbutane 2-p-bromophenylhydrazone, 481. 


2:4:6-Tribromophenylazobenzoylacetone, 481. 
C,.H,,0,NS 2-Nitrophenyl 2-hydroxy-1l-naphthyl sulphoxide, 1493. 


C,.H,,0,N,Br, 535-Dibromo-afy-a-phenylbutane £-p-nitrophenylhydrazone, 1626. 


2Br, 2:4-Dibromophenylazobenzoylacetone, 481. 


C,,H,,0,N,Br $-Bromo-afy-triketo-a-phenylbutane B-nitrophenylhydrazones, 1626. 


C,.H,,0,NCl 3’-Nitro-3:5:7-trihydroxy-4’-methoxyflavylium chloride, 28. 
C,.H,,ON.S 2’-Acetamido-1-phenyl-3-methylbenzthiazole, 297. 


C,,H,,O,N;As Fluorenone-7-glycineureide-2-arsonic acid, and its sodium salt, 1455. 


C,.H,,0,N.As p-Oxyarsinomethylmalonanilide, 1067. 


C,.H,,0;N.As Methylmalonanilide-p-arsonic acid, and its sodium salt, 1067. 


C,<H,,0,N.S tert.-Butyl-m-nitrobenzenesulphonanilide, 948. 
16H,30,N.As, Methylmalonanilide-pp’-diarsonic acid, 1067. 

C,.H,sN,IS Methylene blue iodide, 250. 

C,.H,,ON,S Methylene blue base, 250. 

C,eH,,0;NS Anisylmethyl-p-toluenesulphonamide, 278. 

C,.H,,0,NS 0-Vanillylmethyl-p-toluenesulphonamide, 278. 

C,.H,,.NBrAs 10:10-Diethyl-5:10-dihydrophenarsazonium bromide, 1637. 

C,,H,.NIAs 10:10-Diethyl-5:10-dihydrophenarsazonium iodide, 1637. 

C,.H,,N,I,8 Methylene blue iodide hydriodide, 251. 

C,¢H2oN3I,8 Methylene blue iodide dihydriodide, 252. 

C,,H.,N;I,8 Leucomethylene blue dihydriodide, 251. 

C,,H.,0,,BK Potassium ethyl borotartrate, 954. 

C,.H..0,NI emgngigsernyeuiny enememapnnantas methiodide, 278. 

C,.H.,0,NS Methylglycosidodimethylammonium p-toluenesulphonate, 226. 


C,, Group. 


C,,H,, Pentadienophenanthrene, 1110. 
cycloPentadienophenanthrene, 1087. 

C,,H,, 1:2-cycloPentenophenanthrene, 1109. 

C,,H,, 1-(8-1’-Naphthylethyl)-41-cyclopentene, 1108. 
1:2-cycloPentano-1:2:3:4-tetrahydrophenanthrene, 1086. 
trans-1:2-cycloPentanotetrahydrophenanthrene, 1108. 


17 


C,,H,,0, 4:7’-Dihydroxynaphtha(1:2:4’:3’)coumarin, 1470. 
17H,,0, 4-Styrylcoumarin, 617. 
C,,H,,0, 7-Hydroxy-7’-methoxychromenochromone, 492. 
7-Hydroxy-4-phenylcoumarin-3-acetic acid, 1470. 
C,,H,.N, 6-Methyl-8:9-benzquinoquinoline, and its chloroplatinate, 391. 
C,,H,,0, 7-Hydroxy-3-benzyl-2-methylchromone, 1462. 
7-Hydroxy-3-phenyl-4-ethylcoumarin, 1462. 
C,,H,,0, 4-0-Cinnamoylresacetophenone, 1388. 
O-Dimethyldaidzein, 275. 
7-Hydroxy-3-phenyl-4-methoxymethylcoumarin, 1462. 
C,,H,,0, O-Benzoyl-O-acetylresacetophenones, 1384. 
7-Hydroxy-3’:4’-dimethoxyflavone, 1387. 
C,,H,,0, Tricin, synthesis of, 1644. 
5:7:4’-Trihydroxy-3’:5’-dimethoxyflavone, 943. 
C,,H,,0, Hydroxymethoxybenzoylmethoxytoluic acid, 489. 
C,,H,,0, 5-Methoxyphenoxyacetic acid 2-resacetophenone, 491. 
C,,H,,0, 6-Benzyloxy-2:3-dimethoxyacetophenone, 1623. 
2’-Hydroxy-2:4-dimethoxy-8-phenylpropiophenone, 290. 
C,,H,,0 1-(8-1’-Naphthylethyl)cyclopentanol, 1107. 
C,,H,,0, 2-Methoxy-5-methyl-2’-a-hydroxyisopropyldiphenyl, 1404. 
C,,H..0, a-2:4-Dimethoxyphenyl-y-o-hydroxyphenyl-n-propyl alcohol, 290. 
C,,H,,0, 5:7-Diethoxy-2:8-dimethyl-3-ethylchromone, 821. 
17H,,0, 2-Acetoxy-4:6-diethoxy-3-methyl-n-butyrophenone, 821. 
17 2 Sparteine, structure of, 644. 
C,,H;,;,0 Heptadecyl alcohol, equilibria of, with its homologues, 1348. 


17 I 
C,,H,OCl, 7:13-Dichlorobenzanthrone, 447. 
C,,H,0,,N, Di-(6-nitro-4-ketobenzdioxinyl) ketone, 700. 
C,,H,OC] Chlorobenzanthrones, 447. 
C,,H,,OCl, Phenyl 5:8-dichloro-a-naphthyl ketone, 448. 
C,,H,,0Cl m-Chlorophenyl £-naphthyl ketone, 447. 
C,,H,,0,N, 3’:5’-Dinitrostyrylquinoline, 315. 
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17 NI—18 Formula Index. 


C,,H,,0,N, 2-Phenyl-4-(3’:5’-dinitro-2’-methoxybenzylidene)oxazolone, 487. 
17H,,0N, 2-0-Carboxyphenylaminolepidine, and its hydrochloride, 391. 
7-Keto-6-methyl-7:10-dihydro-8:9-benzquinoquinoline, and its sulphate, 391. 
C,,H,,0,N, Di-(6-nitrobenzdioxinyl) ketone,. 700. 
17H,,;0,N, Methyl afy-triketo-y-phenyl-n-butyrate B-o-nitrophenylhydrazone, 1626. 
C,,H,,0.N, 4-o0-Carboxyphenylaminoquinaldine, 391. 
17H,,0,Cl, 3-Chloro-2’-hydroxy-7:4’-dimethoxyflavylium chloride, 290. 
C,,H,,0,N, Di-(6-nitrobenzdioxinyl)methane, 700. 
5:5’- Dinitro-2:2’-diacetoxydiphenylmethane, 699. 
C,,H,,ON 1-Benzoyl-2:3-dimethylindole, 958. 
9-Phenanthrylmethylamine acetate, 40. 
C,,H,,0,N 6:7-Methylenedioxy-4-phenyl-2-methyl-1:2-dihydroisoquinoline, and its picrate, 278. 
C,,H,,0;N, 1-Keto-3-(4’-nitrophenyl)-2-methyltetrahydrophthalazine-4-acetic acid, 1069. 
C,,H,,ON, 2-Anilino-6-methoxylepidine, 1032. 
2-Anisidinolepidines, 1032. 
C,,H,,ON 3.Methyl-3-f-phenoxyethylindolenine, and its picrate, 273. 
17H,,0,N Phenacylhomopiperonylmethylamine, and its picrate, 278. 
17H,;0,N, 1-Hydroxy-4-amino-o-tolyl-3:4-dihydrophthalazine-4-acetic acid, 1070. 
C,,H,,0,N Carvacryl p-nitrobenzoate, 980. 
C,,H,,0;N Carbomethoxyisceverninanilide, 494. 
C,,H,,0,N £-3:4-Dimethoxyphenylethyl p-nitrobenzoate, 1466. 
C,,H,,0,8 a-p-Carboxyphenylsulphonyl-f-phenylethane, 1508. 
17H,,0,8, p-Carbethoxyphenylsulphone-p-tolylthiomethane, 1508. 
d- and /-Carbomethoxyphenylsulphonyl-a-p-tolylthioethanes, 1510. 
C,,H,,0;N, y-Phenoxy-a-methylbutaldehyde 2:4-dinitrophenylhydrazone, 1476. 
C,;H,,0,8. p-Carbethoxyphenylsulphonyl-p-tolylsulphonyimethane, 1508. 
C,,H,,.N,S, Methylene blue thiocyanate, 250. 
C,,H,,0,N §-3:4-Dimethoxyphenylethyl phenylurethane, 1466. 
C,,H,,0,N 6:7-Dimethoxy-3-acetyl-2-methylquinoline-4-propionic acid, 1089. 
C,,H,.ON, s-Di-(dimethylphenyl) ureas, 1263. 
aB-Diphenyl-f-tert.-butylurea, 949. 
C,,H,,.0.N, m-Hydroxydiphenyldimethylamine methylurethane, 1097. 
C,,H,,0,;N, s-Di-p-phenetylurea, 1263. 
C,,H,,0,N, Nake py eS aoe oe i meee 1468. 
C,,H.,0,N, Menthyl 3:5-dinitrobenzoates, 172. 
17H aa-Diphenylethyltrimethylammonium iodide, 73. 
C,,H,;0,N, Ethyl 2-8-phenylethylcyclopentan-1-one-2-carboxylate, 1084. 
C,,H,,0,N Menthyl p-nitrobenzoates, 172. 
C,,H,;N,I 0-(2-Dimethylaminophenyl)phenyltrimethylammonium iodide, resolution of, 135. 
C,,H,,ON, Lupanine, structure of, 644. 


17 IV 


C,,H,,O,NBr 3-Bromo-4-diacetamidodiphenylmethane, 1063. 

C,,H,,O,NAs 7-Acetamido-9-acetoxyfluoreno-2-arsonic acid, 1456. 

C,,H,,0O,N,As Fluorenone-7-glycinemethylureide-2-arsonic acid, and its sodium salt, 1455. 

C,,H,,O,NC1 Aminohydroxydimethoxyflavylium perchlorates, 26. 

C,,H,,0,N,As 9-O0-Carbamylmethylfluorenol-7-glycineamide-2-arsonic acid, and its disodium salt, 1457. 
C,,H,,0,NCu Piperidinocupric diphenol, 1230. 

C,,H,,0,NS Piperonylethyl-p-toluenesulphonamide, 278. 

C,,H,,0,NS _ tert.-Butyl-p-toluenesulphonanilide, 948. 

C,,H,,ON,Cl 1-Dimethylamino-5-furyl-4‘-penten-3-one phenylhydrazone hydrochloride, 839. 
C,,H,;N.IS, 3:3’-Diethylthiazclinotricarbocyanine iodide, 192. 


C,, Group. 
C,,H,, Hexahydrochrysenes, 699. 
C,,H,, 1:2-(5’-Methyleyclopentano)-1:2:3:4-tetrahydrophenanthrene, 1086. 
C,.H,;, Octadecane, polymorphism of, 1348. 
18 I 


C,.H,,0, 6:7:3’:4’-Bismethylenedioxy-2-phenylnaphthalene, 1531. 
4-Hydroxy-7’-methoxynaphtha(1:2:4’:3’)coumarin, 1471. 

C,,.H,,0, 7-Acetoxychromenochromone, 493. 

1sH,,0, Dimethyl anthraquinone-1:2-dicarboxylate, 1595. 

C,,H,,0 1-Keto-1:2:3:4-tetrahydro-5:6-benzanthracene, 1014. 

C,,H,,0, Diketohexahydrochrysenes, 608. 
8-Naphthyl phenylacetate, 1462. 
1-Phenylacetyl-2-naphthol, 1462. 

C,.H,,0, 8-Phenanthroylpropionic acids, 1014. 

C,.H,,0; 5-Acetoxy-8-methoxyflavone, 1624. 
6-Acetoxy-4’-methoxyflavone, 1075. 
7-Methoxy-4-phenylcoumarin-3-acetic acid, 1470. 

C,.H,,0, 7:4’-Dimethoxyisoflavone-2-carboxylic acid, 275. 

C,,H,,N Naphthylidenebenzylamines, 41, 42. 

C,.H,,0, y-(3-Phenanthryl)butyric acid, 1014. 
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C,;H,,0, Benzoylphenacylcarbinyl acetate, 625. 
CisH,,0, 6-Hydroxy-3’:4’:5’-trimethoxyflavone, 1075. 
1,60, Usnic acid, 1173. 
C,,H,,0 1-a-Naphthylacetyl-2-methyl-41-cyclopentene, 1107. 
1sH,,0, 2:4’-Dihydroxy-4:6-dimethoxy-3-methylchalkone, 444. 
2’-Hydroxy-2:4:4’-trimethoxybenzylideneacetophenone, 290. 
4:5:6:4’-Tetramethoxy-3-phenylcoumarone, 375. 
C,.H,,0, Tephrosic acid, structure of, 1163. 
C,:sH20 5-Methyl-2-8-(a-naphthyl)ethylcyclopentanone, 1086. 
C,sH..0, 2-Acetoxy-5-methyl-2’-a-hydroxyisopropyldiphenyl, 1404. 
C,,H..0, 88’-Dihydroxy-ff’-dianisyladipic acid, 828. 
a-[B-(a-Naphthyl)ethylJadipic acid, 1086. 
2:4:2’-Trimethoxy-8-phenylpropiophenone, 289. 
C,;H..0, 3:4:5-Trimethoxyphenyl p-methoxyphenacy] ether, 375. 
C,;H,,0, Ethyl e-phenoxy-y-methylpentane-f8-dicarboxylate, 1475. 
C,,H.,0,. Methyl By-dimethyl-n-butane-aafyds-hexacarboxylate, 814. 
C,,H..Si Dicyclohexylphenylsilicane, 1042. 
C,,H;,0, Oleic acid, conductivity of mixtures of, with its potassium salt and water, 928. 
C,,H;,0 Octadecyl alcohol, equilibria of, with hexadecyl and heptadecyl alcohols, 637. 
C,,H;,0, 9:10-Dihydroxyoctadecyl alcohols, 248. 


18 OI 


C,,H,O,Br, Tribromopiperonylmethylenedioxynaphthalene, 1531. 

C,,.H,,0,N Nitropiperonylmethylenedioxynaphthalene, 1531. 

C,,H,.0,N, 9-o-Nitrophenylcarbazole, 1525. 

CrsH,0.No Ethyl 4:5-diketo-1-(4’-nitrophenyl)pyrazolone-3-carboxylate 4-(4’’-nitrophenylhydrazone), 


C,,H,,;0,N, 2-0-Nitrophenylamino-2’-aminodiphenyl, 1522. 

1sH,;0,N 8-Phenanthroylpropionic acid oxime, 1014. 
C,,H,;0;Cl 4:6-Diphenyl-2-methylpyrylium perchlorate, 1198. 
C,,H,,;0,N, Ethyl afy-triketo-y-phenyl-n-butyrate B-nitrophenylhydrazones, 1626. 
C,,H,,0,.N, Nitrobenzyl tartrates, and their rotation dispersion, 760. 
C,,H,,0.N Naphthylmethylamine benzoates, 41, 42. 
C,,H,,0,N 9:10-Dihydroxy-8-benzoyltetrahydropentindole, 300. 
C,,H,,0,N, 1-Nitro-4-piperidinoacridone, 1372. 
C,.H,,0;N, Methyl 1-keto-3-(4’-nitrophenyl)-2-methyltetrahydrophthalazine-4-acetate, 1069. 
C,,.H,,0;Cl 3-Chloro-7:3’:4’-trimethoxyflavanone, 290. 
C,,H,,0,C1 Morinidin 3:5:7-trimethyl ether, 290. 
C,,H,,ON, 2-Anilino-6-ethoxylepidine, 1032. 

2-Phenetidinolepidines, 1032. 
C,,H,,0,N, 2-Anisidino-6-methoxylepidines, 1032. 
C,,H,,0,8. Bis-p-carbethoxyphenyl disulphide, 1507. 
C,.H,,0.N 5-Methoxy-3-methyl-3-8-phenoxyethylindolenine, and its picrate, 1476. 
C,,H.,0,8, dl-a-p-Carbethoxyphenylsulphonyl-a-p-tolylthioethane, 1509. 
C,,H.,0,8. a-p-Carbethoxyphenylsulphonyl-a-p-tolylsulphonylethane, 1510. 
C,,H,,ON, 2-8-(a-Naphthylethyl)cyclopentanone, 1086. 
C,,H.,0,N Metathebainone, 1038. 
C,,H,,0P p-Phenoxyphenyldiisopropylphosphine, 1044. 
C,,H.,0,N, 3-Tetra-aceto-8-glucosido-4-methylglyoxaline, 666. 
C,,H,,ON a-Methyl-trans-hexahydrohydrindene-2-acetanilide, 1487. 
C,,H,,0,N, /-Esermethole tartrate, 271. 

18 IV 
C,,H,,0;,NS 2-Nitrophenyl 2-acetoxy-1-naphthyl sulphoxide, 1493. 
C,,H,,;0,N,S, Di-m-nitrobenzenesulphonanilide, 1290. 
C,.H,,0,N,Cl, Bis-(888-trichloro-a-N’-nitrophenylcarbamidoethyl) ethers, 31. 
C,,H,,ON,Cl, a-Keto-8-methoxybutaldehyde pentachlorodiphenylosazone, 1490. 
C.,H,,0,N 3Br 3-Bromo-2’-nitro-N N’-dicarbethoxybenzidine, 1590. 
C,,H,,0,NC] 3’-Amino-3-hydroxy-5:7:4’-trimethoxyflavylium perchlorate, 27. 
C,.H..0,NI 2:3:11:12-Tetrahydroxy-8-methyl-6:7:15:16-tetrahydro-5:18:9:14-dibenzpyridocolinium iodide, 
1585 


C,,H,,0;N.As Adipanilide-p-arsonic acid, and its sodium salt, 93. 

C,,H..0,N.S_ tert.-Hexyl-m-nitrobenzenesulphonanilide, 950. 

C,,H..0,N.As, Adipanilic-pp’-diarsonic acid, and its disodium salt, 93. 
isH.;N,I.8 Leucomethylene blue, 251. 


C,, Group. 


C,.H,, Methyl-1:2-benzanthracenes, 1595. 
C,,.H,. 3:4-Diphenyl-5:5-dimethylcyclopentane, 726. 


19 I 


C,.H,,.0, 5-Methyl-1:2-benzanthraquinone, 1596. 
Triphenylenecarboxylic acid, 404. 
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19 II—19 IV Formula Index. 


Benzylideneharman, 615. 

C,,H,,0, 7-Acetoxy-3-phenyl-4-ethylcoumarin, 1462. 

C,,.H,,0; 7-Acetoxy-3-phenyl-4-methoxymethylcoumarin, 1462. 
7:4’-Dimethoxy-2-methylisoflavone, 274. 

Ethyl 7-hydroxy-4-phenylcoumarin-3-acetate, 1469. 

C,,H,,0 3:4-Dipheny]-5:5-dimethyl-4*-cyclopentenone, 726. 

C,,H,,0, 2-Hydroxy-3:4-oxido-3:4-diphenyl-5:5-dimethylcyclopentanone, 725. 

C,.H,,0, 7-Hydroxy-3:3’:4’:5’-tetramethoxyflavone, 269. 

C,,H,,0, Atranorin, 131. 

C,,H,,.0 Dihydro-§8-dimethylanhydroacetonebenzil, 727. 

C,,.H..0; 2-Hydroxy-4:6:4’-trimethoxy-3-methylchalkone, 443. 
5:7:4’-Trimethoxy-8-methylflavanone, 444. 

C,,H.,0, 2’-Hydroxy-3:4:4’:6’-tetramethoxybenzylideneacetophenone, 290. 

C,,H Methyl O-dimethyl-lecanorate, 494. 

19HaN, Cinchene, cuprichloride of, 999. 

C,,H..0, Acid, from reduction of ethyl £§’-dihydroxy-8f’-dianisyladipate, 828. 
Methyl £8’-dihydroxy-ff’-dianisyladipate, 828. 
a-Methyl-a’-[8-(a-naphthyl)ethylJadipic acid, 1086. 

C,,H..0, 2’-Hydroxy-3:4:4’:6’-tetramethoxy-f-phenylpropiophenone, 290. 

C,,H,,0, a-3:4-Dimethoxyphenyl-y-2-hydroxy-4:6-dimethoxyphenyl-n-propy] alcohol, 290. 

C,oH,,0, Ethyl aa-veratroylacetylsuccinate, 1471. 

C,oH,,0, 3:4:6-Triacetyl B-benzylglucoside, 225. 

C,.H3.0,. Ethyl n-butane-afyyd-pentacarboxylate, 814. 

C,,H,,0, Heptadecyl acetate, 637. 

C,,.H;,0, Ethyl margarate, equilibria of, with ethyl palmitate and stearate, 636. 


19 Il 


C,»H,,0,Cl, 9-p-Chlorophenylxanthylium perchlorate, 484. 

19H,,0,N, Benzophenoneoxime picryl ether, 809. 
C,,.H,,0,N Phthalonaphthylmethylimides, 41, 42. 
C,,H,,0.C1 9-p-Chlorophenylxanthenol, 484. 
C,,H,,0,N 9-p-Nitro  camnentienal 484. 
C,.H,,0,N, Diphen £3-aldehyde 2:4-dinitrophenylhydrazone, 44. 
C,,H,,;ON Diphenylcarboxyanilides, 42, 44. 
C,,H,,0;N 4-O-Methylresorcylaldehyde, 493. 
C,oH,,0;Br 4-Bromo-1-acetoxy-2-methoxy-9-anthranyl acetate, 1517. 
C,.H,;Cl,P Triphenylmethyldichlorophosphine, 783. 
C,.H,,0C1 Chloro-3:4-diphenyl-5:5-dimethyleyclopentenones, 729. 

Pheny1-p-chloropheny1-5:5-dimethyl-4°-cyclopentenone, 731. 

C,,H,,0,.P Triphenylmethylhydrogenphosphonic acid, and its silver salt, 83. 
C,,H,,0,N; y-Phthalimido-a-methylbutaldehyde 2:4-dinitrophenylhydrazone, 1477. 

1 1-Ethy]l 2-benzyl diketosuccinate 1-p-nitrophenylhydrazone, 1392. 
C,5H,,0,N 8-6-Benzamido-3:4-dimethoxybenzoylpropionic acid, 1089. 
C,5H,,0,Cl1 7-Methoxy-4-phenyl-3-methyl-2-ethylbenzopyrylium perchlorate, 433. 
C,oH,,0,.N; O-Dimethylusneol, 718. 
C,oH,.ON, 1-Phenylcarbamyl-2:2:4-trimethyl-1:2-dihydroquinoline, 1328. 
C,.H,.0,N, 2-Anisidino-6-ethoxylepidines, 1032. 

2-Phenetidino-6-methoxylepidines, 1032. 
C,,H.,0,8 a-p-Carbethoxyphenylsulphonyl-a-benzylacetone, 1508. 
C,,H..0;8, a-p-Carbethoxy husatealbhdagt- op telpbihiensctom, 1508. 
C,oH;,,0,N 5-Methoxy-1:2-dimethyl-3-8-phenoxyethylindole, 272. 
C,.H.,0,N Methyl 4’-diethylamino-2’-hydroxy-o-benzoylbenzoate, 1267. 
C,,H.,0,N 3:4:5-Trimethoxyphenyl p-methoxyphenacyl ether cyanohydrin, 375. 
C,,H,,0N, Cinchonidine, cuprichloride of, 999. 

Cinchonine, cuprichloride of, 999. 
C,,H,,0N, 5-Methyl-2-8-(a-naphthyl)ethyleyclopentanone, 1086. 
C,,H,,0,N 6-Hydroxy-7-methoxy-1-(4’-methoxy-3’-hydroxybenzy])-2-methyl-1:2:3:4-tetrahydroiso- 

quinoline, and its picrolonate, 281. 

C,5H,,0,N, a-m-Hydroxyphenyl-n-butyldimethylamine phenylurethane, 1097. 
C,9H,,ON, 1-8-Phenylethylcyclohexene nitrolpiperidide, 1464. 
C,9H,,0,N, ay-Dipiperidino-f-(2:4-dinitropheny]) propane, 302. 
C, ON, sane Sbcudhepdschg telndelhints 9 dnne-tetaahelochedetndens, 1479. 


19 IV 


C,,H,,0,N,Cl, Di-p-chlorophenylketoxime picryl ether, 811. 
C,9H,,0,N,Cl_ p-Chlorobenzophenone oxime picryl ethers, 810. 

WN,S: Di-m-nitrobenzenesulphonnitrotoluidides, 1290. 
19H, ;0,N,8, Di-m-nitrobenzenesulphontoluidides, 1290. 
C,,H,,0,Cl,Fe 5:7:4’-Trimethoxy-8-methylflavylium ferrichloride, 442. 
C,,H,.0.NI 5-Methoxy-3-methy1-3-8-phenoxyethylindolenine methiodide, 1476. 
C,,H,,0,NS tert.-Hexyl-p-toluenesulphonanilide, 950. 
C,,H,,OIP p-Phenoxyphenyldiisopropylphosphine methiodide, 1044. 
C,,H.,0,N,I 3-Tetra-aceto-8-glucosido-4-methylglyoxaline methiodide, 666. 
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C,, Group. 
C..H,, Benzpyrenes, and their picrates, 397, 403. 


20 

C..H,,0, 1:2-Benzpyrenequinone, 403. 

C..H,,0, Acetyl-1:2-benzanthraquinones, 1409. 

C..H,,0 Acetyl-1:2-benzanthracenes, 1409. 

C..H,,0, Methyl triphenylenecarboxylate, 404. 
3-Phenyl-2-methyl-1:4-Ba-naphthapyrone, 1462. 
y-1-Pyrenyl-y-butyrolactone, 402. 

CoH,,0; §-1-Pyrenoylpropionic acid, 402. 

40; 4-Acetoxy-7’-methoxynaphtha(1:2:3’:4’)coumarin, 1470. 
2oH,,0, Trimethyl anthraquinonetricarboxylates, 1595. 
1;3Br £-Bromo-aaf-triphenylethylene, 74. 

C.H,.0, 2-Benzoyloxy-5-methyldiphenyl, 1405. 
y-1-Pyrenylbutyric acid, 402. 

C.9H,,0, 5:7-Diacetoxy-3-phenyl-4-methylcoumarin, 1461. 
a-Piperonylidene-f-3:4-dimethoxybenzoylpropionic lactone, 1088. 

C,H, .N, 1:1’-Hydrazonaphthalene, 134. 

C..H,,N Phenylbenzylidenebenzylamines, 43, 44. 

C..H,,0 3:4-Diphenyl-5:5-dimethyl-2-methylene-4*-cyclopentenone, 729. 

2:11-Diketo-5:14-dimethoxyhexahydrochrysene-a, 609. 

130; 7-Acetoxy-2’-methoxy-3-benzyl-2-methylchromone, 289. 
130, 6-Acetoxy-3’:4’:5’-trimethoxyflavone, 1075. 

oH,sN, Quinaldine, cuprichloride of, 999. 

1’-Ketodecahydro-4:5-benzpyrene, 405. 

y-1:2:3:6:7:8- Hexahydro-4-pyrenyl-y-butyrolactone, 405. 

Methoxy-3:4-diphenyl-5:5-dimethylcyclopentenones, 730. 

B-1:2:3:6:7:8-Hexahydro-4-pyrenoylpropionic acid, 405. 

C..9H..0, O-Pentamethylrobinetin, 269. 

2oH20, Ethyl 7-hydroxy-4-veratroylcoumarin-3-acetate, 1471. 

CoH220, 5:14-Dimethoxyhexahydrochrysene-a, 610. 
y-1:2:3:6:7:8-Hexahydro-4-pyrenylbutyric acid, 405. 

C..H,.0, Acid, from reduction of ethyl £f’-dihydroxy-ff’-dianisyladipate, 828. 
By-Dianisyladipic-a acid, 609. 

C..H,,0, 3:5:7:2’:4’-Pentamethoxyflavan, 290. 

C..H.,0, 3:4:5-Trimethoxyphenyl] 3:4:5-trimethoxyphenacy] ether, 375. 

29F2s015 Primeverin, 1620. 

C..H;28i Dicyclohexylphenylethylsilicane, 1043. 

C.oHy.0, Glycollaldehyde octadecyl ether, 166. 

C.2H,,0; Glycollic acid octadecyl ether, 166. 


C, 184 


20 OI 
C..H,,0,N Nitro-1:2-benzpyrene, 403. 
20H,,0,N, Benzophenoneoxime o-nitrobenzoyl ester, 809. 
C..H,,0,N, Benzophenoneoxime trinitro-m-tolyl ether, 811. 
C.H,,ON 4’-Keto-1’:2’:3’:4’-tetrahydro-1:2-benzpyrene, 403. 
C..H,;0.N Benzophenoneoxime benzoyl ester, 809. 
C..H,;0,N Diacetylresorcylaldehyde azlactone, 493. 
C.oH,,0,N a«-6-Nitro-3:4-methylenedioxybenzylidene-f8-3:4-dimethoxybenzoylpropionolactone, 1088. 
C..H,,0OS 7-Phenylthiodeoxybenzoin, 1529. 
C..H,,0;N, Hydroxyphenyl benzyl ketone 2:4-dinitrophenylhydrazones, 1461. 
C.oH,,0,N, 5-Nitro-6-methoxyquinoline, cuprichloride of, 999. 
C..H,,ON 4-Benzamidodiphenylmethane, 1062. 
aN, w:2:4-Trihydroxyacetophenone osazone, 372. 
CoH 5 Beryllium benzoylacetonate, 1546. 
C.,H,,NAs 10-Benzyl-2-methy]-5:10-dihydrophenarsazine, 1636. 
C..H,,ON Benzoyl-8-naphthylisopropylamine, 496. 
C.oH,,0,N 4-Phenylbenzylamine benzoate, 43. 
C..H,,0.P Methyl tri pe OE A I SY 783. 
C..H,,0,N 6:7-Dimethoxy-2-phenylquinoline-4-propionic acid, 1089. 
C..H.,.0,N, Ethyl diketosuccinate p-nitrophenylosazone, 1392. 
C..H.,0,N 5-5-Benzamido-2-methoxybenzoylvaleric acid, 1587. 
220N, Quinene, cuprichloride of, 999. 
C.»H.,0.N, 2-Phenetidino-6-ethoxylepidines, 1032. 
C,.H,,0N, Dihydroquinene, cuprichloride of, 999. 
CooH.,0.N, Quinidine, cuprichloride of, 999. 
Quinine, cuprichloride of, 999. 
C..H.,0,8 2-p-Toluenesulphonyl f-benzylglucoside, 225. 
C..H.,NBr Dibenzyldiallylammonium bromide, 67. 
C..H.;ON Dibenzyldiallylammonium hydroxide, and its picrate, 67. 
C..H,,0,N, Dimethylaminohexose phenylosazone, 226. 
C..H.,CIP §88-Diphenylethyltriethylphosphonium chloride, 532. 
3002Hg Biscamphor-10-mercury, 825. wer 
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20 I1I—21 II Formula Index. 


C,,.H;,0C1 Chlorotrans-B-decalone, 1480. 

C..H,,ON, Pentamethylpiperazine-a-methylenecamphor, 144. 

C..H,,0,8 /-neoMenthyl camphorsulphonates, 169. 
isoMenthyl camphorsulphonates, 173. 


20 IV 


C..H,0,Br,8, Tetrabromodehydro-2-naphthol 1-disulphide, 788. 
eBr.S, Dibromodehydro-2-naphthol 1-disulphides, 788. 
2Br,S, Tetrabromo-2-naphthol 1-disulphide, 787. 
eBr.8, Dibromo-2-naphthol 1-disulphide, 787. 
ON,Br, w-Anilinophenylglyoxal 2:4:6-tribromophenylhydrazone, 481. 
Di-p-chlorophenylketoxime trinitro-m-tolyl ether, 811. 
Dibromo-4-benzamidodiphenylmethanes, 1062. 
2 3:5-Di-iodo-4-benzamidodiphenylmethane, 1063. 
C..H,;0,N.Cl Nitro-9-phenyl-10-methylacridinium perchlorate, 484. 
20H 16 r Bromo-4-benzamidodiphenylmethanes, 1062. 
C.oH,,0,NC1 9-Phenyl-10-methylacridinium perchlorate, 484. 
C.oH,,0,N,Ni Nicke ee ene 842. 
C..H,,0,N,Cs Cesium di-4-isonitroso-1-phenyl-3-methyl-5-pyrazolone, 842. 
C..H,,0,N,K Potassium di-4-isonitroso-1-phenyl-3-methyl-5-pyrazolone, 841. 
C.oH,,0,N,Li Lithium di-4-isonitroso-1-phenyl-3-methyl-5-pyrazolone, 841. 
C..H,,0,N,Na Sodium di-4-isonitroso-1-phenyl-3-methyl-5-pyrazolone, 841. 
C..H,,0,N,.Rb Rubidium di-4-isonitroso-1-phenyl-3-methyl-5-pyrazolone, 842. 
2o0H,,0;N,As 7-Phenylcarbamido-9-fluorenol-2-arsonic acid, and its sodium salt, 1457. 
C.9H2,0,N,Cl, Bis-(888-trichloro-a-N’-tolylearbamidoethyl) ethers, 31. 
C..H.,0.NS f8-Naphthylisopropylamine p-toluenesulphonamide, 496. 
C..H,,ON,C1 1-Phenyl-3-(8-piperidinoethy])-5-furylpyrazoline hydrochloride, 840. 
1-Piperidino-5-furyl-4‘-penten-3-one phenylhydrazone hydrochloride, 840. 
C.,H.,N,I,8 Leucomethylene blue dimethiodide, 251. 


C,, Group. 


C,,H,,0, 2:3-Diphenylchromone, 1461. 
C,,H,,0, 4:7’-Diacetoxynaphtha (1:2:4’:3’)coumarin, 1470. 
C,,H,,0, 2-Hydroxy-4-benzoyloxyphenyl benzyl ketone, 1388. 
C,,H,,N a-Phenylethylidene-9-fluorenylamine, 1500. 
C,,H,,0 7-(1:2-Benz)anthranyldimethylcarbinol, 1410. 
Diphenyl-o-tolylacetaldehyde, 336. 
r-o- and m-Tolyldeoxybenzoins, 335. 
o- and m-Tolyl diphenylmethyl ketones, 335. 
C,,H,,.N Benzylidene-a-phenylethylamine, 1502. 
C.,H,,0; 4-Acetoxy-3:4-diphenyl-5:5-dimethyl-4?-cyclopentenone, 727. 
C,,H,.0, 7-Acetoxy-3:3’:4’:5’-tetramethoxyflavone, 269. 
C.,H,,0, Ethoxy-3:4-diphenyl-5:5-dimethyl-4*-cyclopentenones, 726. 
C,,H,,0, Ethyl 2-(8-1’-naphthylethyl)cyclohexanone-2-carboxylate, 1015. 
C.,H,,0, Methyl phenyl-2:4-dimethoxyphenylmethylenesuccinate, 1470. 
C.,H,,0, 2:3’-Dibenzoyl a-methylglucoside, 1079. 
Dimethylatranorin, 132. 
C.,H,,0, dl-neoMenthyl f-naphthoate, 169. 
C,,H,,0,, Methyl 4-methoxysalicylate 2:3:4-O-triacetyl-8-glucoside, 1619. 


21 I 
C,,H,,ON 9-Phenanthroy] anilide, 40. 
C.,H,,0.N Phthalobenzhydrylimide, 1501. 
Phthalo-m-diphenylmethylimide, 44. 
C.,H,,0,N, Di-p-tolylketoxime picryl ether, 811. 
C.,H,,0,N, §-1-Pyrenoylpropionic acid semicarbazone, 402. 
C.,H,,0,8, p-Carboxyphenyl-p-tolylsulphonylphenylthiomethane, 1509. 
C.,H,,NCl p-Chlorobenzhydrylidene-a-phenylethylamine, 1502. 
C.,H,,0,N 6-Cinnamoyl-y-indoxylspirocyclopentane, 299. 
C.,H,,O,N Ethyl 2-aldehydo-5-methoxyphenoxyacetate azlactone, 491. 
C,,H,,0,N a-6-Nitroveratrylidene-£-3:4-dimethoxybenzoylpropionolactone, 1088. 
2144290,.N, 2:3-Di-p-nitrobenzoyl a-methylglucoside, 1079. 
C,,H,,0,.P Ethyl triphenylmethylhydrogenphosphonate, 783. 
C.,H,,0,;P Methyl triphenylmethylphosphonate, 781. 
C,,H,.0,.N, Strychnine, 486. 
C,,H,,0.N Benzoyl--8:9-benz-4**-homogranaten-4-ol, and its salts, 555. 
C.,H,,0,N, §-1:2:3:6:7:8-Hexahydro-4-pyrenoylpropionic acid semicarbazone, 405. 
2-8-Phenylethylcyclohexanol p-nitrobenzoate, 1464. 
6:7-Dimethoxy-1-f-3’:4’-dimethoxyphenylethyl-3:4-dihydroisoquinoline, 1585. 
21H40,9S, 2:3-Di-p-toluenesulphonyl a-methylglucoside, 1080. 
C,,H,,0,N 8-3:4-Dimethoxyphenylpropiono-f-3’:4’-dimethoxyphenylethylamide, 1584. 
C,,H,,0,.N Ethyl glycollate octadecyl ether methylamide, 167. 
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21 IV 


Cus eONs 2’- Benzamido-1-phenyl-3-methylbenzthiazole, 297. 
C,,H,,0,CIS 7-(5-Chloro-2-methoxyphenylthio)deoxybenzoin, 1529. 














C,. Group. 





3:4:5:6-Dibenzphenanthrene, 1597. 
9:10-Dihydro-1:2:5:6-dibenzanthracene, 1596. 
1:3-Diphenyl-2-methylindene, 1499. 





C..Hi, 
C..Hi¢ 
C..H,s 







22 II 





C.2H 100, 
C, 2H, 20, 


22: 140, 









3:4:5:6-Dibenzphenanthra-1:2:7:8-diquinone, 1597. 
1:2:5:6-Dibenz-3:4-anthraquinone, 1596. 
7-Benzoyloxyflavone, 1385. 






C..H,,0; «:4-Dibenzoylresacetophenone, 1385. 
22H,,0,. Tetramethyl anthraquinonetetracarboxylates, 1595. 
C,.H,,N Benzylidene-9-phenanthrylmethylamine, 40. 
9-Phenanthrylidenebenzylamine, 40. 
C..H,,0 1-Hydroxy-1:3-diphenyl-2-methylindene, 1499. 
C,.H,,0,; Ethyl B-1-pyrenoylpropionate, 402. 
22H90, apoPicropodophyllins, 85. 
C,.H,,N p-Methylbenzhydrylidene-a-phenylethylamine, 1502. 
C..H..0, 7-Hydroxy-5:5’:6’-trimethoxy-4- Gasbelimaphndenohonaeggeyiien chloride, colour base of, 611. 
apoPicropodophyllic acid, 85. 
Podophyllotoxin, 83. 
C..H.,N aaf8-Triphenylethyldimethylamine, and its salts, 74. 



























C,.H,,0, 1-Methyl 2-ethylphenyl-2:4-dimethoxyphenylmethylenesuccinate, 1470. 
22H.,0, O-Trimethylatranorin, 132. 
22H.,0, Methyl fy-dianisyladipate-a, 609. 
22Hog0, Ethyl 3:4:3’:4’-tetramethoxydiphenate, 1624. 
27N; 1:5-Diphenyl-3-(8-piperidinoethyl)pyrazoline, 839. 
22H2,0, (—)Menthyl a-naphthaglycollates, 32. 
22490, /-neoMenthyl menthoxyacetates, 169. 
22H,,0, Ethyl glycollate octadecyl ether, 167. 
22 Ill 
C..H,,0;,Br 4-Bromo-1l-benzoyloxyalizarin 2-methyl ether, 1517. 
C..H,,0,N, 2:4:6-Trinitro-1:3-distyrylbenzene, 980. 
C..H,;0,Cl1 5-O-Benzoylmorinidin chloride, 372. 
20H,,0,N, 3-Phenyl-2-methylindenone 2:4- ree dures 1499. 
oH 7’-Acetoxy-7-phenylthiostilbene, 1529. 
22H,,0,N, 3-Phenyl-2-methylindanone 2:4-dinitrophenylhydrazone, 1499. 
2H,,0,N, Di-p-tolylketoxime trinitro-m-tolyl ether, 811. 
9 9-Phenanthrylmethylamine benzoate, 40. 
22H,,0,N; 2-0-Nitrophenylamino-2’-diacetylaminodiphenyl, 1522. 
qi? 20 3-Keto-4-0-carboxy benzoyl-10-ethoxy-7-methy]-3:4:5:6-tetrahydro-4-y-carboline, 1473. 






C,.H.,0,S: p-Carboxyphenylsulphonyl-p-tolylsulphonylbenzylmethane, and its salts, 1508. 
C..H.,0,.N, Nitrobenzyl diacetyltartrates, 765. 
C,.H,.0,N, m-Hydroxydiphenyldimethylamine phenylurethane, 1097. 
C..H.,0,N Protosinomenine, and its picrolonate, 280. 

22H,,NBr Benzhydrylbenzyldimethylammonium bromide, 74. 
C..H,,0.Cl (—)Menthy] di/-a-naphthylchloroacetate, 36. 

22H290,N dl-Homolaudanosoline, synthesis and dehydrogenation of, 1583. 
C..H,,;0,N Atisine, and its perchlorate, 740. - 

22 


C..H,,0,N,Cl m-Chlorophenyl £-naphthyl ketone 2:4-dinitrophenylhydrazone, 447. 
22H,,ONBr Bromo-1-acetyl-2:3-diphenylindoles, 959. 

C..H,,0;NCl 4’-Amino-3:7-dihydroxy-5-benzoyloxyflavylium chloride, 28. 

C..H,,0,N,As Fluorenone-7- glycinephenylureide-2- arsonic acid, and its sodium salts, 1456. 
C..H,,0,N,Cl, Bis-(888-trichloro-a-N’-acetyl-N’-nitrophenylcarbamidoethyl) ether, 32. 

C,.H.,0,NI 2:3:11:12-Tetramethoxy-6:7:15:16-tetrahydro-5:18:9:14-dibenzpyridocoline methiodide, 1585. 
















C,, Group. 






C.,H,, 4-Methyl-1:2:5:6-dibenzanthracene, 1596. 
23 Il 
C.;H,,0, 1-a-Naphthoyl-6-methyl-2-naphthaldehyde, 1596. 






3-Phenyl-4-styrylcoumarin, 617. 
C.,H,,0 1-Naphthoyl-2:3-dimethylnaphthalenes, 1596. 
4-0-Benzoyl-2-0-anisoleresacetophenone, 1385. 







* * : 3:4’’-Dimethoxy-pp-tribenzaldehyde, 141. 
93H,,0, 4:7’-Diacetoxy-5:6-dimethoxynaphtha(1:2:4’:3’)coumarin, 1471. 






3:4”-Dimethoxy-pp-tribenzoic acid, 142. 
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23 I-24 V Formula Index. 


C,,3H,,0,, Tetra-acetoxyflavone, 1075. 
C,;H,,0,, _5:7:4’-Triacetoxy-3’:5’-dimethoxyflavone, 943. 
s Rotenone, synthesis of, 1163. 
C,,;H,,0, Dehydrodihydrorotenonic acid, 1165. 
C.;H,,0, Tetrahydroderrisic acid, 1165. 
C,,;H,,0,, Methyl 4-methoxysalicylate O-tetra-acetyl-f-glucoside, 1619. 


23 Il 


C,,;H,,0,Br, 3-Phenyl-4-styrylcoumarin dibromide, 617. 
C,,H,,0,N, 1:2-cycloPentenophenanthrene, 1087. 
23H,,0,Cl Dimethoxy-pp-tribenzoyl chloride, 142. 
C,,H,,0,N, ee ay Sara drophthalazine-4-acetic acid, 1070. 


Geeta Ne 1-Keto-3(benzeneazopheny])-2-methyltetrahydrophthalazine-4-acetic acid, 1070. 
C,;H,,0N, 5-Dimethylamino-8-methoxy-2:3-diphenylquinoxaline, 826. 
C,,H,,0,N, Brucine, 486. 
Cc, aaB-Triphenylethyltrimethylammonium iodide, 74. 
C.,H;,0,.8, 2:3-Di-p-toluenesulphonyl 4:6-dimethyl a-methylaltroside, 1080. 
5S Dip tclasnensipheny! 4:6-dimethyl ounthglaimedie, 1080. 
C,;H,,0,N, Yohimbine, 614. 
C.,.H,,0,C1 Chloroallonorcholanic acids, 1412. 


C,;H,,0,NC1 3’-Nitro-3:7-dihydroxy-5-benzoyloxy-4’-methoxyflavylium chloride, 27. 
C,;H,,0,NBr Ethy! bromo-2:3-diphenylindole-1l-carboxylate, 959. 
C.3H,,0,CIS 7-(5-Chloro-2-methoxyphenylthio)-7’-acetoxystilbene, 1529. 
C.;H,,NCIS, 2:2’-Dimethylthiotricarbocyanine chloride, 191. 
eg3H,,N,ISe, 2:2-Dimethylselenotricarbocyanine iodide, 192. 
C,;H,,NBrAs 10-Benzyl-2-methyl-10-n-propyl-5:10-dihydrophenarsazonium bromide, 1636. 
C,,;H,,ONAs 10-Benzyl-2-methyl-10-n-propyl-5:10-dihydrophenarsazonium hydroxide, salts of, 1636. 


C,, Group. 
C.,H,, 2’:3’-Naphtha-1:2-pyrene, 403. 


24 Il 


C.,H,,0, 1:2:5:6-Dibenzanthraquinone-4:8-dicarboxylic acid, 1597. 
C.,H,,0, 1-Pyrenoyl-o-benzoic acid, 403. 
C,,H,,0, 1-o-Carboxybenzylpyrene, 403. 
C,,H,,0, 3-Phenyl-4-(3’:4’-methylenedioxystyryl)coumarin, 617. 
C,,H,,.N, 1:1’-Dicarbazyl, 1523. 
3:9’-Dicarbazyl, 1525. 
C.,H,.N, 9-p-1’:2’:3”-Benztriazolylphenylcarbazole, 1524. 
C.,H,,.N, 2:2’-Di-1”:2”:3”-benztriazolyldiphenyl, 1522. 
C.,H,,0, 3-Phenyl-4-(4’-methoxystyryl)coumarin, 617. 
C,,H,,0, w-Acetoxy-2:4-dibenzoyloxyacetophenone, 372. 
24H;90, 9-p-(o-Aminophenylamino)phenylcarbazole, 1524. 
C.,H..0, w:4-Dianisoylresacetophenone, 1386. 
5:7-Dihydroxy-3’:5’-dimethoxy-4’-benzyloxyflavone, 942. 
Resacetophenone dianisate, 1385. 
C.,H,,Si Tetraphenylsilicane, preparation of, 1043. 
4Hy2N, 2:2’-Di-o-aminophenylaminodiphenyl, 1522. 
C,,H,,0, a-Phenylcrotyl succinate, 1498. 
C.,H;,,0, Ethyl Sy-dianisyladipate-a, 609. 
C.,H;,0, Ethyl £8’-dihydroxy-f’-dianisyladipate, 828. 
Methyl tetrahydroderrisate, 1165. 
C.,H,.N, ¢trans-Hexahydrohydrindylidene-2-trans-hexahydrohydrindone phenylhydrazone, 1479. 


24 Ill 


C.,H,,0,N; 9-p-(o-Nitrophenylamino)phenylcarbazole, 1524. 
C.,H,,0,N, 2:2’-Di-o-nitrophenylaminodiphenyl, 1521. 
p-Carbethoxyp enpivuehens -p-tolylsulphonylbenzylmethane, 1508. 
Substance, from auto-condensation of aminoveratroylpropionic acid, 1469. 
Penta-acetylindican, 30. 
trans-Hexahydrohydrindylidene-2-trans-hexahydrohydrindone 2:4-dinitrophenylhydrazone, 


ee se em lidene-2-trans-hexahydrohydrindone p-nitrophenylhydrazone, 1479. 
cycloHexyloxydicyclohexylphenylsilicane, 1042. 
ethyl chloroallonorcholanates, 1412. 


24 IV 
C,,H,,0,N,Cl, Bis-(888-trichloro-a-N’-acetyl-N’-tolylcarbamidoethyl) ethers, 31. 


24V 
C,,H,,ONBrAs 10-Phenacyl-2-methyl-10-n-propyl-5:10-dihydrophenarsazonium bromide, 1636. 
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Formula Index. 


C,; Group. 


C.;H,,0, Diphenyl-fa-naphthapyrones, 1462. 

2sH20, 7:4’-Dimethoxy-2-styrylisoflavone, 275. 
C.;H..0,, Penta-acetoxyflavone, 942. 
C.;H.,0, Tetramethoxy-pp-tribenzaldehyde, 141. 
C.;H.,0,. Tetramethoxy-pp-tribenzoic acid, 141. 
C.;H..0, O-Acetyldehydrodihydrorotenonic acid, 1165. 
C.;H,,0, Batyl alcohol, constitution of, 164, 165. 


25 Il 
C.,H.,0,C1 Tetramethoxy-pp-tribenzoy] chloride, 141. 


25 IV 


C.,H.,N.IS, 2:2’-Diethylthiotricarbocyanine iodide, 191. 
C.;H.;NISe, 2:2-Diethylselenotricarbocyanine iodide, 192. 


C,, Group. 


C..H,.S, -Phenylthioacetophenone phenylmercaptol, 1529. 

C..H,,N Fluorenylidene-9-fluorenylamine, 1500. 

C.,.H,,0, 7-Cinnamoyloxy-2-styrylchromone, 1388. 
3:3’-Diphenyl-4:4’-dimethyldicoumarin, 616. 

C..H,,0, 7:8-Dimethoxy-3-phenyl-4-(3’:4’-methylenedioxystyryl)coumarin, 617. 

C.~H:,N Benzhydrylidenebenzhydrylamine, 1502. 

C.,H..0, 7:8-Dimethoxy-3-phenyl-4(4’-methoxystyryl)coumarin, 617. 

C..H.,0, w:4-Diveratroylresacetophenone, 1387. 
Resacetophenone diveratrate, 1387. 

C..H.,0, Hexamethoxy-3:3-diphenylcoumaran, 375. 

C..H.,0,, Alizarin £-gentiobioside, 1168. 

C..H;,N., trans-Octahydronaphthyl-2-trans-B-decalone phenylhydrazone, 1480. 


26 I 
C..H,,ON, 9-Acetyl-3:9’-dicarbazyl, 1525. 
C.,H,,0,N, 9-p-(o-Acetamidophenylamino)phenylcarbazole, 1524. 
2¢H2,0,N 6-Hydroxy-7-methoxy-1-(3’-benzyloxy-4’-methoxybenzy]l)-2-methyl-1:2:3:4-tetrahydroiso- 
quinoline, 281. 
C..H;,0,,8 2-p-Toluenesulphony] 3:4:6-triacetyl B-benzylglucoside, 225. 
C..H;,0,N, ¢rans-Octahydronaphthyl-2-trans-B-decalone 2:4-dinitrophenylhydrazone, 1480. 
C..H;,;0.N, trans-Octahydronaphthyl-2-trans-8-decalone p-nitrophenylhydrazone, 1480. 
C.,H,,0;,N, Glycollaldehyde octadecyl ether 2:4-dinitrophenylhydrazone, 166. 


26 IV 
Cac ,,0.NCI 6-Hydroxy-7-methoxy-1-(3’-benzyloxy-4’-methoxybenzyl)-2-methylisoquinolinium chloride, 
8l. 


C,, Group. 


C.,H,,0, 3:3’-Dimethylenedi-8-naphthaspiropyran, 434. 
3-Phenyl-4-styryl-1:2-a-naphthapyrone, 617. 
C.,H.;,N Benzhydryldibenzylamine, and its salts, 75. 
C.,H;,0,, Substance, from stems of tomatoes, 1528. 
C.,H,,0 Cholesterol, structure of, 632. 
27 I 


C,,H,,0;,N 6:7-Dimethoxy-3-benzoyl-2-phenylquinoline-4-propionic acid, 1089. 


27 IV 
C,,H,,ONBr Bromo-1-benzoyl-2:3-diphenylindole, 959. 


C,, Group. 


C.sH,,0; 3:3’:4:4’-Tetrahydroxy-1:1’-dianthraquinonyl, 1517. 
C.sH,,0, 2’:3’-Naphtha-1:2-pyrene-1’:4’-endo-aB-succinic anhydride, 404. 
C.sH,,N, 1:2:5:6-Dibenz-3:4-anthraquinoneazine, 1596. 

egH,.0, 3-Phenyl-4-(3’:4’-methylenedioxystyryl)-1:2-a-naphthapyrone, 617. 
C.sH,,0, 4-Phenyl-3’-methylbenzo-8-naphthaspiropyran, 433. 

4’-Phenyl-3’-methylbenzo-a-naphthaspiropyran, 434. 

C.,H.,.0; 3-Phenyl-4-(4’-methoxystyryl)-1:2-a-naphthapyrone, 617. 
C.;H,.0, 6-Triphenylmethyl-2:3-dimethyl a-methylglucoside, 738. 
C.sH,,0,, O-Heptamethyl phloridzin, 1171. 
C.,H,,0 Ergosterol, structure of, 633. 
C..H,,0, Ergostadienedionol, 305. 
C.,H,,0, Dihydroergosterol oxide, 389. 



















28 IlI—32 II Formula Index. 


28 II 
C.,H..0,N, NN-Diacetyl-2:2’-di-o-nitrophenylaminodiphenyl, 1521. 
scH.,0,.N; 2:3-Di-p-nitrobenzoyl 4:6-benzylidene a-methylglucoside, 1079. 
2gH3,0,N, 4”-Dimethylamino-4’-diethylamino-2’-acetoxydiphenylphthalide, 1268. 
C..H,,0,N Ergostadienedionol oxime, 305. ow 


C.,;H,,0,N,S, Bis-2-0-nitrophenylaminopheny] disulphide, 1493. 
C.,H,,0,C1,8, 7:7’-Bis-(5-chloro-2-methoxyphenylthio)stilbene, 1529. 
C..H.,0,N,8, 2:2’-Di-o-nitrobenzamido-5:5’-ditolyl disulphide, 297. 
sH,,0.NAs 10-Phenacyl-10-benzyl-2-methyl-5:10-dihydrophenarsazonium hydroxide, and its camphor- 


sulphonate, 1636. 
28 V 


C,,H,,ONBrAs 10-Phenacyl-10-benzyl-2-methyl-5:10-dihydrophenarsazonium bromide, 1636. 
C,,H,,ONIAs 10-Phenacyl-10-benzyl-2-methy]-5:10-dihydrophenarsazonium iodide, 1636. 


C,, Group. 


C.,.H,,0, 7-Benzoyloxy-3-benzoylflavone, 1388. 

C..H,,0, Gallacetophenone tribenzoate, 1387. 
w:3:4-Tribenzoylgallacetophenone, 1387. 
w:2:4-Tribenzoyloxyacetophenone, 372. 

C.,H,,0, 3:3’-(8-Methyltrimethylene)di-8-naphthaspiropyran, 434. 
3:3’-Tetramethylenedi-8-naphthaspiropyran, 434 

C.,H,,0, 7-Methoxy-4-phenylmethylbenzo-8-naphthaspiropyrans, 432. 
2gf390,, Methyl O-tetramethylgyrophorate, 495. 
29H,,0 Stigmasterol, structure of, 635. 

C..H,,0, Methoxyergostadienediol, 305. 
29 Ill 

C.,H.,N,I 1:1’-Diethyl-2:2’-tricarbocyanine iodide, 193. 

C.,H;;N.I Hexamethylindotricarbocyanine iodide, 193. 

C.9H;,0,N, 4:4’-Bisdiethylamino-2:2’-dimethoxytriphenylmethane, 1270. 


29 IV 
C..5H,,ONBr Bromo-1-cinnamoyl-2:3-diphenylindole, 959. 


C,, Group. 


C,.H,;. Dehydrocadalene, dimeride of, 24. 
C,.H;, §-Amyrene, 1346. 
30 0 
Cy9H,,0, 3:9-Dihydroxy-2:8-dimethyl-5:6:11:12-dibenzperylene-4:10-quinone, 1519. 

4:4’- Dihydroxy-3:3’-dimethylhelianthrone, 1519. 
CyoH,,0, 4:4’-Dihydroxy-3:3’-dimethoxyhelianthrone, 1517. 
CyoH,,0, 4:4’-Dihydroxy-3:3’-dimethoxy-1:1’-dianthraquinonyl, 1517. 

sof,,0, 4-Acetyl-6-triphenylmethyl-2:3-dimethyl a-methylglucoside, 738. 
C,.H,,0. Ergosterol-B,, 390. 

3044480, Dihydroergosterol oxide acetate, 389. 
C3o5H;,0, Oxy-8-amyrin, 1346. 
30 I 


CsoH,,0,N, Héchst Yellow, degradation of, 1000. 
soH,,0,N, 4’:4’-Bisdiethylamino-2’-acetoxydiphenylphthalide, 1268. 
C,,.H,,0.N, Tetramethylpiperazine-d-methylenecamphor, 144. 


C,, Group. 


C;,H,,0, 4-Phenyl-af-dinaphthaspiropyran, 433. 


C,,H;,0, §-Amyrin formate, 1346. 
31 OI 


C;,H,;N.I 6:6’-Dimethyl-1:1’-diethyl-2:2’-tricarbocyanine iodide, 193. 
C,,H;,0,N, 4/:4’’-Bisdiethylamino-2’-acetoxy-2”-methoxydiphenylphthalide, 1268. 


31 IV 
C,,H,;N,CIS, 2:2’-Dimethyldibenzthiotricarbocyanine chlorides, 192. 
C;,H;;0,,NS, 2-p-Toluenesulphony] 3:4:6-triacetylglucosidopyridinium p-toluenesulphonate, 225. 


C,, Group. 


C,,.H,.0, 4-Phenylmethyl-af-dinaphthaspiropyrans, 433. 
s2H,.0, Tetramethoxy-5:6:11:12-dibenzperylene-4:10-quinone, 1519. 
3:3’:4:4’-Tetramethoxyhelianthrone, 1518. 
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Formula Index. 


C,.H,,0,, O-Tetra-acetyl trimethylphloridzin, 1172. 
C,2H,.0,;, Primeverin hexa-acetate, 1620. 

C,2H;.0, 8-Amyrin isoacetate, 1346. 

C,.H;.0, Oxy-f-amyrin acetate, 1346. 

C,.H;,0, Ergostanetriol diacetate, 305. — 


C,.H.,0,.N, Nitrobenzyl dibenzoyltartrates, 765. 
C;,.H,.0,N, 4’-Diethylamino-2’-acetoxyphenyl-4’-dimethylamino-a-naphthylphthalide, 1268. 
C32.H,,0;N, 4’:4’’-Bisdiethylamino-2’-acetoxy-2’’-ethoxydiphenylphthalide, 1268. 


C,, Group. 


C,;H,,0, 4-Phenyl-3:3’-dimethyl-af-dinaphthaspiropyran, 434. 
C;;H.,0,, Pentamethoxy-ppp-tetrabenzaldehyde, 141. 
C,;H,,0,, Pentamethoxy-ppp-tetrabenzoic acid, 141. 


33 I 


C;;H,,0,N 6-Benzyloxy-7-methoxy-1-(3’-benzyloxy-4’-methoxybenzy])-3:4-dihydroisoquinoline, 280. 


4 
6-Benzyloxy-7-methoxy-1-(3’-benzyloxy-4’-methoxybenzy])-2-methy]-1:2:3:4-tetrahydroisoquinoline, 281. 


33 IV 
C;;H.,N.IS, 2:2’-Diethyl-3:4:3’:4’-dibenzthiotricarbocyanine iodide, 192. 
2:2’-Diethy1-5:6:5’:6’-dibenzthiotricarbocyanine iodide, 191. 
C;;H;,0,NI 6-Benzyloxy-7-methoxy-1-(3’-benzyloxy-4’-methoxybenzyl)-3:4-dihydroisoquinoline meth- 
iodide, 280. 


C,, Group. 


3:4:5:6-Dibenzphenanthra-1:2:7:8-diquinonediazine, 1597. 
4:4’-Diacetoxy-3:3’-dimethylhelianthrone, 1520. 

4:4’. Diacetoxy-3:3’-dimethoxyhelianthrone, 1517. 

Methyl] 4-methoxysalicylate 6-O-triphenylmethy]-8-glucoside, 1619. 
Ergostenetriol-B diacetate, 305. 


C,, Group. 


4-Benzoy1-6-triphenylmethyl-2:3-dimethyl a-methylglucoside, 738. 
C;;H,,0, Ergostadienediolone benzoate, 305. 
C;;H;,0, Dihydroergosterol oxide benzoate, 389. 


35 Il 


C;;H,,0,N. Dehydroergosteryl 3:5-dinitrobenzoate, 389. 
C;;H,,0,N. Dihydroergosteryl 3:5-dinitrobenzoate, 389. 
C;;H,,0,N, Dihydroergosterol oxide 3:5-dinitrobenzoate, 389. 


C,, Group. 


C3¢H20,. 3:3’:4:4’-Tetra-acetoxynaphthadianthrone, 1518. 

C;.H..0, O-Tribenzoylgalangin, 369. 

C3¢H..0,. 3:3’:4:4’-Tetra-acetoxyhelianthrone, 1518. 

C;,H.,0, 7’-Methoxy-4-(7”-methoxy-4’’-phenylcoumarin-3”-acetoxy)naphtha(1:2:4’:3’)coumarin, 1471. 
C3.H.,0, w:2:4:6-Tetrabenzoyloxyacetophenone, 368. 

Cs¢H2,0,) Resorcinol bis-(4’-methoxy-p-dibenzoyl)ether, 141. 

C,,H;.0, Methoxyergostadienediol benzoate, 305. 


36 IV 
C,.H;,0,N.Cu Diamminocupric trisdiphenol, 1230. 


C,, Group. 


C,,H3,0,2 Quinol bis-(3’:4’-dimethoxy-p-dibenzoyl)ether, 141. 
C,,H,,0, 3:4-Dipheny]-5:5-dimethyl-4°-cyclopentenonylidene-3:4-dipheny1-5:5-dimethyl-4°-cyclopentenone, 
731. 


38 I 
C,,H;,0;P, Triphenylmethylpyrophosphonic acid, and its silver salt, 785. 


C,, Group. 


C;,H,,0., Alizarin hepta-acetyl 8-primeveroside, 1169. 
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40 1I—82 lI Formula Index. 


C,, Group. 


C,oH;,H,, Quinol bis-(3:3’:4’-trimethoxy-p-dibenzoyl) ether, 141. 
C.oH,.0,, Methyl 4-methoxysalicylate 6-O-tripheny]-2:3:4-0-triacetyl-8-glucoside, 1619. 


40 Il 
C,.H;,0,P, Methyl triphenylmethylpyrophosphonate, 785. 


40 IV 
C,oH;,0,CIP Ethyl triphenylmethylchloropyrophosphonate, 781. 


C,, Group. 
C,,H,,0,, 1-0-Methylalizarin O-hepta-acetyl-8-gentiobioside, 1168. 


41 I 
C,,H;,0,N, Ergostadienediolone benzoate 2:4-dinitrophenylhydrazone, 305. 


C,. Group. 
C,:H;, 7-isoPropenyl-1:2-benzanthracene, 1410. 


C,.H,,0,P, Ethyl triphenylmethylpyrophosphonates, 784. 


C,, Group. 
C,,.H,,0,. 4:4’-Dibenzoyloxy-3:3’-dimethoxy-1:1’-dianthraquinonyl, 1517. 


C;, Group. 
C;2H;,0,, Quinol bis-(3:4’-dimethoxy-pp-tribenzoyl) ether, 142. 


C,. Group. 


C,.H,,0,, Tris-(3:3’:3”:4”-tetramethoxy-pp-tribenzoyl)-2:3:4-trihydroxy benzaldehyde, 142. 


ERRATA. 
Vox. 1930. 
Page Line 


12 12* for “ (200 c.c.) ” read “ (20 c.c.).” 

13 15 for “ m.p. 224°” read “ m. p. 204°.” 
1748 formula II for “ NH,-C,H,S ” read “ H,-C,H,-S.” 
1754 5* for “a+ 47°” read “ a + 0°47°.” 


Vox. 1933. 
Page Line 
ll 32 in the equation insert “ Z, + ” after “=”. 


320 22,25 for “ Freyher” read “ Reyher.” 
323 2 for “their equivalent conductivities ” read “ the equivalent conductivities of their neutral 


sodium salts.” 
* from bottom. 





List of Physico-chemical Symbols. 


List of Physico-chemical Symbols adopted by the Chemical Society. 
[See J.C.S., 1921, 119, 502—512.] 


1. Mathematical Symbols. 


Base of natural (Napierian) logarithms 
Diameter 
Radius 


Summation 
Variation 

Total differential 
Partial differential 





Acceleration due to gravity 

Mechanical equivalent of heat 

Avogadro’s constant [number of molecules in 1 gram-mole- 
cule (mole) ] 

Gas constant per mole 

Faraday’s constant (number of coulombs per gram-equiv- 
alent of an ion) 

Charge on an electron 





Density (mass per unit volume) 

Pressure 

Concentration 

Mole fraction 

Critical constants: pressure, volume, temperature (centi- 
grade), temperature (absolute), density 

Reduced quantities : pressure, volume, temperature, density 

van der Waals’ constants 

Fluidity 

Viscosity 

Surface tension 

Diffusion coefficient 

Atomic weight 

Molecular weight 

Velocity coefficient of reaction 

Equilibrium constant 

van ’t Hoff coefficient 

Degree of dissociation (electrolytic, thermal, etc.) 





4. Heat and Thermodynamics, 


Temperature (centigrade) 
Temperature (absolute) 
Critical temperature 
Reduced temperature 


Usual 
symbol. 
é 


CTAKMMARA 


oe 


od e 
> 
Oy 3 


> 

e 
re 
Pa 
ea 


al 


S 
S&Pe sor 


x 


s 


x 
R of > 


~ 


° 











Alternative 
symbol. 





List of Phystco-chemical Symbols. 


4. Heat and Thermodynamics—(continued). 


Critical solution temperature 
a of heat 

ntropy 
Specific heat 
Specific heat at constant pressure 
Specific heat at constant volume 
Ratio of specific heats, c, : c, 
Molecular heat 
Molecular heat at constant pressure 
Molecular heat at constant volume 
Latent heat per gram 
Latent heat per mole 
Maximum work (diminution of free energy) 


5. Optics. 


Wave-length of light 

Refractive index 

Specific refractive power (Gladstone and Dale) 
Specific refractive power (Lorentz and Lorenz) 


Molecular refractive power 


Angle of optical rotation 

a rotatory power 
olecular rotatory power 

— magnetic rotation 
olecular magnetic rotation 


Quantity of electricity 

Current intensity 

Resistance 

Electromotive force 

Electrode potential, or discharge potential of an ion 

Electrode potential referred to the normal hydrogen or 
normal calomel electrode respectively, the potential of 
which is taken as zero 

Normal potential, i.e., the electrode potential referred to the 
normal hydrogen or normal calomel electrode respec- 
tively, when the solution is molecular-normal in respect 
of all participating substances and ions of variable con- 
centration 

Dielectric constant 

Conductivity (specific conductance) 

Equivalent conductivity 

Equivalent conductivity at different dilutions—volumes in 
litres containing 1 gram-equivalent 

Equivalent conductivity of cation and of anion 

Equivalent conductivity of specified ions 

Molecular conductivity 

Velocity of cation and of anion in cm./sec. when the poten- 
CERE Ga Oy F WEEE BOE GOR. cc ccccccccccccccccscccscscccccoes 

Transport number of cation and of anion 

Magnetic permeability 

Magnetic susceptibility 











Usual 
symbol. 
ae 


NO 


BHAA NOLES o 


X 
n 
Ya [Yaly 
Lea [r2]), 
Re R,, 
[Relr» [Rik 


a 
(a) 











Alternative 
symbol. 











Symbol. 
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List of Physico-chemical Symbols. 


List of Symbols, Arranged Alphabetically. 


Name of quantity. 


Atomic weight; maximum work. 

Van der Waals’ constant. 

Van der Waals’ constant. 

Concentration; molecular heat. 

Concentration; specific heat. 

Molecular heat at constant pressure, and at constant volume. 

Specific heat at constant pressure, and at constant volume. 

Alternative symbol for density. 

Diameter; total differential; density. 

Critical density. 

Reduced density. 

Electromotive force; electrode potential. 

Base of Napierian logarithms; charge on an electron. 

Electrode potential referred to the normal hydrogen or the normal calomel 
electrode, respectively, the potential of which is taken as zero, 

Normal potential, that is, the electrode potential referred to the normal 
hydrogen or the normal calomel electrode respectively, when the solution 
is molecular-normal in respect of all participating substances and ions 
of variable concentration. 

Faraday’s constant (number of coulombs per gram-equivalent of an ion). 

Acceleration due to gravity. 

Height. 

Current. 

Van ’t Hoff coefficient. 

Mechanical equivalent of heat. 

Equilibrium constant. 

Equilibrium constant, when molar concentrations and partial pressures’ 
respectively are employed. 

Velocity coefficient of reaction. 

Latent heat per mole. 

Length; latent heat per gram. 

Molecular weight. 

Molecular rotatory power. 

Molecular magnetic rotatory power. 

Mass 


Avogadro’s constant (Loschmidt’s number) or number of molecules in 1 
gram-molecule. 

Refractive index. 

Transport number of cation and of anion. 

Refractive index (alternative symbol). 

Pressure, 

Pressure. 

Critical pressure : reduced pressure. 

Quantity of heat; quantity of electricity. 

Gas constant per mole; electrical resistance. 

Molecular refractive power, according to Gladstone and Dale, and to Lorentz 
and Lorenz respectively. 

Radius. 

Specific refractive power according to Gladstone and Dale, and to Lorentz 
and Lorenz respectively. 

Entropy. 

Absolute temperature. 

Critical temperature (on the absolute scale). 

Reduced temperature (absolute). 

Critical solution temperature (absolute). 

Time; temperature (centigrade). 

Critical temperature (centigrade). 

Critical solution temperature (centigrade). 

Reduced temperature (centigrade). 

Velocity of cation and of anion in cm./sec. when the potential gradient is 
1 volt per cm. 

Volume. 

Volume. 

Critical volume: reduced volume. 















List of Physico-chemical Symbols. 


List of Symbols, Arranged Alphabetically—(continued). 


Name of quantity. 


Electrical resistance (alternative symbol). 

Mole fraction. 

Degree of dissociation (electrolytic, thermal, etc.) ; angle of optical rotation. 

Specific rotatory power. 

Surface tension; ratio of specific heats. 

Diffusion coefficient. 

Variation. 

Partial differential. 

Electrode potential (alternative symbol); dielectric constant. 

Electrode potential referred to the normal hydrogen or the normal calomel 
electrode respectively, the potential of which is taken as zero (alternative 
symbols). 

Normal potential, that is, the electrode potential referred to the normal 
hydrogen or the normal calomel electrode respectively, when the solution 
is molecular-normal in respect of all participating substances and ions of 
variable concentration (alternative symbols). 

Viscosity. 

Temperature (centigrade), (alternative symbol). 

Specific conductance (conductivity); magnetic susceptibility. 

Equivalent conductivity. 

Equivalent conductivity at different dilutions (volumes in litres containing 
1 gram-equivalent). 

Equivalent conductivity of cation and of anion. 

Wave-length of light. 

Molecular conductivity ; magnetic permeability. 

Ratio of circumference to diameter. 

Summation. 

Surface tension (alternative symbo)). 

Fluidity. 

Specific magnetic rotation, 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, January 19th, 1933, at 8 p.m., Professor G. G. 
HENDERSON, M.A., D.Sc., F.R.S., President, in the Chair. 
The PRESIDENT referred to the loss sustained by the Society, through death, of the 
following Fellows : 
Elected. Died. 


Marcus Benjamin Feb. 17th, 1881. Oct. 22nd, 1932. 
Thomas Henry Bowles May 7th, 1925. Dec. 3rd, 1932. 
Walter Hepworth Collins Feb. 16th, 1888. May 10th, 1932. 
Walter William Duffield May 5th, 1892. Dec. 23rd, 1932. 
John Glaister Feb. 17th, 1898. Dec. 18th, 1932. 
George William Howard June 20th, 1889. Aug. 11th, 1932. 
Claude Metford Thompson Mar. 4th, 1886. Jan. 4th, 1933. 
Thomas Tucker May 2nd, 1918. Jan. Ist, 1933. 
William Arthur Williams Feb. 16th, 1899. Dec. 29th, 1932. 


The PRESIDENT announced that: 


1. Under the revised Bye-Laws adopted at the Extraordinary General Meeting on 
December 16th, 1932, which have now come into operation, the Council has appointed 
Professor S. Sugden as Honorary Secretary until the next Annual General Meeting. 


2. The names of the members of Council who retire at the next Annual General 
Meeting, and who are ineligible for the same office until after the lapse of one year, are 
as follows : 


President: Professor G. G. HENDERSON. 

Vice-Presidenis who have filled the office of President : Professor PErcy F. FRANK- 
LAND, and Dr. ALEXANDER SCOTT. 

Vice-Presidents who have not filled the office of President : Professor A. LAPworRTH, 
and Dr. F. L. PyMAN. 

Honorary Secretary : Professor C. S. GIBSON. 


Ordinary Members of Council— 


(a) Town Members: Dr. T. J. DRAKELEY, Professor R. H. A. PLIMMER, and 
Professor C. K. TINKLER. 

(b) Country Members: Professor H. M. Dawson, Dr. E. Hope, and Professor 
J. KENDALL. 


Under Bye-Law X, three Honorary Secretaries may be appointed, and the Council 
considers this desirable. As stated above, the Council has appointed Professor S. 
Sugden as Honorary Secretary until the next Annual General Meeting. This vacancy, 
therefore, falls due to be filled. 


NOTICE is hereby given that in accordance with the Bye-Laws the following vacant 
places in the Council fall due to be filled at the Annual General Meeting of the Society, 
which will be held in Burlington House on Thursday, March 30th, 1933, at 4 p.m. : 


President One vacancy. 

Vice-Presidents who have filled the office of President Two vacancies. 
Vice-Presidents who have not filled the office of President Two vacancies. 
Honorary Secretaries Two vacancies. 





Ordinary Members of Council— 
(a) Town Members (i.e. those living within a radius of 50 miles 
from London) Three vacancies. 
(b) Country Members (i.e. those living beyond a radius of 50 miles 
from London) Three vacancies. 


In accordance with Bye-Iaw VI, the Council has made the following nominations : 


President : Professor G. T. MORGAN. 
Honorary Secretaries : Professor S. SUGDEN and Dr. J. M. GULLAND. 


3. The Harrison Memorial Prize Selection Committee, consisting of the Presidents of 
the Chemical Society (Professor G. G. Henderson, M.A., D.Sc., F.R.S.), the Institute of 
Chemistry of Great Britain and Ireland (Dr. G. C. Clayton, C.B.E., M.P.), the Society of 
Chemical Industry (Dr. R. H. Pickard, F.R.S.), and the Pharmaceutical Society (Mr. F. 
Gladstone Hines), has awarded the Harrison Memorial Prize for 1932 to Dr. Harry Julius 
Emeléus. 

The Prize is given for conspicuously meritorious work in any branch of chemistry, 
pure or applied, and is to be regarded as an exceptional distinction to commemorate an 
exceptional man and to be conferred upon the young chemist under thirty years of age 
who, in the opinion of those best qualified to judge, has made a notable addition to our 


knowledge of chemistry. 
The presentation of the Prize will be made at the Annual General Meeting of the 


Chemical Society, on Thursday, March 30th, 1933, at 4 p.m. 


Forms of Recommendation were read for the first time in favour of: 


Mitizo Asano, Prof., Pharmaceutical Institute of Kanazawa Medical College, Kanazawa, Japan. 

Gilbert Dodd, 4, Woodfield Avenue, Ealing, W. 5. 

James Francis Dunworth, B.Sc.Tech., 5, Meadowbank, Polmont, Falkirk. 

James Rawlings Elliott, Ranula, Fairway, Petts Wood, Kent. 

Donald Faulkner, 52, Inglemire Lane, Beverley High Road, Hull. 

Robert Ernest Victor Hampson, D.Sc., 27, Holden Road, Woodside Park, N. 12. 

Archie Hickling, M.Sc., 56, Newbold Road, Chesterfield. 

John William Ingham, M.Sc., F.I.C., 17a, Willowbrae Avenue, Edinburgh. 

Kathleen Olive Patricia Jackson, B.Sc., Little Orchard, Cofton, Starcross, S. Devon. 

Maurice Bevan Jarman, M.A., B.Sc., 53, Norton Avenue, Norton-on-Tees. 

Joseph Cleaver Jordan, 4, Princes Road, Lewisham Hill, S.E. 13. 

Andreas Klit, 18, Vodroffsvej, Copenhagen V. 

John Charles Lawson, B.A., 8a, Elm Street, Cambridge. 

Robert Henry Leach, 107, Junction Road, Upper Holloway, N. 19. 

John Edward Lennard-Jones, Prof., D.Sc., Ph.D., The University, Cambridge. 

Emyr Alun Moelwyn-Hughes, Ph.D., D.Phil., A.I.C., Trinity College, Oxford. 

John Frederick Morley, Ph.D., A.R.C.S., 3, Whitby Road, South Harrow. 

Frank Morton, B.Sc., 86, Oaktree Lane, Selly Oak, Birmingham. 

Stanley Kennedy North, 31, Ladbroke Grove, W. 11. 

Clifford Gordon Raison, 3, Dunollie Road, Tufnell Park, N.W. 5. 

Alan Dalton Scott, Hill Cottage, Harvey Lane, Norwich. 

James King Steel, B.Sc., A.I.C., c/o Messrs. J. & P. Coats, Ltd., 155, St. Vincent Street, 
Glasgow, C. 2. 

Richard William Wren, 12, Drake Road, Westcliff-on-Sea. 


The following forms of recommendation have been accepted by the Council under 
Bye-Law I (2): 
Tenney L. Davis, B.Sc., A.M., Ph.D., Massachusetts Institute of Technology, Cambridge, Mass., 
U.S.A. 
Ciro Ravenna, Prof., R. Istituto Superiore Agrario, Pisa, Italy. 
Robert Hamilton Wright, B.A., M.Sc., Ph.D., University of New Brunswick, New Brunswick, 


Canada. 
Tsoh-Wu Zee, Prof., B.Sc., M.A., Ph.D., University of Shanghai, Shanghai, China. 


The following papers were read : 
“The formation of organo-metalloidal compounds by micro-organisms. Part I. Tri- 
methylarsine and dimethylethylarsine.” By F. CHALLENGER, (Miss) C. HIGGIN- 
BOTTOM, and L. ELLIs. 
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“ Derivatives of methylene-blue.” By H. D. K. Drew and F. S. H. HEAp. 

“ Monothioethylene glycol. Part IV. Aryl $-hydroxy- and £-chloro-ethyl sulphides.” 
By G. BADDELEY and G. M. BENNETT. 

“ The influence of the sulphur atom on the reactivity of adjacent atoms or groups. Part 
VI. Aromatic side-chain and nuclear reactivity.” By G. BADDELEY and G. M. 


BENNETT. 


List of papers, or abstracts thereof, received between December 16th, 1932, and January 
19th, 1933. (This List does not include the titles of papers which have been read at an 
Ordinary Scientific Meeting, or which have appeared in the Journal.) 


“‘ The reaction between o0-toluidine and sulphur.”” By H. H. HopcGson and H. V. FRANCE. 

“On the coil ignition of some explosive gaseous mixtures.” By B. W. BRApFrorpD, G. I. 
Fincu, and (Miss) A. M. Prior. 

‘‘ Binary liquid systems and the mixture rule.””’, By W. MACFARLANE and R. WRIGHT. 

“The dehydration of the «-forms of rv- and (+)o- and m-tolylhydrobenzoins.” By R. 
ROGER and W. B. McKay. 

“Comparison of the directive powers of elements having consecutive atomic numbers. 
Part V. The nitration of 9-phenylxanthylium perchlorate. The location of the 
positive charge in oxonium salts.” By R. J. W. LE FEvre and J. PEARSON. 

‘“‘ Phenylmethylselenetine mercuriodide.” By M. P. BALFE and H. PHILLIPs. 

“ The unsaponifiable matter from the oils of elasmobranch fish. Part IX. The structure 
of batyl and selachyl alcohols.” By W. H. Davies, I. M. HEILBRON, and W. E. 


JONES. 
“Evidence from surface films on the constitution of batyl and chimyl alcohols.” By 


N. K. ADAM. 

“The isomeric 9: 10-dihydroxyoctadecyl alcohols produced by oxidation of cis- and 
trans-A®*19-octadecenyl (oleyl and elaidyl) alcohols.” By G. CoLtin and T. P. 
HILDITCH. 

“The interaction of acetophenone, ferric chloride, and acetic anhydride, in which the 
last-named acts as a ketone.” By R. J. W. Le FEvre. 

“The depside esters of dihydric phenols and some polydepsides.”” By T. CurriE and A. 
RUSSELL. 

_‘*]-Methyl-4-isopropylnaphthalene and _ 1:7-dimethyl-4-sopropylnaphthalene.” By 
W. S. Rapson and W. F. SHort. 

“The photo-change of N-chloroacetanilide in various solvents.” By F. W. HopcEs. 

‘“ The stereochemistry of 2 : 2’-disubstituted diphenyls. Part III. The optical resolution 
of o-(2-dimethylaminophenyl)phenyltrimethylammonium iodide.” By (Miss) F. R. 
SHAw and E. E. TURNER. 

“Lichen acids. Part IV. Atranorin.” By F. H. Curp, A. RoBertson, and R. J. 
STEPHENSON. 

“Liquidus and solidus studies. Part II. The ternary system KNO,, NH,NOs, and 
Pb(NO,)..” By H. M. Grass, K. LAyBourn, and W. M. ManpcIn. 

“ Reactions of 1 : 2:3: 4-tetrahydroxanthone.” By H. I. Hatt and S. G. P. PLANT. 

“ Anthoxanthins. Part XIII. Synthesis of a colouring matter of Robinia pseudoacacia,”’ 
By E. H. CHARLESWorRTH and R. ROBINSON. 

“ The dissociation constant of acetic acid. A criticism.’ By D. J. G. IvEs. 

‘Dipole moments and structures of the organic azides and aliphatic diazo-compounds.” 
By N. V. Sipewick, L. E. Sutton, and W. Tuomas. 

‘Experiments on the synthesis of physostigmine (eserine). Part VII.”” By F. E. Kine 
and R. RoBINSON. 

“ Aliphatic long-chain m-alcohols.”” By J. W. C. PHILLIPs and S. A. MUMFORD. 

“Attempts to extend the Mannich reaction to derivatives of 4-methylquinoline and 2: 4- 
di-nitrotoluene.”” By W. O. KERMACK and W. Muir. 
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FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE BALLOT WILL 
BE HELD AT THE ORDINARY SCIENTIFIC MEETING ON THURSDAY, 


FEBRUARY 16th, 1933. 


Asano, Mit1zo, Pharmaceutical Institute of Kanazawa Medical College, Kanazawa, Japan. 
Japanese. Professor of Organic Chemistry. ‘‘ Yakugaku-hakusi’’ (Doctor of Pharmacy). 
Published many chemical works since 1919. Professor of Pharmaceutical Department of 
Kanazawa Medical College (1925). ‘‘ Yakugakuhakusi,’’ 1926. Director of Pharmaceutical 
Department of K.M.C., 1931. (Signed by) Yasuhiko Asahina, Shigehiko Sugasawa, Junzo 
Shinoda. 

BAGSTER, LANCELOT SALISBURY, The University, Brisbane, Queensland. British. Pro- 
fessor of Chemistry. D.Sc., Adelaide. Professor of Chemistry, University of Queensland. 
Papers: J. Soc. Chem. Ind., 1924, 61; J. Faraday Soc., 1912, 51; J.C.S., 1910, 2607; 1911, 
1218; 1917, 494; 1920, 693; 1928, 2631. (Signed by) J. C. Earl, J. B. Henderson, E. J. 
Hartung. 

Bants, ANTONIO GARCIA, Barcelona, Plaza Trilla 4, Spain. Spanish. Professor of Organic 
Chemistry. Doctor of Science (University of Madrid). Fellow of the Spanish Academy of 
Sciences. Vice-Rector of Barcelona University. Scientific papers: An Soc. esp. de fis. y quim., 
1910, viii. 355; 1912, x. 166, 449, 298; 1913, xi. 78, 599, 363; 1914, xii. 163; 1921, xix. 293, 
326; 1922, xx. 475, 479, 667, 689; 1923, xxi. 126, 436; 1928, xxvi. 372; 1929, xxvii. 49. 
(Signed by) E. Moles, Fernando Calvet, José Pascual. 

Boys, SAMUEL Francis, “ Fairlaun,’” 643, Fulham Road, S.W.6. British. Research 
student. B.Sc. (Chemistry, Ist Class Honours); A.R.C.S. (lst Class Honours), (University of 
London). Student at Royal College of Science (1929-1932). Engaged in research work in 
Chemistry at Royal College of Science, Imperial College. (Signed by) H. B. Baker, Jocelyn 
Thorpe, James C. Philip. 

BROADWAY, LEONARD FRANcIs, Clare College, Cambridge. British. Research Student. 
B.Sc., Ph.D. (Bristol). ‘‘ Application of the Stern—Gerlach Experiment to the Study of Active 
Nitrogen,” Proc. Roy. Soc., 1930, 127, 678. (Signed by) T. M. Lowry, R. G. W. Norrish, F. W. 
Kirkbride. 

BROUGHTON, GEOFFREY, 117, Peterborough Road, Leyton, E.10. British. Student 
B.Sc. (London). (Signed by) J. R. Partington, D. C. Jones, H. H. Hatt, W. H. Patterson. 

BURRELL, WILLIAM GuNN, 1, Colebrooke Place, Glasgow, W.2. British. Tutor, Royal 
Technical College, Glasgow. M.A. (Glasgow). Editor for seven years of the Journal of the 
Royal Technical College, Glasgow. I am desirous of keeping myself and the students whom I 
advise abreast of recent advances in Chemistry. (Signed by) F. J. Wilson, W. M. Cumming, 
R. M. Caven. 

CoLLigE, BENJAMIN, 31, Landale Road, Peterhead, Aberdeenshire. British. Research 
Student. B.Sc. (Hons.), (Aberdeen). Reasons for desiring admission are (1) attend the meet- 
ings of the Society, (2) use of the Library, (3) receive the publications. (Signed by) F. G. 
Donnan, Alex. Findlay, W. Rogie Angus. 

Cook, ARTHUR HERBERT, 16, Kynaston Road, Stoke Newington, N.16. English. 
A.R.C.S. (Royal College of Science, S. Kensington). Research Student. (Signed by) Jocelyn 
Thorpe, G. A. R. Kon, R. P. Linstead. 

Cowan, Davip Mark, 121, Herbert Road, Plumstead, S.E.18. British. Schoolmaster. 
B.Sc. (London), A.R.C.S. Took A.R.C.S. and B.Sc. degrees in Chemistry at the Royal College 
of Science, Imperial College, 1928-31. Conducting research work at Woolwich Polytechnic. 
(Signed by) A. I. Vogel, A. Brewin, G. H. Jeffery. 

CowLey, Eric GeorGce, 4, Walsingham Road, Enfield, Middlesex. British. Research 
Student. Passed Special B.Sc. Exam., with First-Class Honours in Chemistry, in June 1932 
after two years’ course at East London College, University of London. London Univ. Scholar- 
ship in Chemistry, 1932. (Signed by) J. R. Partington, H. D. K. Drew, D. C. Jones, W. H. 
Patterson. 

Davies, JOHN STANLEY HERBERT, “ Woodlands,’”’ Crescent Road, Cheetham Hill, Man- 
chester. British. Research Chemist, British Dyestuffs Corporation. B.A. (Cantab.), M.Sc. 
Tech., Ph.D. (Manchester). Part Author: /.C.S., 1920, 117, 1344; 1922, 121, 1000; 1926, 
690; 1929, 535; 1931, 220, 224; J. Soc. Dyers and Col., 1926, 242. (Signed by) E. H. Rodd, 
R. Brightman, K. H. Saunders, E. E. Walker. 

Dopp, GILBERT, 4, Woodfield Avenue, Ealing, W.5. British. Hospital Pharmacist. 
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Chemist and Druggist, Member of the Pharmaceutical Society (London). Studying Biochemistry 
and desirous of receiving the Journal, reading the Abstracts, and using the Library. (Signed by) 
Wilfrid H. Linnell, Eric F. Hersant, T. E. Wallis. 

DuNwoRrTH, JAMES FRANCcIs, 5, Meadowbank, Polmont, Falkirk, N.B. British. Librarian, 
Scottish Dyes, Ltd., Imperial Chemical Industries, Ltd., Grangemouth. B.Sc. (Tech.), Man- 
chester. Sixteen years in chemical industry, research and works chemist in metallurgy, bleach- 
ing and dyestuffs manufacture. (Signed by) E. G. Beckett, R. Brightman, L. J. Hooley, E. H. 
Rodd. 

DyYKE, WILFRED JAMEs CECIL, National Institute for Medical Research, Hampstead, N.W. 3. 
British. Fellow of the University of Wales. B.Sc., Ph.D. (Wales). At present engaged on 
research work in organic chemistry with Dr. H. King. Desire to attend the meetings of the 
Chemical Society, to receive the Journal, etc. With Professor W. J. Jones and others, /.C.S., 
1930 (463. 1921, 2426); 1931 (185); 1932 (1815, 2284). (Signed by) W. J. Jones, N. M. 
Cullinane, Harold King. 

EDWARDS, JOHN OwEN, 90, Anerley Park, S.E. 20. British. B.Sc., East London College 
(London University). Research Student in Physical Chemistry. (Signed by) J. R. Partington, 
G. H. Wyatt, H. H. Hatt, H. J. Moss. 

ELLIotT, JAMES RAWLINGS, “ Ranula,’’ Fairway, Petts Wood, Kent. British. Pharma- 
ceutical Chemist; Member of Pharmaceutical Society; Member of Institute of Chemist- 
Opticians. Demonstrator in Pharmacy, School of Pharmacy (University of London). 
Examiners’ Assistant in Chemistry to Board of Examiners of Pharmaceutical Society, 1927-— 
1928. Lecturer in Department of Pharmacy, Bradford Technical College, 1928-1929. 
Temporary Lecturer in Botany, Morley College, Lambeth (1928). (Now studying for Diploma 
in Biochemical Analysis of the Pharmaceutical Society.) Silver medallist in Chemistry in 
advanced course of the School of Pharmacy, Pharmaceutical Society. (Signed by) Robert W. 
Lindsey, Edward A. Andrews, Harry Lucas. . 

ETCHELLS, KENNETH KERSHAW, 413, Bellegrove Road, Welling, Kent. British. Chemist, 
War Dept., Royal Arsenal, Woolwich. B.Sc. (Liverpool), M.Sc. (London), A.I.C. (Signed by) 
A. I. Vogel, A. Brewin, W. W. Jones. 

Evans, SAMUEL, 15, Elm Grove, Aberdare, Glam. British. Chemistry Master at Aberdare 
Boys’ County School. M.Sc. (Wales). Graduated B.Sc. with Honours in Chemistry. Three 
years’ part-time research for M.Sc. (Signed by) T. Campbell James, D. Matthew Williams, 
C. R. Bury, L. J. Hudleston. 

FAULKNER, DONALD, 52, Inglemire Lane, Beverley High Road, Hull. British. Chemist 
and Druggist. Member of the Pharmaceutical Society of Great Britain, Edinburgh. Tuition 
received at University College, Nottingham. Desire admission into the Society in order to 
keep in touch with the advance of Chemistry in relation to analytical and manufacturing work 
as can be applied to the subject of Pharmaceutical Chemistry. (Signed by) R. H. Williams, 
Harry Thompson, Thos. A. Nightscales. 

FINKLESTONE, Ett, 24, Greek Street, London Road, Liverpool. British. Analyst. I am 
keenly interested in chemistry, and desire to keep in touch with modern developments. (Signed 
by) A. E. Findley, J. D. Johnson, J. G. Merry. 

GETTLER, ALEXANDER Oscar, 32, Waverly Place, New York City, U.S.A. American. 
Professor of Chemistry, Washington Square College, New York University. Pathological 
Chemist, Bellevue Hospital, New York City. Toxicologist for Chief Examiner’s Office, New 
York City. B.A., 1904, College of the City of New York; M.A., 1909, Columbia University ; 
Ph.D., 1912, Columbia University. Various papers in the Journal of Biological Chemistry, 
Journal of the American Chemical Society, Journal of the American Medical Association, etc. 
(Signed by) W. C. MacTavish, R. Keith Cannan, James Kendall. 

GHOSAL, SUBIMAL CHANDRA, c/o Thomas Cook & Son (Bankers), Ltd., Berkeley Street, 
London. Indian. Research Student in Chemistry (R.C.S.). M.Sc. in Chemistry, University 
of Calcutta (India). (Signed by) G. A. R. Kon, A. N. Dey, E. H. Farmer. 

GLEAVE, JOHN LESLIE, 14, Camden Square, N.W.1. English. Research Student. B.Sc. 
(London) (in suspense). I wish to use the Library and to obtain the publications. (Signed by) 
C. K. Ingold, O. L. Brady, R. J. W. Le Févre. 

GRINDLEY, JOHN, 12, Lowther Road, Barnes, S.W.13. British. Chemist. B.Sc., Ph.D. 
(Wales), A.I.C. Publications in the J.C.S. and Trans. Faraday Soc., 1929, 25, 133, on the 
physico-chemical properties of aqueous solutions. Member of the temporary staff of the 
Government Laboratory since Jan. 1931. J.C.S., 1928, 3297; 1929, 679; 1930, 1665. (Signed 
by) R. Robertson, J. J. Fox, H. G. Smith. 
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Hampson, RoBerRT ERNEST Victor, 27, Holden Road, Woodside Park, N.12. British. 
B.Sc. (1st Class Honours), M.Sc., D.Sc. (Liverpool). Director of Research, British Launderers’ 
Research Association, Hill View Gardens, Hendon, N.W.4. (Signed by) F. G. Donnan, J. J. 
Fox, J. T. Hewitt. 

Haypon, SIDNEY FRANK, Holland House, Holland Road, Hornsey, N. 8. English. Metal- 
lurgist. Student of City of London College, 1919-1926 (Exhibitioner Chem., 1925). Assayer, 
The Goldsmiths’ Company, Goldsmiths’ Hall, London, E.C. (Signed by) Alex. W. Bain, A. E. 
Garrett, G. Haydon. 

Hey, Max Hurtcurinson, “ Oxley,” 18, Holmdene Avenue, North Harrow, Middlesex. 
British. Mineralogical Chemist, Natural History Museum. B.A. (Oxon.), B.Sc. (Lond.). 
“ Kristallographische Untersuchungen einiger derivate der Diphenylessigsaure und des Di- 
phenylathers,” Zeits. Krist., 1926, 63, 496. ‘‘ On the Variation of Optical Properties with 
Chemical Composition in the Rhodonite—Bustamite Series,’”” Min. Mag., 1929, 22, 193. ‘“‘ On 
Face- and Zone-Symbols referred to Hexagonal Axes,”’ ibid., 1930, 22, 283. ‘‘ Cupriferous 
Melanterite from the Shrouriotissa Mine, Cyprus,” ibid., 1930, 22, 413. ‘‘ Studies on the 
Zeolites, Part I, General Review,” ibid., 1930, 22, 422; ‘‘ Part II, Thomsonite (including 
Faroclite) and Gonnardite,”’ ibid., 1932, 28, 51; ‘‘ Part III, Natrolite and Metanatrolite,” ibid., 
1932, 23, 243. ‘‘ On Pink Epsomites and Fauserite,”’ ibid., 1931, 22, 510. ‘‘ Legrandite, a 
New Zinc Arsenate (with Dr. J. Drugman),” ibid., 1932, 23, 175, and several notes, etc. (mainly 
in Min. Mag.). (Signed by) E. Hope, S. G. P. Plant, D. Ll. Hammick. 

HIcKLING, ARCHIE, 56, Newbold Road, Chesterfield. British. Research Student. B.Sc. 
(Ist Class Hons. Chem.), 1930; M.Sc., 1931, Sheffield. Studies in Electrolytic Oxidation (with 
S. Glasstone), Part I, ].C.S., 1932, 2345; Part II, ibid., 1932, 2800. (Signed by) G. M. Bennett, 
S. Glasstone, Arthur W. Chapman. 

HuGues, LESLIE ALFRED, 393, Bromley Road, Catford, S.E.6. British. Student Research 
Chemist. B.Sc., London, 1932; A.R.C.S. Formerly employed at H.M. Fuel Research Station 
(D.S.I.R.) as a Junior Technical Assistant, from Nov. 1929 to Oct. 1931. Now pursuing Organic 
Chemistry Research at the Imperial College of Science. (Signed by) E. H. Farmer, G. A. R. 
Kon, R. P. Linstead. 

INGHAM, JOHN WILLIAM, 17a, Willowbrae Avenue, Edinburgh. British. Lecturer in 
Chemistry. B.Sc. (Lond.), 1915; M.Sc. (Lond.), 1924; F.1.C., 1920. Fourteen years’ teaching 
experience. ‘Two years’ industrial experience with Messrs. British Dyes, Ltd., Huddersfield. 
Publications : J.C.S., 1928, 1917 and 2381; 1929, 2059; 1930, 542. (Signed by) T. Slater Price, 
James Sandilands, R. H. Hopkins. 

IsHiGURO, TAKEO, No. 707, 2-chome Daita, Setagaya-ku, Tokyo, Japan. Japanese. 
Research assistant of chemistry at Tokyo Imperial University. Graduate in pharmaceutical 
chemistry (Tokyo Imperial University). (Signed by) Yasuhiko Asahina, Heisaburo Kondo, 
Shigehiko Sugasawa. 

Jackson, KATHLEEN OLIVE Patricia, Little Orchard, Cofton, Starcross,S. Devon. British. 
Research student at University College, Exeter. B.Sc. (London), special Ist Class Chemistry. 
I desire to attend the meetings, receive the publications and use the Library. (Signed by) 
H. T. S. Britton, R. King, Herbert Henstock. 

JARMAN, MAuRICE Bevan, 53, Norton Avenue, Norton-on-Tees, Co. Durham. British. 
Research Chemist, Imperial Chemical Industries (Fertiliser and Synthetic Products), Ltd. 
M.A., B.Sc. (Oxon.). First-class Honours, chemistry finals, Oxford, 1928. (Signed by) M. P. 
Applebey, S. G. P. Plant, Frederick M. Brewer. 

JORDAN, JOSEPH CLEAVER, 4, Princes Road, Lewisham Hill, S.E. 13. British. Pharmacist. 
M.P.S. at Bloomsbury Square, London. Assistant in Retail Pharmacy to Messrs. Allen & 
Hanburys; Student at the School of Pharmacy; Member of the Pharmaceutical Society ; 
studying at Chelsea Polytechnic for the Pharmaceutical Chemist Qualification. (Signed by) 
F. H. Lowe, Charles Dorée, G. Humphrey Pierson. 

Kit, ANDREAS, 18, Vodroffsvej], Copenhagen V, Denmark. Danish. 1926 to present time 
Assistant at the Chemical Laboratory of the University. Cand. polyt. (Copenhagen). ‘‘ Uber 
die Anwendung der Chinhydronelektrode bei der elektrometrischen Saretitration,’’ Z. physikal. 
Chem., 1927, 131, 61, and together with Professor Biilmann: ‘“ Kolloidales Palladium als 
Katalysator in der Wasserstoffelektrode,” ibid., 1927, 130, 566; ‘‘ Determination of Hydrogen- 
ion Concentrations in Phosphate and Borate Mixtures by means of the Quinhydrone Electrode,” 
Biochem. J., 1928, xxii, 845. ‘‘ Uber die Darstellung und das Reduktionspotential des Diathy]- 
alloxantin,’”’ Ber. Deutsch. Chem. Ges., 1930, 68, 2205. (Signed by) Einar Biilmann, Chr. Winther, 
H. Baggesgaard Rasmussen. 
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KNIGHT, JOHN GEORGE, 41, Park Drive, Winchmore Hill, N. 21. British. Schoolmaster. 
B.Sc., London. Assistant Master at Haberdasher’s Ashes Hampstead School since 1925. 
Purpose of application: Research in History of Chemistry in the Chemical Society Library. 
(Signed by) O. L. Brady, J. N. E. Day, Henry Terrey. 

LAWSON, JOHN CHARLES, 8A, Elm Street, Cambridge. British. Research Student. B.A. 
(Cantab.). Nat. Sciences Tripos, Part I, Ist Class, 1931; Part II, Ist Class, 1932. Assistant 
Demonstrator, University Chemical Lab., Cambridge. Date of birth 5th Aug., 1910. (Signed 
by) H. McCombie, A. J. Berry, Harold A. Scarborough. 

Leacu, Ropert Henry, 107, Junction Road, Upper Holloway, N.19. British. Student 
at University College, London, taking B.Sc. (Hons.) Course in Chemistry. Date of birth 19th 
Sept., 1913. (Signed by) R. J. W. Ie Févre, Henry Terrey, J. Pearson. 

LENNARD-JONES, JOHN Epwarp, The Chemical Laboratory, The University, Cambridge. 
British. Plummer Professor of Theoretical Chemistry. Ph.D. (Cambridge), D.Sc. (Man- 
chester). (Signed by) W. J. Pope, T. M. Lowry, Eric K. Rideal, W. H. Mills, W. P. Wynne. 

Lowe, Harotp, “‘ The Poplars,’’ Park West, Heswall, Cheshire. British. Public Analyst. 
M.Sc. (Manchester), F.I.C. Studied at Manchester University (5 years) under Prof. H. B. 
Dixon and Prof. W. H. Perkin. Present positions: Public Analyst for Counties of Anglesey, 
Carnarvon, Denbigh, Flint, Merioneth, Montgomery, Shropshire, the City of Chester and Boro’ 
of Wenlock. Official Agricultural Analyst for Anglesey, Carnarvonshire, Denbighshire, Flint- 
shire, Shropshire, City of Chester. Have published several papers in The Analyst. (Signed by) 
Bernard Dyer, C. S. Gibson, J. Augustus Voelcher, John Greenaway. 

McLean, ANDREW, 42, Spittalfield Road, Inverkeithing, Fife. Scottish. Assistant. B.Sc., 
Ph.D., Edinburgh University. Investigations of solvent action and the processes operative in 
solutions as revealed by optital rotatory power data. Rule and McLean, /.C.S., 1931, 669 
and 674; 1932, 1400 and 1409. (Signed by) James Kendall, H. Gordon Rule, J. A. V. 
Butler. 

MarTIN, STANLEY REGINALD WILLIAM, 24, Goldie House, Hazellville Road, N. 19. English. 
Research Chemist. B.Sc. Hons., 2nd Class, London, and A.R.C.S. Experience as a Junior 
Technical Assistant (Chemist) at H.M. Fuel Research Station (Greenwich) from Nov. 1929 to 
Oct. 1931. (Signed by) G. A. R. Kon, Arnold Stevenson, E. H. Farmer. 

MELVILLE, HARRY Work, 18, Kirkhill Gardens, Edinburgh. British. Carnegie Research 
Scholar, University of Edinburgh. B.Sc., Ph.D. (Edin.). Proc. Roy. Soc., 1931, 182, 108; 
1932, 185, 315; 1932, 188, 374; Proc. Roy. Soc. Edin., 1932, 52,337; Trans. Faraday Soc., 1932, 
28, 308, 814; Nature, 1932, 129, 546; J.C.S., 1931, 2509. (Signed by) James Kendall, E. B. 
Ludlam, H. Gordon Rule, A. Mackie. 

MoELwyn-HuGuHEs, EmMyr Aun, Trinity College, Oxford. Welsh. Lecturer of Trinity 
College. Demonstrator in Physical Chemistry at the Balliol Trinity Laboratory (University of 
Oxford). Ph.D., B.Sc. (Liverpool), D.Phil. (Oxon.), A.I.C. Research Assistant to C. N. 
Hinshelwood, Esq., M.A., F.R.S., Lecturer in Chemical Dynamics at the University of Oxford ; 
formerly Research Assistant to W. C. M. Lewis, M.A., D.Sc., F.R.S., Brunner Professor of 
Physical Chemistry at the University of Liverpool. Tyvans. Faraday Soc., 1928, 24, 309, 321; 
1929, 25, 81, 435, 503. Journal of General Physiology, 1930, 13, 317, 807; (with W. C. M. Lewis 
and J. Pace), 323. Proceedings of the Royal Society, A (with C. N. Hinshelwood), 1931, 131, 177, 
186; 1932, 138, 311; (with C. N. Hinshelwood and E. J. Bowen), 1931, 134, 211. Chemical 
Reviews, 1932, 10, 241. Phil. Mag., 1932, 14,112. Ergebnisse der Enzymforschung, 1932, 2, 1. 
J.C.S., 1932, 95; with C. N. Hinshelwood, 1932, 230; with A. C. Rolfe, 1932, 241. (Signed by) 
N. V. Sidgwick, C. N. Hinshelwood, Robert Robinson. 

MORLEY, JOHN FREDERICK, 3, Whitby Road, South Harrow, Middlesex. British. Research 
Chemist. B.Sc., A.R.C.S., Ph.D., D.I.C., Royal College of Science, London, 1929-1931. Re- 
search under Professor J. F. Thorpe, F.R.S., on ‘“‘ The Specific Oxidation of Organic Compounds : 
Ketones,’’ for which the degree of Ph.D. was awarded in 1932. At present a research chemist 
to Manbré and Garton, Ltd., Hammersmith. ‘‘ Selenium Dioxide, a New Oxidising Agent, Part 
I,” J.C.S., June, 1932, by H. L. Riley, J. F. Morley, and N. A.C. Friend. (Signed by) A. C. C. 
Newman, H. J. T. Ellingham, R. H. Purcell. 

Morton, FRANK, 86, Oaktree Lane, Selly Oak, Birmingham. British. Biochemist. B.Sc. 
(London). Engaged in biochemical investigations applied to clinical medicine. General 
Hospital and Selly Oak Hospital, Birmingham. (Signed by) Garfield Thomas, E. B. Naylor, 
J. N. Friend. 

NEVILLE, GEORGE Harry JAMES, 14, Leys Avenue, Cambridge. English. Research 
Student. B.A.,Cambridge. Ist Class Natural Sciences Tripos, Part I (1930); Ist Class Natural 
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Sciences Tripos, Part II, Chemistry (1931). (Signed by) T. M. Lowry, R. G. W. Norrish, J. 
G. A. Griffiths. 

NortH, STANLEY KENNEDY, 31, Ladbroke Grove, W.11. English. Preservation of Old 
Masters. Desirous of using the Library. (Signed by) Alexander Scott, R. Robertson, H. J. 
Plenderleith. 

PANJABI, JAWHER LALCHAND, 21, Rosslyn Hill, Hampstead, N.W.3. British Indian. 
Student. B.Sc. (Bombay). At present doing research work in Organic Chemistry at the 
Imperial College of Science and Technology. (Signed by) R. P. Linstead, E. H. Farmer, R. S. 
Thakur. 

PRITCHARD, GORDON JAMES, 14, Craven Hill Gdns., Leinster Terrace, Lancaster Gate, W. 2. 
British. B.Sc. (Hons.) London. Research Student with Prof. C. K. Ingold, F.R.S. (Signed 
by) C. K. Ingold, E. D. Hughes, H. Anantakrishnan. 

PuGu, WILLIAM, Chemistry Dept., University of Capetown, Rondebosch, S. Africa. British. 
Lecturer in Inorganic and Applied Chemistry. B.Sc., London (1921); Ph.D., Capetown (1924) ; 
F.I.C. Lecturer (at the University of Capetown) in Chemistry, continuously since 1922. 
Original research includes a number of investigations into the chemistry of germanium, influence 
of fluorides on permanganate reduction, etc. J.C.S., 1924, 125, 816; 1926 (1051 and 2828) ; 
1929 (1537, 1994, 2540); 1930 (2369); 1931 (60); Tvans. Roy. Soc. (South Africa), 1931, 20, 93; 
1932, 20, 327. (Signed by) E. Newbery, J. Smeath Thomas, L. N. Cohen. 

RaIson, CLIFFORD GORDON, 3, Dunollie Road, Tufnell Park, N.W. 5. British. Student at 
University College, London. Date of birth 10th Feb., 1914. (Signed by) R. J. W. Le Feévre, 
Henry Terrey, J. Pearson. 

Ray, WILLIAM Joun, 59, Portland Road, Rugby, Warwickshire. British. Senior Science 
Master, Lawrence Sheriff School, Rugby. B.Sc. (London, 1921, Ist Class Honours in Chemistry), 
A.R.C.S. (1921, lst Class, Chemistry). Student at Royal College of Science, 1919-1921. Science 
Master at Lawrence Sheriff School, Rugby, since 1922, being appointed Senior Science Master 
in 1924. (Signed by) H. B. Baker, James C. Philip, M. A. Whiteley. 

RiGcBy, GEORGE REGINALD, 90, Campbell Road, Stoke-on-Trent, Staffordshire. British. 
Research Assistant, British Refractories Research Assoc. Ph.D., B.Sc., A.R.C.S., D.I.C. 
Student at Royal College of Science from 1928 to 1932. From 1930 to 1932 engaged in research 
in Physical Chemistry and results incorporated in a thesis as yet unpublished. (Signed by) H. V. 
Thompson, F. H. Clews, James C. Philip. 

RITTER, JOHN JosEPH, 92, Glen Road, Yonkers, New York, U.S.A. American (born in the 
United States). Associate Professor of Chemistry, Washington Square College, New York 
University (29, Washington Place, New York). B.S., New York University, 1917; M.A., 
Columbia University, 1922; Ph.D., Columbia University, New York. Instructor in Chemistry, 
Stevens Institute of Technology, New Jersey, U.S.A., 1920-21. Washington Square College, 
New York University, N.Y. Instructor, 1922-26; Assistant Professor, 1926-29; Associate 
Professor, 1929 to date. Various papers in the J. Amer. Chem. Soc. (Signed by) W. C. 
MacTavish, R. Keith Cannan, James Kendall. 

RoBErts, Eric ARTHUR HouGuTon, 35/IIlks Kaulbachstrasse, Miinchen, Germany. Eng- 
lish. Research Student. B.A., B.Sc. (Oxon.). Research as yet unpublished under Professor 
Robinson on the ‘‘ Copigment Effect of Anthocyanins.” (Signed by) Malcolm Crawford, T. W. J. 
Taylor, S. G. P. Plant, F. E. King, R. Robinson. 

RosNEY, WILLIAM CHARLES VicToR, 44, Moss Lane, Walton, Liverpool. British. Technical 
Assistant to W. P. Thompson & Co., Patent Agents. B.Sc. (Liverpool) 1920, Ph.D. (Liverpool), 
1922. (With R. A. Morton) “‘ Absorption Spectra and Tautomerism, (1) Keto Enol Tauto- 
merism,’’ ].C.S., 1926, 706-13. (Signed by) E. C. C. Baly, R. O. Griffith, I. M. Heilbron, John 
D. Johnson. 

Sams, KENNETH, 36, Fernhurst Road, Fulham, S.W.6. English. Student. A.R.C.S. 
(London). Research Student. (Signed by) Jocelyn Thorpe, G. A. R. Kon, R. P. Linstead. 

Scott, ALAN Da.ton, Hill Cottage, Harvey Lane, Norwich (London address, during Term : 
The Penn Club, 9, Tavistock Square, W.C. 1). British. Student at University College, London. 
Date of birth 23rd Jan., 1914. (Signed by) R. J. W. Le Févre, Henry Terrey, L. F. Gilbert. 

SHANNON, ABRAHAM, New College, Oxford. British. Research Student in Organic Chemis- 
try. B.A. (Hons.) Oxford. (Signed by) Wilson Baker, Arthur D. Ainley, S. G. P. Plant. 

SIMPSON, JAMES CHARLES EDWARD, 27, Seabank Road, Wallasey, Cheshire. British. 
Research Chemist. B.Sc., Ph.D. (Liverpool University). At present engaged on fourth year 
of research work on a study of ergosterol. Four papers published in J.C.S., 1932, 268, 1699, 
1710, 2400. (Signed by) I. M. Heilbron, E. C. C. Baly, R. A. Morton, Wm. Doran. 
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STAUDINGEN, HERMANN, Goethestrasse 4, Freiburg i. Br., Germany. German. Professor 
of Chemistry in the University of Freiburgi. Br. (Signed by) W. J. Pope, T. M. Lowry, Eric K. 
Rideal, W. H. Mills. 

STEEL, JAMES KING, c/o J. & P. Coats, Ltd., Chemical Section, 155, St. Vincent Street, 
Glasgow, C.2. British. Chemist. B.Sc. (Glas.), A.I.C., A.R.T.C. ‘ Reduction of Nitro- 
naphthalene, Part I, Reduction of «-Nitronaphthalene,” J.C.S., 1923, 2464. (Demonstrator in 
Chemistry, Royal Technical College, 1921-1924.) Chief Chemist, Research Laboratories, J. & 
P. Coats, Ltd. (Signed by) W. M. Cumming, R. M. Caven, F. J. Wilson. 

WALLACE, JAMES, 12, St. Mark’s Terrace, Mansfield, Notts. British. Research Student. 
B.A. (Cantab.). (Signed by) R. G. W. Norrish, Eric K. Rideal, T. M. Lowry. 

WREN, RICHARD WILLIAM, 12, Drake Road, Westcliff-on-Sea, Essex. British. Manu- 
facturing Chemist. Chemist and Druggist. To obtain the Society’s publications and use the 
library. Applicant is a director of a firm employing two Fellows of the Chemical Society and 
is engaged in the control of the manufacture of chemicals. (Signed by) Leslie J. Walker, Wilfred 
H. Linnell, W. A. N. Markwell, T. E. Wallis. 


Forms of Recommendation for Fellowship accepted by the Council under Bye- 
Law I (2). 


Davis, TENNEY L., Massachusetts Institute of Technology, Cambridge, Massachusetts, 
U.S.A. United States of America. Associate Professor of Organic Chemistry, Mass. Inst. of 
Technology. B.S. (Mass. Inst. of Tech.), A.M. (Harvard), Ph.D. (Harvard). Publications, 
mostly in J. Amer. Chem. Soc., on the “‘ Urea Dearrangement,’’ Guanidine Series, Alkyl-nitro- 
guanidines, complex metal pyridine cyanates and thiocyanates, oxidation of meta-diphenols, 
nitrations, etc. Publications on history of chemistry, Chinese alchemy, scientific methodology, 
mostly in Isis, Journal of Chemical Education. (Signed by) J. R. Partington. 

NIEUWLAND, JULIUS ARTHUR, C.S.C., Box 123, Notre Dame, Indiana. American. Pro- 
fessor of Organic Chemistry. A.B., Notre Dame; Ph.D., Catholic University of America; 
Sc.D., University of Notre Dame. Numerous papers in J. Amer. Chem. Soc. and in the Proc. 
Ind. Acad. Sci. (Signed by) Thomas Hunt Vaughn. 

RAVENNA, Ciro, Pisa—Laboratorio di chimica agraria del R. Istituto superiore agrario. 
Italiana. Professore ordinario di chimica agraria nel R. Istituto superiore agrario di Pisa. 
Dottore in chimica, presso la R. Universita di Bologna. Autore di circa 80 pubblicazioni 
scientifiche prevalentemente sopra argomenti di chimica vegetale e di chimica organica. Autore 
di due trattati: ‘‘ Chimica vegetale ”’ e ‘‘ Manuale di analisi chimica agraria e bromatologica.” 
(Signed by) Luigi Mascarelli, Ernesto Denina. 

RIMARSKI, DR. WALTHER, Berlin-Halensee, Nestovstrasse No. 11. Preussen (Deutschland). 
Chemiker. Doktor der Philosophie. Direktor der Chemisch-Technischen Reichsanstalt. 
Autor zahlreiche wissenschaftlicher Arbeiten auf chemisch-technischem Gebiete besonders auf 
dem Gebiete der technischen Gase und der Schweisstechnik. (Signed by) Fr. Lenze. 

WRIGHT, ROBERT HAMILTON, 379, Regent Street, Fredericton, N.B., Canada. Canadian 
(British). Assistant Professor of Chemistry, University of New Brunswick. B.A. (Honours, 
Chemistry and Physics) Univ. of British Columbia, 1928; M.Sc. and Ph.D. (Physical Chemistry), 
McGill Univ. 1930, 1931. Assist. Prof., U.N.B., 1931 to date. Technical Development in 
Neon Signs, 1930. ‘‘ Effect of Adsorbed Gas on the Contact Resistance of Carbon,” Trans. 
Amer. Electrochem. Soc., 1928, Vol. LIV. (with M. J. Marshall); ‘‘ Vapor Density of Hydrogen 
Sulphide,” Canad. J. Res., 1931, 5, 442-447; ‘‘ Solubility of H,S in Water from Vapor Pressures 
of Solutions,” ibid., 1932, 6, 94-101; ‘‘ Electrical Conductivity of Aqueous Solutions of H,S 
and the State of the Dissolved Gas,” ibid., 1932, 6, 588-595 (with O. Maass). (Signed by) G. S. 
Whitby. 

ZEE, Tsou-Wu, University of Shanghai, China. Chinese. Teaching. B.Sc., Soochow 
University; M.A., Soochow University; Ph.D., University of Chicago. Professor of Organic 
Chemistry, University of Shanghai (China). Author: ‘‘ A New Method of Preparation of 
Phenylethylmalonic Methyl Ester,” J. Amer. Chem. Soc., 1927, 49, 541; ‘‘ Sodium Salts of 
Aromatic Nitriles,” ibid., 1928, 50, 1699. (Signed by) H. C. Tsao. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


British DruG Houses. Guide to the B.P. 1932. London 1932. pp. xvi + 122. 
(Reference.) 2s. 6d. net. From the Director. 
HANNAH Darry RESEARCH INSTITUTE. 2nd and 3rd Annual Reports (combined), for 
the two years ending 3lst March 1932. Kirkhill 1932. pp. 16. ill. (Reference.) 
Bulletin No. 3. The properties of milk in relation to the condensing and drying 
of whole milk, separated milk, and whey. A review of existing knowledge. By LESLIE 
ALFRED ALLEN. Kirkhill 1932. pp. 160. ill. (Reference.) 4s. 6d. net. 

—— Bulletin No. 4. The engineering aspects of the condensing and drying of milk. 
By ALEXANDER WHITEFORD Scott. Kirkhill 1932. pp. 120. ill. (Reference.) 4s. 6d. 
net. From the Director. 

LecaT, Maurice. L’azéotropisme. La tension de vapeur des mélanges de liquides. 
Bibliographie. Bruxelles 1932. pp. viii + 135. (Reference.) 12 belgas. 

From the Faraday Society. 

NIERENSTEIN, MAXIMILIAN. Incunabula of tannin chemistry. A collection of some 
early papers on the chemistry of the tannins reproduced in facsimile and published with 
annotations. London 1932. pp. viii + 167. 12s. 6d. net. (Recd. 15/12/32.) 

NUTRITION ABSTRACTS AND REviEws. Vol. I., etc. Aberdeen 1931 +. (Reference.) 
21s. per annum. From the Bureau of Chemical Abstracts. 

TROTMAN, SAMUEL RUSSELL, and TROTMAN,-EDWARD RussELL. Textile analysis. 
London 1932. pp. vi + 302. ill. 21s. net. (Recd. 15/12/32.) 

ZECHMEISTER, LADISLAUS. Carotinoide héherer Pflanzen (Polyen—Farbstoffe). (From 


the Handbuch der Pflanzenanalyse.) Wien 1932. pp. [112]. ill. (Recd. 19/12/32.) 
From the Author. 


II. By Purchase. 


BANCROFT, WILDER Dwicut. Applied colloid chemistry: general theory. 3rd 
edition. New York 1932. pp. x + 544. ill. $4. (Recd. 4/1/33.) 

Dana, Epwarp SAtispury. A textbook of mineralogy, with an extended treatise on 
crystallography and physical mineralogy. 4th edition. By WILLIAM EBENEZER Forb. 
New York 1932. pp. xii-+ 852. ill. $5.50. (Recd. 13/1/33.) 

EGGERT, JoHN. Physical chemistry. Translated by SIDNEY JOHN GreGG. London 
1932. pp. xii + 632. ill. 24s. net. (Recd. 15/12/32.) 

Marek, L. F., and Haun, Dorotuy A. The catalytic oxidation of organic com- 
pounds in the vapor phase. (American Chemical Society Monograph Series.) New 
York 1932. pp. 486. ill. $9. (Recd. 4/1/33.) 

OLSEN, JOHN CHARLES, [and others]. Unit processes and principles of chemical 
engineering. [New York] 1932. pp. xiv + 558. ill. $5 net. (Recd. 15/12/32.) 

PARKS, GEORGE SuTTON, and HuFFMAN, HuGH Martin. The free energies of 
some organic compounds. (American Chemical Society Monograph Series.) New York 
1932. pp. 251. ill. $4.50. (Recd. 4/1/33.) 

PouCcHER, WILLIAM ARTHUR. Perfumes, cosmetics and soaps, with especial reference 
to synthetics. 4th edition. Vol. Il. London 1932. pp. xvi-+ 600. ill. 30s. net. 
(Recd. 4/1/33.) 

VAN VLECK, J. H. The theory of electric and magnetic susceptibilities. Oxford 
1932. pp. xii + 384. ill. 30s. net. (Recd. 4/1/33.) 


III. Pamphlets. 


AIYAR, S. PARAMESWARA. A titration method for determining the total and exchange- 
able bases in soils. (From the Indian J. Agric. Sci., 1932, 2.) 

ALLEN, LESLIE ALFRED. The mineral constituents and citric acid content of milk. 
(From the J. Dairy Research, 1931, 3.) ill. 
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IMPERIAL INsTITUTE. The Mineral Industry of the British Empire and Foreign 
Countries. Borates. 2nd edition 1920—1932. London 1933. pp. 44. 

INDIAN Lac RESEARCH INSTITUTE. Bulletin No. 10. The influence of orpiment in 
shellac on the protective properties of the varnish. By M. RANGASWAMI. Ranchi 1932. 

ot 
r INSTITUTE OF CHEMISTRY OF GREAT BRITAIN AND IRELAND. Two lectures on the 
nature of simple molecules and of elementary processes. By ARTHUR JOHN ALLMAND. 
London 1932. pp. 57. ill. 

Rubber. By WILLIAM ARTHUR WILLIAMS. Streatfield Memorial Lecture, 1932. 
London 1933. pp. 23. 

SCIENTIFIC AND INDUSTRIAL RESEARCH, Department of. Report of further tests .. . 
on the Turner retort installed at the works of the Comac Oil Co., Ltd., Coalburn, 
Lanarkshire. London 1932. pp. viii + 35. ill. 

SHINODA, JuNzo, Sato, D., and Kawacoye, M. Uber Paonol-derivate und einen 
Fall von Bromverschiebung. (From the J. Pharm. Soc. Japan, 1932, 52.) [In Japanese. 
German summary. ] 

WricuT, NorMaN C., and Papisu, Jacos. The inorganic constituents of milk. (From 
Science, 1929, 69.) 
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FORTHCOMING MEETINGS OF THE SOCIETY. 


Thursday, February 2nd, 1933, at 8 p.m. 





Ordinary Scientific Meeting, at which the following papers will be read : 
‘* Tricarbocyanines.” By (Miss) N. I. FISHER and (Miss) F. M. HAMER. 
“The configurations of the aldoximes from measurements of electric dipole moment.” 
By T. W. J. TAYLor and L. E. Sutton. 
“Primary photochemical processes. Part II. The absorption spectrum and photo- 
chemical decomposition of diazomethane.” By F. W. KirKBRIDE and R. G. W. 


NorrIsH. 
“ A mode of studying nitration.” By J. A. HETHERINGTON and I. Masson. 


Thursday, February 16th, 1933, at 8 p.m. 





Discussion on “The Raman Effect in Relation to some Chemical Problems,”’ to be 
opened by Dr. J. J. Fox, O.B.E. 


Thursday, March 2nd, at 8 p.m. 





Ordinary Scientific Meeting. 


Thursday, March 16th, at 8 p.m. 





Discussion on “‘ The Chemical Constitution of Estrin,” to be opened by Dr. G. F. 
Marrian. 


Wednesday, March 29th, at 5.30 p.m. 





*The Fifteenth Faraday Lecture, entitled ‘‘ The Relations between Stereochemistry 
and Physics,”’ by Professor Dr. P. Debye, in the Lecture Theatre of the Royal Institution, 
Albemarle Street, W. 1. 


Thursday, March 30th. 





*Annual General Meeting at 4 p.m. 
*Anniversary Dinner at Grosvenor House, Park Lane, W. 1, at 7 for 7.30 p.m. 


* A further announcement will be made. 








_—™ 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extra Meeting held in the Chemistry Lecture Theatre of the University of Liverpool 
on Friday, 27th January, 1933, at 6 p.m. 

In the absence of the President, the Chair was taken by Professor E. C. C. Baty, 
C.B.E., F.R.S. 

The CHAIRMAN welcomed the visitors present, amongst whom were the Vice-Chancellor 
(Dr. H. J. W. Hetherington), Dr. H. R. Rathbone, Professor W. H. Roberts, and Pro- 
fessor L. R. Wilberforce, and stated that Sir Max Muspratt had written expressing regret 
that he could not be present. 

The Chairman then called upon Professor F. G. Donnan to deliver the Ostwald Memorial 
Lecture. At the conclusion, a vote of thanks to the Lecturer, proposed by Professor 
W. C. McC. Lewis and seconded by Professor C. S. Gibson, was carried with acclamation, 
Professor Donnan making acknowledgment. 





Ordinary Scientific Meeting, Thursday, February 2nd, 1933, at 8 p.m., Professor J. C. 
Pup, O.B.E., D.Sc., F.R.S., in the Chair. 

The CHAIRMAN referred to the loss sustained by the Society, through death on 
January 18th, 1933, of Dr. John Thomas, who was elected a Fellow on June 20th, 1918. 

Messrs. John A. Hetherington, Ralph J. Wilkins, and Henry W. Headland were 
formally admitted Fellows of the Chemical Society. 

Forms of Recommendation for Fellowship were read for the first time in favour of : 


John Harold Andrew, Prof., D.Sc., Torwood, 29, Endcliffe Grove Avenue, Sheffield. 

Max Bergmann, Prof., Wielandstrasse 2, Dresden. 

William Charles Bickley, B.A., 20, Station Road, Pelsall, Walsall. 

Robert Gillies Muir Dakers, B.Sc., F.I.C., 59, Spottiswoode Street, Edinburgh. 

Alan Conrad Griineberg, 18, Grove Avenue, Muswell Hill, N. 10. 

Roger Christopher Murray, B.Sc., 65, Westbourne Terrace, W. 2. 

Maurice Arthur Harold Rogers, B.Sc., 18, Guilford Street, W.C. 1. 

Oden Elbridge Sheppard, Prof., A.M., Ph.D., Montana State College, Bozeman, Montana, U.S.A. 


The following papers were read : 


“ Tricarbocyanines.” By (Miss) N. I. FisHER and (Miss) F. M. HAMER. 

“The configurations of the aldoximes from measurements of electric dipole moment.” 
By T. W. J. TAyLor and L. E. SuTTON. 

“ A mode of studying nitration.” By J. A. HETHERINGTON and I. Masson. 

‘Primary photochemical processes. Part II. The absorption spectrum and photo- 
chemical decomposition of diazomethane.” By F. W. KirKBRIDE and R. G. W. 


NORRISH. 





Ordinary Scientific Meeting, Thursday, February 16th, 1933, at 8 p.m., Professor 
G. G. HENDERSON, M.A., D.Sc., F.R.S., President, in the Chair. 
The PRESIDENT referred to the loss sustained by the Society, through death, of the 


following Fellows : 


Elected. Died. 
POM. GRUBER oi cevesscncesccssnesscesess Mar. 4th, 1875. Jan. 12th, 1933. 
BP . MORES BERGUED. 0605 .ccsccceccccesssecsecesen Feb. 7th, 1878. Feb. Ist, 1933. 
FOR WEED vnsccccnccsvccvccsccccsscscscceccoes Feb. Ist, 1872. Feb. 9th, 1933. 


H. Marshall Webb ........ccccccccccccesecees Dec. 5th, 1918. Jan. 22nd, 1933. 








Messrs. John MacArthur, M. Stacey, and Ronald B. Mooney were formally admitted 


Fellows of the Chemical Society. 


Forms of Recommendation were read for the first time in favour of : 


Stanley Astin, B.Sc., A.R.C.S., 39, Osborne Avenue, Newcastle-on-Tyne. 

Caleb Binns, 3, Oxford Villas, Guiseley, near Leeds. 

Roderick Langton Douglas, B.A., B.Sc., c/o T. J. Smith & Nephew, Ltd., Neptune Street, Hull. 
Andrew Henderson, M.A., B.Sc., 3, Vennel Street, Dalry, Ayrshire 

Izrael Hieger, B.Sc., 80, Hilltop, Hampstead Garden Suburb, N.W. 11. 


Arthur Henry Hughes, B.A., Trinity 


all, Cambridge. 


Dorothy Jordan Lloyd, M.A., D.Sc., 30, Cecil Court, Fawcett Street, S.W. 10. 

Walter Penman McCulloch, B.Sc., 27, Essex Drive, Glasgow, W. 4. 

Ralph John Basil Marsden, M.Sc., New College, Oxford. 

William Stewart Patterson, Ph.D., M.Sc., F.1.C., 16, Holmlands Park (North), Sunderland. 
Harold Raistrick, Prof., Sc.D., D.Sc., 17, Long Grove Road, Seer Green, Beaconsfield. 

Eric Maurice Stoddard, B.Sc., 15, Powell Street, West Hartlepool. 


The following form of recommendation has been accepted by the Council under Bye- 


Law I (2): 


Hakon Lund, Prof., The University, Copenhagen. 
Dr. G. A. R. Kon and Dr. E. E. Turner were elected Scrutators, and a ballot for the 
election of Fellows was held. The following were subsequently declared elected as Fellows: 


Mitizo Asano. 

Lancelot Salisbury Bagster, D.Sc. 

Antonio Garcia Bants, D.Sc. 

Samuel Francis Boys, B.Sc., A.R.C.S. 

Leonard Francis Broadway, B.Sc., Ph.D. 

Geoffrey Broughton, B.Sc. 

William Gunn Burrell, M.A. 

Benjamin Collie, B.Sc. 

Arthur Herbert Cook, A.R.C.S. 

David Mark Cowan, B.Sc., A.R.C.S 

Eric George Cowley, B.Sc. 

John Stanley Herbert Davies, 
M.Sc.Tech., Ph.D. 

Tenney L. Davis, B.S., A.M., Ph.D. 

Gilbert Dodd. 

James Francis Dunworth, B.Sc.Tech. 

Wilfred James Cecil Dyke, B.Sc., Ph.D. 

John Owen Edwards, B.Sc. 

James Rawlings Elliott. 

Kenneth Kershaw Etchells, M.Sc., A.I.C. 

Samuel Evans, M.Sc. 

Donald Faulkner. 

Eli Finklestone. 

Alexander Oscar Gettler, M.A., Ph.D. 

Subimal Chandra Ghosal, M.Sc. 

John Leslie Gleave. 

John Grindley, B.Sc., Ph.D., A.I.C. 

Robert Ernest Victor Hampson, D.Sc. 

Sidney Frank Haydon. 

Max Hutchinson Hey, B.A., B.Sc. 

Archie Hickling, M.Sc. 

Leslie Alfred Hughes, B.Sc., A.R.C.S. 

John William Ingham, M.Sc., F.I.C. 

Takeo Ishiguro, 

Kathleen Olive Patricia Jackson, B.Sc. 

Maurice Bevan Jarman, M.A., B.Sc. 

Joseph Cleaver Jordan. 

Andreas Klit. 

John George Knight, B.Sc. 


B.A., 


John Charles Lawson, B.A. 
Robert Henry Leach. 

John Edward Lennard-Jones, D.Sc., Ph.D. 
Harold Lowe, M.Sc., F.I.C. 
Andrew McLean, B.Sc., Ph.D. 
Stanley Reginald William 


Martin, B.Sc, 


A.R.C.S. 
Harry Work Melville, B.Sc., Ph.D. 
Emyr Alun Moelwyn-Hughes, B.Sc., Ph.D., 
D.Phil., A.I.C. 
<x Frederick Morley, B.Sc., Ph.D., A.R.C.S., 
L.C 


Frank Morton, B.Sc. 

George Harry James Neville, B.A. 

Julius Arthur Nieuwland, A.B., Ph.D., Sc.D. 

Stanley Kennedy North. 

Jawher Lalchand Panjabi, B.Sc. 

Gordon James Pritchard, B.Sc. 

William Pugh, B.Sc., Ph.D., F.I.C. 

Clifford Gordon Raison. 

Ciro Ravenna. 

William John Ray, B.Sc., A.R.C.S. 

George Reginald Rigby, B.Sc., Ph.D., A.R.C.S., 
D.L.C 


Walther Rimarski, Ph.D. 

John Joseph Ritter, B.S., M.A., Ph.D. 

Eric Arthur Houghton Roberts, B.A., B.Sc. 
William Charles Victor Rosney, B.Sc., Ph.D. 
Kenneth Sams, A.R.C.S. 

Alan Dalton Scott. 

Abraham Shannon, B.A. 

James Charles Edward Simpson, B.Sc., Ph.D. 
Hermann Staudinger. 

James King Steel, B.Sc., A.I.C. 

James Wallace, B.A. 

Richard William Wren. 

Robert Hamilton Wright, B.A., M.Sc., Ph.D. 
Tsoh-Wu Zee, B.Sc., M.A., Ph.D. 


A Discussion on ‘‘ The Raman Effect in Relation to some Chemical Problems ’”’ was 
opened by Dr. J. J. Fox, and continued by Sir Robert Robertson, Prof. W. E. Garner, 
Prof. T. M. Lowry, Mr. C. R. Bailey, Dr. C. P. Snow, Dr. H. J. Emeléus, and Mr. 


W. F. K. Wynne-Jones. 
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List of Papers, or Abstracts thereof, received between January 19th, 1933 and 
February 16th, 1933. (This List does not include the titles of papers which have been 
read at an Ordinary Scientific Meeting, or which have appeared in the Journal.) 


“Constitutional factors controlling prototropic changes in carbonyl compounds. Part 
III. The prototropy of some nuclear-substituted acetophenones.” By H. B. 
Watson and W. S. NATHAN. 

“Constitutional factors controlling prototropic changes in carbonyl compounds. Part 
IV. Carbethoxyl and allied groups.” By H. B. Watson and E. D. YATEs. 

“ 4-Nitro-5-(8-pyridyl)-glyoxaline, an oxidation product of nicotine.” By H. Lunp. 

“ Freezing points of solutions of nitrobenzene in benzene and cyclohexane, and their 
relations to the electrical polarisation.”” By L. G. Davy and N. V. SipGwick. 
“The mobility of groups containing a sulphur atom. Part II.” By D. W. Cowle and 

D. T. GIBSON. 

“Liquidus and solidus studies. Part III. The ternary system Ba(NO3),, Ca(NOs)o, 
and KNO,.” By K. LAysBourn and W. M. MApeIn. 

“Preparation and some reactions of 3: 5-dinitrobenzaldehyde.” By H. H. Hopcson 
and E. W. SMITH. 

“Selenium dioxide, a new oxidising agent. Part III. Its reaction with some alcohols 
and esters.” By S. Astin, A. C. C. NEwman, and H. L. RILEy. 

‘“ Synthetical experiments in the zsoflavone group. Part VII. Synthesis of daidzein.”’ 
By W. Baker, R. Roprnson, and N. M. Simpson. 

“Attempts to prepare derivatives of 1 : 2-dihydrossoquinoline. New interpretation of 
J. S. Buck’s experiments on the synthesis of so-called 1 : 2-dihydropapaverine.” By 
P. C. YounG and R. RoBInson. 

“ The nitration of «- and @-naphthols.”” By F. BELL. 

“A safety attachment for electrically heated water-baths and stills.” By C. W. GiBpy. 

“An improved qualitative separation of the iron group in the presence of phosphate.” 
By T. B. SMITH. 

“ Bisulphate ion catalysis in the hydrolysis of esters.” By H. M. Dawson, E. R. Pycock, 
and E. SPIVEY. 

“ Anthoxanthins. Part XIV. w-Hydroxyphloracetophenone and certain derivatives. 
Synthesis of galangin under milder conditions than heretofore.””’ By J. J. CHAVAN 
and R. RoBInson. 

“A synthesis of pyrylium salts of anthocyanidin type. Part XX. Morinidin chloride. 
Observations on cyanomaclurin.” By E. H. CHARLESworTH, J. J. CHAVIN, and R. 
ROBINSON. 

‘ The nitration of chalkone.”’ By R. J. W. LE FEvre, P. J. MARKHAM, and J. PEARSON. 

“ The determination of the vapour pressures of amalgams by a dynamic method.” By 
J. S. PEDDER and S.. BARRATT. 

“ The behaviour of surface films of unsaturated compounds.” By A. H. HUGHEs. 

‘“Synthetical experiments in the isoflavone group. Part VIII. Limitations of the 
phenacyl aryl ether cyanohydrin method.” By W. Baker, W. M. Morcans, and 
R. ROBINSON. 

‘ The action of bromine upon nitrophenylazoacetates and related compounds.” By F. D. 
CuHaTTAWAy and D. R. ASHWORTH. 

“ Resolution of co-ordinated inorganic compounds into optical isomerides. Part I. Re- 
solution of tri-ethylene diamino-zinc chloride, bromide, iodide, and sulphate.”” By 
P. NEoGI and G. K. MUKHERJI. 

“ Additive compounds of pyridine.” By S. S. Josut. 

“The complex metallic salts of sulphamide: an optically active inorganic salt.” By 
F. G. MANN. 

“Chemical applications of the polarising microscope.” By N. H. HARTSHORNE. 

“Studies in dielectric polarisation. Part VI. Benzene solutions of ethyl and benzyl 
hyponitrites and s-methyl sulphite, dioxan solutions of nitramide; parachors of 
methyl, ethyl, and »-butyl hyponitrites. Part VII. Benzene solutions of nitro- 
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methane, nitroethane, and vw-nitrobutane.” By E. C. E. Hunter and 
J. R. PARTINGTON. 

“‘ The isolation of a cancer-producing hydrocarbon from coal tar. Part I. Concentration 
of the active substance.” By I. HIEGER. 

“ The isolation of a cancer-producing hydrocarbon from coal tar. Part II. Isolation of 
1: 2- and 4: 5-benzpyrenes, perylene, and 1 : 2-benzanthracene.” By J. W. Cook, 
C. L. Hewett, and I. HIEGER. 

“ The isolation of a cancer-producing hydrocarbon from coal tar. Part III. Synthesis 
of 1: 2- and 4: 5-benzpyrenes.”” By J. W. Cook and C. L. HEWETT. 

“Studies in the mechanism of flame movement. Part III. The speed of flame in 
currents of mixtures of methane and air.” By H. F. Cowarp and E. H. M. 
GEORGESON. 

“Organic compounds of boron.” By T. THomson and T. S. STEVENs. 

“‘ Reduction of «-amino-nitriles.” By W. M’MEEKING and T. S. STEVENs. 

“Preliminary synthetic experiments in the morphine group. Part V. Completion of 
the synthesis of a laudanosoline dimethyl ether related to sinomenine.”” By R. 
ROBINSON and S. SUGASAWA. 

“Investigations of the olefinic acids. Part VII. The preparation of Py-acids.” By 
R. P. LInsTeEAD, E. G. NoBLE, and (in part) E. J. BoorMAN. 

“ Investigations of the olefinic acids. Part VIII. Dissociation constants.’”’ By D. J. G. 
Ives, R. P. LINsTEAD, and H. L. RILeEy. 

“Investigations of the olefinic acids. Part IX. Lactonisation and allied additive 
reactions. Part II. The addition of hydrogen bromide to unsaturated acids.” 
By E. J. Boorman, R. P. LINSTEAD, and H. N. Rypon. 

“Investigations of the olefinic acids. Part X. Lactonisation and allied additive 
reactions. Part III. The formation of lactones from «$- and fy-n-butenoic and 
pentenoic acids.” By E. J. BoorMAN and R. P. LINSTEAD. 

“Investigations of the olefinic acids. Part XI. Lactonisation and allied additive 
reactions. Part IV. The formation of lactones from some y8-acids and an example 
of ring-chain (lacto-enoic) tautomerism.’’ By R. P. LINSTEAD and H. N. Rypon. 

“The catalytic decomposition of nitroso-f-alkylaminoketones. Part I. A new method 
of preparing diazomethane and evidence of the occurrence of diazotisation in the 
aliphatic series.” By E. C. S. Jones and J. KENNER. 

‘“‘ The action of halogens on polycyclic indole derivatives. Part III.” By S.G. P. Plant 
and (Miss) M. L. ToMLINson. 

“‘ The action of chlorosulphonic acid on phenols and #-cresol at low temperatures.” By 
G. N. BURKHARDT. 

“ The determination of copper by the salicylaldoxime method.” By S. AsTIN and H. L. 
RILEY. 

‘‘ The kinetics of reactions in solution. The interaction of potassium hydroxide and the 
alkyl halides in ethyl alcohol.” By G. H. GRANT and C. N. HINSHELWoop. 

“The Reimer-Tiemann reaction.’”’ By D. E. ARMstTrRonG and D. H. RICHARDSON. 

“The action of bromine upon arylazobenzoylacetones.” By F. D. CHatraway and 
R. J. LYE. 

“Studies in solvent action. Part VI. Optical rotatory powers of $-octanol, d-amyl 
alcohol, and their derivatives.”” By H. G. RULE, (Miss) E. B. Smtru, and (in part) 


J. HARROWER. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


ABDERHALDEN, Emit. ([Editor.] Hand- 
buch der _ biologischen Arbeitsmethoden. 
Abt. I, Chemische Methoden. Teil 2, II 
Halfte, Heft 9. Berlin 1933. pp. 3079 to 
3292, xxii. M. 13.50. (Recd. 30/1/33.) From 
the Publishers: Herren Urban & Schwarzen- 
berg. 

CHADWICK, JAMES. Radioactivity and 
radioactive substances. 3rdedition. London 
1932. pp. xii -+ 116. ill. 2s.°6d. net. (Recd. 
24/1/33.) From the Publishers: Sir Isaac 
Pitman & Sons. 

CLARK, GEORGE L. Applied X-rays. 2nd 
edition. New York 1932. pp. xiv + 470. 
ill. 30s. net. (Recd. 17/1/33.) From the 
London Publishers: The McGraw-Hill Pub- 
lishing Co. 

Dor&E, CHARLES. The method of cellulose 
chemistry, including methods for the investig- 
ation of the compound celluloses. London 
1933. pp. x + 500. ill. 21s. net. (Recd. 
13/2/33.) From the Author. 

Farapay Society. The colloid aspects of 
textile materials and related topics: a 
general discussion. London 1932. pp. iv + 
368. ill. 15s. 6d. net. (Recd. 18/1/33.) 
From the Society. 

Hopkin & WIL.LIAMs, Ltp. Organic re- 
agents for metals. London 1933. pp. 61. 
(Reference.) 1s. net. From the Publishers : 
Messrs. Hopkin & Williams. 

Royat Society OF CANADA. Fifty years 
retrospect. Anniversary volume 1882-1932. 
[Ottawa] 1932. pp. xxiv + 180. (Recd. 
23/1/33.) From the Society. 

STEVENS, HENRY POTTER, and STEVENS, 
Witt1AM Henry. Rubber latex. 2nd edi- 
tion. London 1933. pp. 156. ill. (Reed. 
26/1/33.) From the Publishers : The Rubber 
Growers’ Association. 


II. By Purchase. 


Die Metallseifen. 
(Recd. 


Braun, Hans JUvLius. 
Leipzig 1932. pp. viii + 83. M. 8.50. 
18/1/33.) 

GARNER, WALTER. Industrial microscopy : 
a book dealing with the use of the microscope 
and the preparation of specimens. London 
1932. pp. viii + 390. ill. 2ls. net. (Recd. 
16/2/33.) 

GOLDSCHMIDT, STEFAN. 
Leipzig 1933. pp. xiv + 311. ill. 
(Recd. 18/1/33.) 

LipscoMB, ALFRED GEORGE. Cellulose 
acetate: its manufacture and applications. 


Stereochemie. 
M. 29. 


London 1933. pp. xii + 304. ill. 21s. net. 
(Recd. 16/2/33.) 

NEUBURGER, MAXIMILIAN CAMILLO. Krist- 
allchemie der anorganischen Verbindungen. 
(Sammlung, N.F. Heft 17.) Stuttgart 1933. 
pp. 115. ill. 

SCHIEBOLD, ERNST. 
strukturbestimmung mit 
Vol. I. Die Lauemethode. Leipzig 1932. 
pp. xii+ 173. ill. M.13. (Recd. 18/1/33.) 

TRUMPER, Max, and CANTAROW, ABRAHAM. 
Biochemistry in internal medicine. Phila- 
delphia 1932. pp. 454. ill. 27s. 6d. net. 
(Recd. 16/2/33.) 


Methoden der Kristall- 
R6ntgenstrahlen. 


III. Pamphlets. 


Bone, WILLIAM ArtTHUR. Fifty years’ 
experimental research on the influence of 
steam on the combustion of carbonic oxide. 
(From the Usp. Fiz. Nauk., 1932, 12.) [In 
Russian. ] 

Bose, Jyot1 Procasu. A study of the 
distribution of sugar in the blood of diabetic 
and non-diabetic Indian subjects. (From the 
Indian Med. Gaz., 1932, 67.) ; 

COLMAR, ROBERT IRVING, and SCHWARTZ, 
FREDERICK WILLIAM. The absorption spectra 
of the chromium ammine hydrates. (Rens- 
selaer Poly. Inst. Bull., Eng. Sci. Ser. No. 38.) 
Troy 1932. pp. 12. ill. 

DUFRAISSE, CHARLES. Le probléme des 
altérations du caoutchouc par l’oxygéne 
atmosphérique. (From the Rev. Gén. Caout- 
chouc, 1932, 9.) 

IMPERIAL BUREAU OF SOIL SCIENCE. Tech- 
nical Communication No. 25. The Mitscher- 
lich, Wiessman and Neubauer methods of 
determining the nutrient content® of soils. 
By Rospert STEwartT. London 1932. pp. 
46. ill. 

Mrinotfc, STANKO STANKOV. Chemische 
Analyse der Sauerwasser von Slatina Radenci. 
(From the Jub. Fest. 50 Slatina Radenci, 
1932.) 

MINCHIN, ROpDERICK LESLIE HAVILAND. 
The significance of urinary ‘‘ proteose’’ in 
idiopathic epilepsy. (From the Brit. Med. 
J., 1932, ii.) 

MINES DEPARTMENT. Safety in Mines Re- 
search Board. Papers Nos. 75 and 76. Gob- 
fires. Parts I and II. By T. N. Mason and 
F. V. TIDESWELL. London 1933. pp. 30, 19. 
ill. 

RENSSELAER POLYTECHNIC INSTITUTE. 
Description of the laboratories. Troy [1932]. 
pp. 80. ill. 











FORTHCOMING MEETINGS OUTSIDE LONDON. 


Thursday, March 9th, at 7 p.m. 





Extra Meeting in the Chemistry Lecture Theatre, The University, Manchester. A 
lecture entitled ““ How Chemical Reactions Go ”’ will be given by Professor E. K. Rideal, 
M.B.E., D.Sc., F.R.S. Chairman, Professor A. Lapworth, D.Sc., LL.D., F.R.S. 


Friday, May 5th, at 5.15 p.m, 





Extra Meeting arranged jointly with the University College of North Wales (Bangor) 
Chemical Society in the Chemistry Lecture Theatre, Memorial Science Buildings, Bangor. 
A lecture entitled ‘‘ The Chemistry of Gold” will be given by Professor C. S. Gibson, 
O.B.E., M.A., Sc.D., F.R.S. ; 


Friday, May 12th, 4-6 p.m., and 8-10 p.m. 





At the invitation of the Chemistry Department of the University of Leeds, the Society 
has arranged a discussion at Leeds on “‘ Substitution in Aromatic Systems.” Prof. G. T. 
Morgan (President-elect) will preside, and Professor R. Robinson, Professor C. K. Ingold, 
Professor G. M. Bennett, and others will take part. 





FORTHCOMING MEETINGS IN LONDON, 


Thursday, March 2nd, at 8 p.m. 





Ordinary Scientific Meeting, at which the following papers will be read : 


“The complex metallic salts of sulphamide; an optically active inorganic salt.” By 
F. G. MANN. 

“The catalytic decomposition of nitroso-8-alkylaminoketones. Part I. A new method 
of preparing diazomethane, and evidence of the occurrence of diazotisation in the 
aliphatic series.” By E. C. S. Jones and J. KENNER. 

“ Investigations of the olefinic acids. Parts VII-XI.” The polarisability of the double 
bond and its effect on the addition reactions and dissociation constants of un- 
saturated acids. By R. P. LINsTEAD, with E. J. Boorman, D. J. G. IvEs, E. G. 
NosLeE, H. L. RILEy, and H. N. Rypon. 


Thursday, March 16th, at 8 p.m. 





Ordinary Scientific Meeting. A discussion on “‘ The Chemical Constitution of Géstrin ” 
will be opened by Dr. G. F. Marrian. 


Wednesday, March 29th, at 5.30 p.m. 





The Fifteenth Faraday Lecture, entitled ‘“‘ The Relations between Stereochemistry 
and Physics,” will be delivered by Professor Dr. Peter Debye in the Lecture Theatre of 
the Royal Institution, Albemarle Street, W. 1 (by the courtesy of the Managers). 


Thursday, March 30th, at 4 p.m. 





The 92nd Annual General Meeting of the Society. The President will deliver his 
Presidential Address entitled ‘“‘ The Present Position and the Future of the Chemical 
Society.”” Tea will be served at 3.30 p.m. 


At 7 for 7.30 p.m. 





Anniversary Dinner at Grosvenor House, Park Lane, W. 1. 


Thursday, April 6ih, at 8 p.m. 





Ordinary Scientific Meeting. In view of the Priestley Bicentenary on March 13th, 
(24th New Calendar) this meeting will be devoted to the commemoration of Priestley’s life 
and work. Papers will be communicated by Professor A. N. Meldrum, Sir Philip Hartog, 
and Sir Harold Hartley. Further particulars will be announced. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, March 2nd, 1933, at 8 p.m., Professor J. F. 
THORPE, C.B.E., D.Sc., F.R.S., Past-President, in the Chair. 
The CHAIRMAN referred to the loss sustained by the Society, through death, of the 


following Fellows : 
Elected. Died. 


Sir Benjamin Scaife Gott Jan. 17th, 1889. Feb. 26th, 1933. 
Nathaniel Lionel Levy Feb. 17th, 1921. Apr. 7th, 1932. 
Alfred Rée Nov. 18th, 1886. Feb. 26th, 1933. 


The following list of nominations for vacant places on the Council was read from the 
Chair : 

President (1 vacancy): *G. T. MorRGAN. 

Vice-Presidenis, who have filled the office of President (2 vacancies): *G. G. 
HENDERSON and *W. P. WYNNE. 

Vice-Presidents, who have not filled the office of President (2 vacancies): *F. G. 
DonnaN and *C. S. Gipson. 

Honorary Secretaries (2 vacancies): *S. SUGDEN and *J. M. GULLAND. 


Ordinary Members of Council— 
Town Members (i.e. those resident within a radius of 50 miles from Charing ° 
Cross) (3 vacancies) : *J. KENyon, *G. A. R. Kon, and *J. DAVIDSON PRATT. 
Country Members (i.e. those resident beyond a radius of 50 miles from Charing 
Cross) (3 vacancies) : ¢J. E. Coates (Swansea), fH. H. Hopcson (Hudders- 


field), {R. G. W. Norrisu (Cambridge), JE. H. Ropp (Manchester), and 
+R. WHyTLAW-GRay (Leeds). 


* Nominated by Council under Bye-Law VI. 
t+ Nominated by Fellows under Bye-Law VI. 


Dr. P. Haas and Dr. H. Phillips were appointed Scrutators to assist in the counting 
of votes recorded in the election of the Ordinary Members of Council (Country). 


Messrs. Eric G. Cowley, H. J. Tress, S. F. Boys, K. Sams, C. G. Raison, R. H. Leach, 
Alan D. Scott, and L. A. Hughes were formally admitted Fellows of the Society. 


Forms of Recommendation for Fellowship were read for the first time in favour of : 


Neil Campbell, Ph.D., 1, Glengyle Terrace, Edinburgh. 

William Robert Dracass, B.Sc., St. Alphege House, Pocock Street, S.E. 1. 

Oliver Gatty, B.A., Balliol College, Oxford. 

Nathan Goldenberg, 46, Oxford Gardens, N. Kensington, W. 10. 

Arthur David Jones, 10, Oakfield Road, Clapton, E. 5. 

Léo Edmond Marion, M.Sc., Ph.D., National Research Laboratories, Sussex Street, Ottawa. 
Edwin Brew Robinson, M.Sc., 482, Lightbourne Road, New Moston, Manchester. 

Sidney Stephens, A.R.C.S., 38, Oseney Crescent, Kentish Town, N.W. 5. 

Ernest Taylor, M.Sc., A.I.C., Clifton, Station Road, New Longton, near Preston. 

Kenneth Trouern Trend, B.Sc., 6, Swift Street, Fulham, S.W. 6. 


The following papers were read : 


“The complex metallic salts of sulphamide: an optically active inorganic salt.” By 
F. G. MANN. 

“The catalytic decomposition of nitroso-B-alkylaminoketones. Part I. A new method 
of preparing diazomethane, and evidence of the occurrence of diazotisation in the 
aliphatic series.” By E. C. S. Jones and J. KENNER. 
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“Investigations of the olefinic acids. Part VII. The preparation of A?-acids.” By 
R. P. LinsTEaD, E. G. NoBLE, and (in part) E. J. Boorman. “ Part VIII. Dissoci- 
ation constants.” By D. J. G. Ives, R. P. LiINsTEAD, and H. L. Rirey. “ Part IX. 
The addition of hydrogen bromide to unsaturated acids.” By E. J. Boorman, R. P. 
LinsTEAD, and H. N. Rypon. “ Part X. The formation of lactones from A*- and 
A’-n-butenoic and pentenoic acids.” By E. J. BoorMAN and R. P. Linsteap. “ Part 
XI. The formation of lactones from some A’-acids and an example of ring-chain 
(lacto-enoic) tautomerism.”” By R. P. LINsTEAD and H. N. Rypon. 





Ordinary Scientific Meeting, Thursday, March 16th, 1933, at 8 p.m., Professor G. G. 
HENDERSON, M.A., D.Sc., F.R.S., President, in the Chair. 
The PRESIDENT referred to the loss sustained by the Society, through death, of the 


following Fellows : 
Elected. Died. 


SIE SOE, BIR, we cccrcccosenstacssences June 17th, 1920. Mar. 16th, 1931. 
James Ferrier Nov. 16th, 1882. Not known. 
William Fowler Mar. 16th, 1882. do. 

V. V. Sivarama lyer May 5th, 1932. Jan. 6th, 1933. 
Henry Lloyd Snape Mar. 3rd, 1887. Mar. 2nd, 1933. 


The PRESIDENT announced that : 


1. The Union Internationale de Chimie proposes to publish an International Table of 
Thermochemical Data, and asks for publicity to be given to the request of the Secretary 
of the Committee on Thermochemistry (Dr. L. J. P. Keffler, The University, Liverpool) 
for two copies of all papers containing thermochemical data published within the last five 
years to be sent to him by the authors. 

2. A letter had been received from the Institution of Petroleum Technologists inviting 
Fellows of the Chemical Society to become Members of the World Petroleum Congress to 


be held at the Imperial College of Science, South Kensington, S.W. 7, July 19th to 25th, 
1933. Application for membership (fee 10s.) should be made to the Secretary at Aldine 
House, Bedford Street, W.C. 2. 

3. The American Chemical Society had written inviting foreign Chemists to attend the 
86th General Meeting at the Stevens Hotel, Chicago, U.S.A., from September 11th to 15th, 
1933, on the same terms as accorded to Members. 


Miss Thelma Reynolds and Miss Kathleen Culhane were formally admitted Fellows of 
the Society. 


Forms of Recommendation for Fellowship were read for the first time in favour of : 


John Burke, Burton Terrace, Cork. 

Stanley George Foord, B.Sc., 78, Hertford Street, Cambridge. 

Edith Ellen Humphrey, B.Sc., Ph.D., 4, Cumberland Park, Acton, W. 3. 

Elias Isaacs, 68, Rangefield Road, Bromley, Kent. 

George William Kendall, 12, Ashbourne Crescent, Bolton Lane, Bradford. 

William Anthony Kirkby, M.Sc., Ph.D., F.1.C., 26, Hartington Road, Millhouses, Sheffield 7. 
Marcus Nicholas Leathwood, M.Sc., Vailima, Oxford Road, Runcorn, Cheshire. 

Peter John Markham, Elmside, Marlborough Hill, Harrow. 

Max Wyler, Ph.D., Upwood House, Humphrey Street, Crumpsall, Manchester. 


The following forms of Recommendation for Fellowship have been accepted by the 
Council for presentation to ballot under Bye-Law I (2) : 
William Power Charles Clifford, 18, Duckworth Street, Dunedin, New Zealand. 


Otto Kyas, Ing.-Chem., Agricultural Experiment-Institute, Brno, Czechoslovakia. 
Thomas Sherlock Wheeler, Prof., B.Sc., Ph.D., F.I.C., Royal Institute of Science, Bombay,, 


India. 

A Discussion on ‘ The Chemical Constitution of Oestrin”’ was opened by Dr. G. F. 
Marrian and continued by Mr. J. F. Danielli, Dr. J. D. Bernal, Dr. J. W. Cook, Professor 
E. C. Dodds, Dr. H. King, Professor R. Robinson, Mr. E. M. Meade, and Dr. N. K. Adam. 
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Library Telephone Number. 
The telephone number of the Library is Regent 1342, and this number should be used 
for all inquiries relating to the Library. 
Books may now be issued in response to a telephoned request from a Fellow subject to 
subsequent confirmation in writing and to the parcel being posted to an address registered 


with the Society. 





List of papers, or abstracts thereof, received between February 16th, and March 16th, 
1933. (This List does not include the titles of papers which have been read at an 
Ordinary Scientific Meeting, or which have appeared in the Journal.) 


“Usnic acid. Part I. Derivatives of methylphloroglucinol.” By F. H. Curp and A. 
ROBERTSON. 

“Physicochemical studies of complex acids. Part IX. Tantalic acid. Reactions of 
alkali niobate and tantalate solutions with organic acids.” By H, T. S. Britton 
and R. A. RoBINsON. 

“ The nitrosation of methylaniline.” By J. C. Ear and N. F. B. HAL. 

“The preparation of 2’ : 2’’-dimethoxy brilliant green.’”” By W. R. Brown and F. A. Mason. 

“ Styrylpyrylium salts. Part XIV. Further study of the colour phenomenon associated 
with benzonaphtha- and dinaphtha-spivopyran.” By I. M. HEILBRON, R.N. HEsLop, 
and F. IrvING. | 

“Higher aliphatic compounds. Part III. Paraffins.”” By (Miss) P. C. Carey and 
J. C. SMITH. 

“The preparation of aliphatic mercaptans and sulphonic acids of high molecular weight.” 
By G. Corin, T. P. Hitpitcu, P. Marsu, and A. F. McLeop. 

“The synthesis of some homologous naphthalenes.””’ By E. DE B. BARNETT and F. G.. 
SANDERS. 

“ Derivatives of benzaldehyde-f-arsonic acid.”” By C. S. Gipson and B. LEvIN. 

“ The kinetics of the addition of iodine to 8-phenylpropiolic acid.” By E. A. MOELWyN- 
HuGues and A. R. LEGARD. 

“ 4-Nitro-5-(3-pyridyl)pyrazole, a new oxidation product of nicotine. Part III. Con- 
firmatory synthetical experiments.” By G. A. C. GouGH and H. KING. 

“ The Reformatsky reaction on compounds of the ethylene oxide type.” By G. R. CLEMO 
and J. ORMSTON. 

“Structural changes in the selenium dehydrogenation method. Part I. Ring changes 
in spivo-compounds.” By G. R. CLEMO and J. ORMSTON. 

“ The refractive dispersion of eugenol and isoeugenol.’’ By (Miss) G. THOMPsON. 

“ Polymerisation and explosive decomposition of ethylene under pressure.” By G. 
EcuorF and R. E. SCHEAD. 

“ The energetics of catalysis. Part I. The energetic homogeneity of a platinum surface.” 
By E. B. MaxTeEp and G. J. LEwis. 

“The action of selenium dioxide on sterols and bile acids. Part I. Ergosterol and 
dihydroergosterol.”” By R. K. CALLow and O. RosENHEIM. 

“ The limiting conductivities of salts in non-aqueous solvents.” By C. W. DAvIEs. 

““ Specific heats of aqueous solutions of potassium -octoate at 15°C.”” By D. G. Davies. 

“The vapour pressure of trans-di-iodoethylene.”’ By L. F. Broapway and R. G. J. 
FRASER. 

“ Note on the oxidation of cinnamaldehyde.” By A. W. Pounp and J. R. Pounp. 

“ The condensation of anthranilic acid with 4-chloroquinaldine and with 2-chlorolepidine.” 
By O. G. BACKEBERG. 

“ Physico-chemical studies of complex acids. Part X. The precipitation of metallic 
vanadates. Moser and Brandt’s method of estimating vanadium.” By H. T. S. 
BriTTon and R, A. RoBINsoNn. 

‘ Note on isobenzpyrylium ferrichloride.”” By B. K. BLount and R. Rosinson. 

“Experiments on the Walden inversion. Part XII. The displacement of hydroxyl by 
chlorine in the optically active ethyl «-naphthylglycollates.” By A. McKENZIE and 
(Miss) E. R. L. Gow. 
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“‘ Studies on the discontinuous nature of isothermals determined by the retentivity tech- 
nique. Part I. Water vapour isothermals on charcoal.”” By L. J. BURRAGE. 

“ The constitution of the chlorination products of benzanthrone.” By R. S. CAHN, W. O. 
JONES, and J. L. SIMONSEN. 

“Usnic acid. Part II. Usneol.” By F. H. Curp and A. RoBERTSON. 

‘““ Studies in stereochemical structure. Part VI. The isomeric (—)menthyl «-naphthyl- 
glycollates.””. By R. RoGER and (Miss) E. R. L. Gow. 

“ Catalytic hydrogenation of unsaturated compounds. Part I. Additive mode in relation 
to selectivity of attack and catalyst activity.” By E.H. FARMER and R.A. E. GALLEY. 

““ Experiments on the synthesis of rotenone and its derivatives. Part III. The dehydro- 
rotenone nucleus.” By A. ROBERTSON. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE BALLOT WILL 
BE HELD AT THE ORDINARY SCIENTIFIC MEETING ON THURSDAY, 
MAY 4th, 1933. 


ANDREW, JOHN HAROLD, Tarwood, 29, Endcliffe Grove Avenue, Sheffield. British. Pro- 
fessor of Metallurgy and Dean of the Faculty of Metallurgy, The University, Sheffield. D-.Sc., 
Manchester. Late Professor of Metallurgy, Royal Technical College, Glasgow. (Signed by) 
G. M. Bennett, S. Glasstone, Arthur W. Chapman. 

ASTIN, STANLEY, 39,-Osborne Avenue, Jesmond, Newcastle-on-Tyne. British. Student. 
B.Sc, (London—Special) Ist Class Hons. in Chemistry; A.R.C.S. Research student at the 
Armstrong College, Newcastle-on-Tyne. Date of birth Jan. 28th, 1911. (Signed by) G. R. 
Clemo, J. G. Cockburn, H. L. Riley. 

BERGMANN, Max, Wielandstrasse, 2, Dresden. German. Director of the Kaiser Wilhelm 
Institut fiir Lederforschung. Professor in the Technische Hochschule, Dresden. Numerous 
publications in Berichte, Annalen, etc. (Signed by) C. R. Harington, W. N. Haworth, H. W. 
Dudley. 

BIcKLEY, WILLIAM CHARLES, 20, Station Road, Pelsall, Walsall, Staffordshire. British. 
Schoolmaster. Bachelor of Arts, Oxford University, England. Reason for desiring admission 
to the Society is to receive the publications of the Society. (Signed by) G. D. Parkes, Evelyn 
Arthur Mason, Cecil Wyatt-Edgell. 

Binns, CALEB, 3, Oxford Villas, Guiseley, near Leeds. British. Student. After six years’ 
experience in the Artificial Silk Industry, I am now reading for an honours degree in Chemistry, 
and desire closer touch with advances in this subject through the publications of the Society. 
(Signed by) R. Cuthill, C. G. Lyons, William S. Denham. 

BurRKE, JOHN, Burton Terrace, Cork. Irish. Chemical Manufacturer. M.P.S.I. Inter- 
ested in Industrial Chemistry, and requires the Journal for references. (Signed by) Joseph 
Reilly, John Taylor, D. J. O’Mahony. 

CAMPBELL, NEIL, 1, Glengyle Terrace, Edinburgh, Scotland. Scottish. University Lecturer. 
B.Sc. (Edinburgh) ; Ph.D. (Edinburgh). Lecturer in Organic Chemistry, Edinburgh University. 
B.Sc. Ist Class Hons. Chemistry; Ph.D. (Edinburgh). Publication: ‘‘ The Optical Activity of 
Electrolytes,” J. Phys. Chem., 1931, 35, 1143. (Signed by) James Kendall, H. Gordon Rule, 
J. A. V. Butler. 

DAKERS, ROBERT GILLIES MutR, 59, Spottiswoode Street, Edinburgh. Scottish. Lecturer 
on Chemistry. B.Sc. (Lond.) with lst Class Hons. in Chemistry; F.I.C. Lecturer on Chemistry 
in Heriot-Watt College, Edinburgh, since 1920. (Signed by) T. Slater Price, Hugh B. Nisbet, 
James Sandilands. 

Dovuctas, RopericK Lancton, c/o T. J. Smith & Nephew, Ltd., Neptune Street, Hull, 
E. Yorks. British. Works Chemist. B.A., B.Sc. (Oxford). Experiments on the Synthesis 
of Phenolic Aporphines with Dr. J. M. Gulland (J.C.S., 1931, 2893). Some unpublished work 
on the Lead Chamber Reactions with Prof. W. J. Miller in Vienna. Works Chemist to Messrs. 
T. J. Smith & Nephew, Ltd., Hull. (Signed by) A.B. Densham, J. Masson Gulland, T. H. Mead. 

Dracass, WILLIAM RoBERT, St. Alphege House, Pocock Street, Southwark, S.E.1. British. 
Assistant Analytical Chemist. B.Sc. (Chem.), King’s College, London. Assistant to Mr. E. 
Hinks, M.B.E., B.Sc., F.1.C., Public Analyst, since Dec. 1931. Working for further qualifi- 
cations at Sir John Cass Technical Institute. (Signed by) Ed. Hinks, E. de Barry Barnett, 
A. M. Ward. 

Foorp, STANLEY GEORGE, 78, Hertford Street, Cambridge. British. Research Assistant. 
B.Sc. (Hons.), University College, London. Research Student, 1930-1933, at University College. 





25 


London. Papers: ‘‘ A New Method for the Determination of Nitrogen Peroxide,” Proc. Roy. ' 
Soc., 1932, 185 A, 166; ‘‘ A Supposedly Oxidisable Variety of Nitrogen,” J.C.S., 1932, 153. 
(Signed by) Ronald B. Mooney, James Wallace, R. G. W. Norrish. 

Gatty, OLIVER, Balliol College, Oxford. English. Fellow of Balliol. B.A., Oxford. 
** Determination of Dielectric Constants of Conducting Solutions,” ‘‘ Theory of Heat of Dilution 
of Strong Electrolytes,” ‘‘ Theory of Activity Coefficients” in Phil. Mag. 1930 onwards. Con- 
ductivity Report, Ann. Rep. Chem. Soc., 1930. (Signed by) C. N. Hinshelwood, D. Ll. Hammick, 
Ronald P. Bell. 

GOLDENBERG, NATHAN, 46, Oxford Gardens, N. Kensington, W.10. Russian (Staatenlose— 
under Nansen system). Analytical Chemist at the J. Lyons & Co., Ltd. Chemical Laboratories, 
Cadby Hall, W.6. Student at Birkbeck College, University of London. Date of birth Sept. 
4th, 1911. (Signed by) S. Sugden, G. W. Ferguson, M. Waloff. 

GRUNEBERG, ALAN CoNRAD, 18, Grove Avenue, Muswell Hill, N.10. British. Student. 
Studying for B.Sc. (Special), in Chemistry, at University College, London. Date of birth 
Nov. 7th, 1913. (Signed by) R. J. W. Le Févre, E. D. Hughes, J. Pearson. 

HENDERSON, ANDREW, 3, Vennel Street, Dalry, Ayrshire. British. University Lecturer 
(Glasgow). M.A. (Glasgow), B.Sc. (Glasgow). Lecturer on Inorganic Chemistry from 1921, 
University of Glasgow. Previously Assistant to Professor of Chemistry, 1908-1921. Author 
of ‘‘ Practical Chemistry for Students of Medicine ” (Stenhouse, Publisher) and Joint Author of 
‘“‘A Course of Volumetric Analysis” (Henderson and McCulloch). J.C.S., 91, 1907 (Patterson, 
Henderson, and Fairlie). See also Analyst, December, 1929. (Signed by) G. G. Henderson, 
Donald Chisholm, James Bell. 

HIEGER, IzRAEL, 80, Hilltop, Hampstead Garden Suburb, N.W.11. British. Assistant at 
Cancer Hospital Research Institute. B.Sc., London University. Author of ‘‘ Spectra of Cancer- 
producing Substances,”’ Biochem. J., 1930, XXIV, 505; ‘‘ Alleged Action of X-rays on Chole- 
sterol,” ibid., 1927, XXI, 407; Joint author of ‘‘ Nitroprusside Reaction in Normal Tissues and 
Tumours,” ibid., 1927, XXI, 751. (Signed by) J. W. Cook, C. Hewett, E. L. Kennaway. 

HuGuEs, ARTHUR HENry, Trinity Hall, Cambridge. British. Research Student. B.A., 
Cambridge. The following papers have been published : ‘‘ On Protein Monolayers,” by A. H. 
Hughes and E. K. Rideal, Proc. Roy. Soc., 1932, A., 187, p. 62; ‘‘ On the Surface Potentials 
of Unimolecular Films,” by J. H. Schulman and A. H. Hughes, ibid., 1932, 138, p. 430; ‘‘ The 
Electrical and Mechanical Properties of Protein Films,’”’ by A. H. Hughes, Trans. Faraday Soc., 
1933, No. 140, Vol. XXIX. Date of birth Oct. 27th, 1908. (Signed by) Eric K. Rideal, F. P. 
Bowden, R. G. W. Norrish. 

Humpurey, EpitH Eten, 4, Cumberland Park, Acton, W.3. British. Works Chemist. 
B.Sc. (London); Ph.D. (Ziirich). Desires to receive publications, attend meetings, and use 
library. (Signed by) J. T. Hewitt, R. Lessing, F. S. Aumonier. 

Isaacs, Extras, 68, Rangefield Road, Bromley, Kent. British. Student (Science), University 
College, London, since 1929. Date of birth Jan. 11th, 1912. (Signed by) R. J. W. Le Févre, 
C. R. Bailey, J. Pearson, C. K. Ingold. 

Jones, ARTHUR Davin, 10, Oakfield Road, Clapton, E.5. British. Student at University 
College, London. To obtain the use of the library and attend the meetings. Date of birth 
Jan. 2nd, 1914. (Signed by) R. J. W. Févre, W. Rogie Angus, Henry Terrey. 

KENDALL, GEORGE WILLIAM, 12, Ashbourne Crescent, Bolton Lane, Bradford. English. 
Chemist and Druggist, by Examination. Qualifying Exams. of Pharmaceutical Society. 
Certificate of having received a Full Course of Lectures in Chemistry, Physics, etc., at Liverpool 
School of Pharmacy under the late J. S. Ward, Ph.C., F.C.S. (Signed by) J. Robertson, 
J. B. Stocks, C. S. Gibson. 

KirkBy, WILLIAM ANTHONY, 26, Hartington Road, Millhouses, Sheffield 7. British. 
Assistant, Safety in Mines Research Board. M.Sc., Ph.D. (Manchester), F.I.C. Research on 
Gaseous Combustion with Prof. H. B. Dixon, F.R.S., 1919-1923, since then with Prof. R. V. 
Wheeler. Kirkby and Wheeler, J.C.S., 1928, 3203; 1931, 847, 2303. Kirkby, ibid., 1931, 878. 
(Signed by) R. V. Wheeler, H. F. Coward, Oliver C. de C. Ellis. 

LEATHWOOD, Marcus Nicuoras, Vailima, Oxford Road, Runcorn. British. Research 
Chemist, Messrs. Pilkington Bros., Ltd., St. Helens. M.Sc. (Liverpool). (Signed by) R. A. 
Morton, E. C. C. Baly, I. M. Heilbron. 

Lioyp, DorotHy JorpDan, 30, Cecil Court, Fawcett Street, S.W.10. English. Director, 
British Leather Manufacturers Research Association. M.A. (Cambridge); D.Sc. (London). 
Twelve years’ Research Chemist to the British Leather Manufacturers’ Research Association, the 
last five as Director of Research. (Signed by) J. Kenyon, Henry Phillips, C. W. Davies. 

McCuLLocH, WALTER PENMAN, 27, Essex Drive, Glasgow, W.4. British. University 
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Lecturer (Glasgow). B.Sc. (Glasgow). Lecturer on Inorganic Chemistry at Glasgow Univer- 
sity from 1930, previously assistant to the Professor of Chemistry from 1919. Joint author of 
““A Course of Volumetric Analysis’? (Henderson and McCulloch). (Stenhouse publisher.) 
(Signed by) G. G. Henderson, Donald Chisholm, James Bell. 

Marion, Lto Epmonp, National Research Laboratories, Sussex Street, Ottawa, Canada. 
British. Research Chemist. B.Sc. (Queen’s); M.Sc. (Queen’s); Ph.D. (McGill). ‘‘ Glycol— 
Lignin and Glycol-Ether—Lignin,” Canad. ]. Research, (1930), 2, 364; ‘‘ The Nitration of Glycol— 
Lignin,”’ ibid., (1930), 3, 130; ‘“‘ Ethers of Glycol—Lignin,” ibid., 1931, 5, 302; ‘‘ Lignin from Oat 
and Wheat Straw,” ibid., 1932, 6,521. (Signed by) C.G. Anderson, R. H. Manske, G. S. Whitby. 

MARKHAM, PETER JOHN, “ Elmside,’’ Marlborough Hill, Harrow, Middlesex. English. 
Student B.Sc. (Hons.) Chemistry. ‘‘ Nitration of Chalkone,” R. J. W. Le Févre, P. J. Mark- 
ham, and J. Pearson. Submitted January 1933. Date of birth April 4, 1912. (Signed by) 
F. G. Donnan, R. J. W. Le Févre, C. K. Ingold. 

MARSDEN, RALPH JOHN BasIL, New College, Oxford. English. Research Student. B.Sc. 
Ist Class Hons. Chemistry (Manchester); M.Sc. (Manchester). Engaged in research at The 
Dyson Perrins Laboratories, Oxford, and desires to receive the Journal, etc. Date of birth 
May 15th, 1910. (Signed by) N. V. Sidgwick, D. Ll. Hammick, Glyn Owen. 

MuRRAY, ROGER CHRISTOPHER, c/o Mrs. Henry, 65, Westbourne Terrace, W.2. British. 
Research Student. B.Sc. (London). Interested in Chemical Research and Applications. 
Date of birth June 18th, 1911. (Signed by) F. A. Freeth, F. G. Donnan, B. Topley. 

PATTERSON, WILLIAM STEWART, 16, Holmlands Park (North), Sunderland, Co. Durham. 
British. Head of Chemistry Dept., Technical College, Sunderland. Ph.D. (London); B.Sc. 
(Leeds); M.Sc. (Leeds); F.I.C. (Signed by) R. J. Winterton, J. H. Wilkinson, J. W. Cook. 

RaIsTRIcK, HAROLD, 17, Long Grove Road, Seer Green, Beaconsfield, Bucks. British. 
Professor of Biochemistry in the University of London. Sc.D. (Cantab.); D.Sc. (Leeds). 
Numerous papers on Microbiological Chemistry in Biochem. J. and Phil. Trans. Roy. Soc. 
(Signed by) C. R. Harington, J. C. Drummond, G. F. Marrian. 

Rospinson, Epwin Brew, 482, Lightbourne Road, New Moston, Manchester. British. 
Chemist. M.Sc., Victoria University (Manchester). Research Student (Vict.) 1924-6; Schunck 
Research Assistant (Vict.), 1926-7; now Chemist, Imperial Chemical Industries (Dyestufis 
Group), Blackley, Manchester. J.C.S., 1925, 127, 2234; 1927, 2052. (Signed by) E. Chapman, 
W. Bradley, E. H. Rodd. 

RoGeErs, MAURICE ARTHUR THOROLD, c/o J. McAusland, 18, Guilford Street, Russell Square, 
W.C.1. English. Research Student. B.Sc. (London) (First Class honours). Date of birth 
June 8th, 1911. (Signed by) C. K. Ingold, O. L. Brady, R. J. W. Le Févre. 

SHEPPARD, ODEN ELBRIDGE, 826, South Third Ave. (Residence), Montana State College 
(Office and mail address), Bozeman, Montana, U.S.A. Citizen, United States of America. 
Professor of Chemistry and Head, Department of Chemistry, Montana State College. Also State 
Chemist, State of Montana. A.B. and A.M., University of Missouri, Columbia, Mo; Ph.D. 
University of Chicago, Chicago, Ill. ‘“‘An Attempt to Prepare Tautomeric Indophenols,”’ 
University of Chicago, Science Abstracts, 7, 197-202; ‘‘ Nitrobarbituric Acid,’”’ W. W. Hartman 
and O. E. Sheppard, Organic Synthesis, XII, 58-9; ‘‘ Uramil,” W. W. Hartman and O. E. 
Sheppard, Organic Synthesis, XII, 84-5; ‘‘ Alchemy—Past, Present and Future, Hexagon of 
Alpha Chi Sigma,’’ 18, 235-44 (1928) Assistant Professor of Chemistry, Montana State College, 
1922-29; Associate Professor, 1929-31; Professor and Head of Department of Chemistry, 
1931—present. Abstractor for Chemical Abstracts. Captain U.S. Army Chemical Warfare 
Reserve. State Chemist for State of Montana. Sabbatical leave year spent in Synthetic 
Organic Chemical Division of Eastman Kodak Co. (Signed by) C. E. Kenneth Mees, S. E. 
Sheppard, Leslie G. S. Brooker. 

STEPHENS, SIDNEY, 38, Oseney Crescent, N.W. 5. British. Student (Chemistry). A.R.C.S. 
[Royal College Science (London)]. Post-graduate student engaged in research on gaseous 
combustion. Date of birth Dec. 11th, 1911. (Signed by) James C. Philip, H. F. Harwood, 
H. J. T. Ellingham. 

StoppaRT, Eric Maurice, 15, Powell Street, West Hartlepool, Co. Durham. British. 
Research Student of Armstrong College. B.Sc. (First Class Honours Special Chemistry, Lon- 
don). I wish to keep in touch with the developments of chemistry and to receive the Journal. 
Also to have access to the library and Society meetings. J.C.S., 1931, 1874. With Prof. 
Briscoe and Dr. P. L. Robinson, J.C.S., 1931, 666, 1439, 2263, 2976; 1932, 2811. (Signed by) 
H. V. A. Briscoe, P. L. Robinson, L. A. Sayce. 

TAYLOR, ERNEsT, Clifton, Station Road, New Longton, Nr. Preston, Lancs. British. 
M.Sc. (Leeds); A.I.C. Lecturer in Agricultural Chemistry at the Lancs. School of Agriculture 
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and in Chemistry at the Harris Institute, Preston. 
Hines, J. N. Aldington. 

TREND, KENNETH TROUERN, “‘ Park View,’’ Oreston, Nr. Plymouth, Devon, and 6, Swift 
Street, Fulham, S.W.6. British. B.Sc. (General), London. 3rd year student of the Royal 
College of Science. Date of birth Nov. 3rd, 1911. (Signed by) Jocelyn Thorpe, R. P. Linstead, 
M. A. Whiteley. 

WYLER, Max, Ph.D., Upwood House, Humphrey Street, Crumpsall. Finn. Research Chemist. 
34 years’ Research and Manufacturing experience. (Signed by) E. H. Rodd, R. Brightman, 
P. Chorley. 





(Signed by) Norman M. Comber, C. P. 





Forms of Recommendation for Fellowship accepted by the Council under Bye 
Law I (2). 


CLIFFORD, WILLIAM POWER CHARLES, 18, Duckworth Street, Dunedin, New Zealand. 
British. Chemist. M.P.S. [N.Z.]. Passed two qualifying examinations of the N.Z. Pharma- 
ceutical Society and Registered Member of this Society from Feb. 2, 1926 following profession 
on own account as Chemist, Analyst, and Metallurgist. (Signed by) Robert Coghill. 

Kyas, Otto, Ing.-Chem. Brno, Kvétua ul. No. 19, Czechoslovakia. Ceska (Tscheque). 
Director of the Agricultural Experiment-Institute at Brno. ‘‘ Engineer of Chemistry,” 
obtained at the Technical High-School at Brno in the year 1898. 1898-1900 Chemist in a 
distillery and sugar-factory in Moravia; 1900 assistant in the Agricultural Experiment-Institute 
at Brno, now Director of this Institute; 1917 elected to Substitute-Professor of Agricultural 
Chemistry at the Technical High-School in Brno; 1920 nominated by our Government as 
member of ‘‘ Masaryk Academy of Science’ in Prague. (Signed by) James Hendrick. 

Lunp, Hakon, Chemical Laboratory of the University, Osterwold 5, Copenhagen. Danish. 
At present, ‘‘ Lektor,’’ from Aug. 1, 1933, Professor. ‘‘ Cand. mag.,’’ Copenhagen, 1922. Dr.phil., 
Copenhagen, 1926. Assistant at Univ. of Copenhagen, 1920-1933. Lecturer from June 1932. 
Designated as Professor of Chemistry at the Univ. of Aarhus, Jutland, from Aug. 1, 1933. Ten 
publications in different Journals, and thesis, Copenhagen, 1926 (102 pages). ‘‘ The Con- 
stitution of Phenolphthalein I and II,’”’ J.C.S., 1928, 1569-1575; 1930, 1844-1852. (Signed 
by) H. Baggisgaard Rasmussen, Chr. Winther. 

WHEELER, THOMAS SHERLOCK, Royal Institute of Science, Bombay. British. Principal 
and Professor of Organic Chemistry. Ph.D., B.Sc. (London); F.R.C.Sc.I., F.1.C., F.Inst.P., 
A.M.I.Chem.Eng. Demonstrator in Organic Chem., Royal Technical College, Glasgow. Re- 
search Chemist at Royal Naval Cordite Factory and at Royal Arsenal, Woolwich. Senior 
Research Chemist with Imperiai Chemical Industries, Ltd. Numerous publications in J. Soc. 
Chem. Ind., Phil. Mag., Rec. trav. chim., Physikal. Z., J. Indian Chem. Soc., and J.C.S., 1931, 
2282, 3150. 20 Patents of chemical interest. (Signed by) Mata Prasad, R. C. Shah. 





ADDITIONS TO THE LIBRARY. 


1930. pp. 458. ill. [In Russian, English 
summary.] (Recd. 4/3/33.) 

ASSOCIAZIONE ITALIANA DI CHIMICA. I (HANLEY, JOHN.) Bibby’s book on milk. 
progressi dell’ industria chimica Italiana nel SectionI. Supplement No. 2. The appeal to 
I° decennio di regime Fascista. Edited by cows and minimum variation in milk, and 
Domenico Marotta. Romal1932. pp.xii+ What is normal milk? Liverpool 1925-31. 
550. ill. (Recd. 16/3/33.) From the Pub- pp. 46. ill. 4s. net. 
lishers : Associazione Italiana di Chimica. Section II. The law relating to the 

CanaDA. Department of Mines. Rare-_ sale of milk. 18th edition. Liverpool 1928— 
element minerals of Canada. By H. V. 32. pp. xiv + 488 + [114]. 30s. net. (Recd. 
ELtswortH. Ottawa 1932. pp. vi-+ 272. 9/3/33.) From the Publishers: Messrs. J. 


I. Donations. 











ill. (Reference.) 40c. Bibby & Sons. 

—— Manganese deposits of Canada. HANNAH Datry RESEARCH INSTITUTE. Bul- 
By G. Hanson. Ottawa 1932. pp.vi-+ 120.  letin No. 5. The nutritive properties of milk 
ill. (Reference.) 20c. From the Director. in relation to pasteurisation. A review of exist- 


CuinGco-CuinGas, K.M. Millingand baking ing knowledge. By JoHN DEMPSTER STIRLING 
properties of the wheat varieties in U.S.S.R. and JANETHENDERSON BLackwoop. Kirkhiil 
(Bull. Appl. Bot., Suppt. 46.) Leningrad 1933. pp.80. (Reference.) From the Director. 
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JOHANNESSOHN, Fritz. Chinin in der Allge- 
meinpraxis unter Beriicksichtigung pharma- 
kologischer Befunde. Ein Nachtrag zu der 
1930 erschienenen Ausgabe. Amsterdam 1932, 
pp. 176. (Recd. 28/2/33.) 

From Dr. T. A. Henry. 

NENCKI, MARCELI. Opera omnia. 1869- 
1901. 2vols. Braunschweig 1904. pp. xlii + 
840, xiv + 894. ill. (Recd. 16/3/33.) 

From Professor R. H. A. Plimmer. 

OSTWALD, WILHELM. The scientific foun- 
dations of analytical chemistry treated in an 
elementary manner. 3rd English edition. 
Translated by GEorcE McGowan. London 
1908. pp. xxiv + 248. ill. 6s. net. (Recd. 
22/3/33.) From the Translator. 

RosBison, RosBert. The significance of 
phosphoric esters in metabolism. New York 
1932. pp. x-+ 104. ill. Ils. 6d. net. 
(Recd. 6/3/33.) From the Author. 


II. By Purchase. 


ALTPETER, [JuLIUs]. Die Patentliteratur 
der Eiweissstoffe. Parts i-iv. Berlin 1932. 
pp. xii + 336. (Reference.) M. 34. 

ARNDT, Kurt. Die kiinstlichen Kohlen fiir 
elektrische Ofen, Elektrolyse und Elektro- 
technik. 2nd edition of JuLtus ZELLNER 
** Die kiinstlichen Kohlen fiir elektrotechnische 
und elektrochemische Zwecke.”’ Berlin 1932. 
pp. vi + 336. ill. M.38. (Recd. 10/3/33.) 

BraGG, WILLIAM LAWRENCE. The struc- 
ture of silicates. 2nd edition. Leipzig 1932. 
pp. 78. ill. M. 4.50. (Recd. 6/3/33.) 

FIELD, SAMUEL, and WEILL, A. DUDLEY. 
Electroplating : a survey of modern practice, 
including nickel, zinc, cadmium and chromium. 
London 1930. pp. 206. ill. 5s.net. (Recd. 
20/2/33.) 

Kottnorr, ISAAK Maurits, and FISCHGOLD, 
Harry. Sdaure-Basen-Indicatoren. Ihre An- 
wendung bei der colorimetrischen Bestimmung 
der Wasserstoffionenkonzentration. 4th edi- 
tion of ‘‘ Der Gebrauch von Farbenindicatoren.”’ 
Berlin 1932. pp. xii + 416. ill. M. 19.80. 
(Recd. 10/3/33.) 

Lucas, ALFRED. Antiques, their restor- 
ation and preservation. 2nd edition. London 
1932. pp. 240. 8s. 6d.net. (Recd. 20/2/33.) 

MADSEN, THORKILD. Studies in the deter- 
gent action and surface activity of soap solu- 
tions. Translated by ALEXANDER CHARLES 
Jarvis. Copenhagen 1930. pp. 154. ill. 
16s. net. (Recd. 28/2/33.) 

MICHAELIS, LEONOR. Oxydations-Reduc- 
tions-Potentiale. 2nd edition. Berlin 1933. 
pp. xii + 260. ill. M.19.60. (Recd. 10/3/33.) 

MULLER, RoBert. Allgemeine und tech- 
nische Elektrometallurgie. Wien 1932. 

xii + 580. ill. M. 32.50. (Recd. 10/3/33.) 


PHYSICAL SOCIETY. Reporton band-spectra 
of diatomic molecules. By W. JErEvons. 
London 1932. pp. viii + 308. ill. 17s. 6d. 
net. (Recd. 20/2/33.) 

PRAUSNITZ, Paut H., and REITSTOTTER, 
JOsEF. Elektrophorese, Elektroosmose, 
Elektrodialyse in Flissigkeiten. | Dresden 
1931. pp. xii + 307. ill. M. 20. (Reed. 
6/3/33.) 

SACHANEN, A. N., and TILIcHEYEv, M.D. 
Chemistry and technology of cracking. Trans- 
lated by A. A. BoEHTLINGK, D. F. Brown, and 
K. T. Sterk. New York 1932. pp. 390. ill. 
$8. (Recd. 20/2/33.) 

WELLs, HARRY GIDEON, and Lonc, ESMonp 
R. The chemistry of tuberculosis. 2nd edi- 
tion. [Baltimore] 1932. pp. xiv + 482. ill. 
$7. (Recd. 20/2/33.) 


III. Pamphlets. 


BRITISH STANDARDS INSTITUTION. British 
standard specifications for coal tar naphthas. 
London 1933. pp. 35. ill. 

Indexed list of British Standard speci- 
fications. London 1933. pp. 62. 

Curr, V.,and Sirttéex, J. Beryllium salts 
of the para-derivatives of the benzenesulphonic 
acids and their hydrolysis. (Publ. Fac. Sci. 
Univ. Masaryk, No. 157.) Brno 1932. [In 
Czech., English summary.] 

OcuRA, Tsutomu. Contact-metamorphism 
by syenite-gneiss in the Lao tieh shan district 
near Ryojun, South Manchuria. (From the 
Mem. Ryojun Coll. Eng., 1932, 5.) 

PERLITZ, HARALD. Bemerkungen zu den 
Regeln tiber Valenzelektronenkonzentrationen 
in binaren intermetallischen Legierungen. 
(From the Acta Comm, Univ. Tartu, 1932, 
A 24.) ill. 

REINER, L., LEONARD, CLIFFORD SHATTUCK, 
and Cuao,S.S. Studies on the mechanism of 
chemotherapeuticaction. (III-VIII.) (From 
the Arch. Int. Pharm. Therapie, 1932, 43.) 

Scumitt, N. Kultur und Absatz der Derris 
elliptica Benth. (From Tropenpflanzer, 1932, 
35.) 

Ein neues Verfahren zur besseren Aus- 
nutzung des wirksamen Stoffes aus rotenon- 
enthaltenden Pflanzen. (From the A nzeiger f. 
Schadlingskunde, 1933, 9.) 

SCIENTIFIC AND INDUSTRIAL RESEARCH, 
Department of. Fuel Research. Technical 
Paper No. 35. Low-temperature carbonis- 
ation. Narrow brick retorts at the Fuel 
Research Station. By J. FRAZER SHAw. 
London 1933. pp. vi+ 14. ill. 

Yap, Cuu-PHay. The surface energy of 
iron carbide. (A critique of the theories of 
precipitation hardening.) (Amer. Soc. Steel 
Treating, 13th Ann. Conv., 1931.) pp. 25. ill. 





MEETINGS OUTSIDE LONDON. 


A meeting of the Chemical Society under the new scheme for extending the activities 
of the Society outside London was held in Manchester on Thursday, March 9th, 1933, in 
the University Chemistry Lecture Theatre. Dr. R. H. Pickard, F.R.S., Vice-President, 
who was in the Chair, explained briefly the reasons which had led the Council to depart 
from its traditional policy of meeting only in London. The Council felt that meetings 
in the principal centres outside London had become necessary to give Fellows increased 
opportunities of following and discussing the rapid and far-reaching developments in 
chemical science which are now taking place, and had appointed representatives of the 
Society to organise such meetings. Professor E. K. Rideal, F.R.S., then delivered a 
lecture entitled ‘‘ How Chemical Reactions ‘ Go.’ ” 

Beginning with the anomalies observed between collision frequency and rate of 
reaction in homogeneous systems, the lecturer described the activation hypothesis of 
Arrhenius and the later work of Bodenstein, Lindemann, and Christiansen, which had led 
to the development of the idea of chain reactions. He then proceeded to discuss modern 
views on the energy of activation of a chemical reaction and the application of the quantum 
mechanics to explain how a reaction may come about with less than the normal energy of 
activation by “ tunnelling ’ through the upper part of a potential energy ‘“‘ hump.” 

A short discussion followed in which Mr. M. G. Evans, Dr. H. A. Piggott, and Dr. C. 
Morson took part. 

It is intended during the session 1933-1934 to arrange, in conjunction with other 
societies in the Manchester district, other lectures dealing with the mechanism underlying 
chemical reactions and the contributions which modern chemistry and physics are together 
making towards their solution. 





FORTHCOMING MEETINGS. 


Friday, May 5th, ai 5.15 p.m. 





Extra Meeting arranged jointly with the University College of North Wales (Bangor) 
Chemical Society in the Chemistry Lecture Theatre, Memorial Science Buildings, Bangor. 
A lecture entitled ‘‘ The Chemistry of Gold” will be given by Professor C. S. Gibson, 
O.B.E., M.A., Sc.D., F.R.S. 


Friday, May 12th, 4-6 p.m., and 8-10 p.m. 





At the invitation of the Chemistry Department of the University of Leeds, the Society 
has arranged a discussion at Leeds on ‘“ Substitution in Aromatic Systems.” Professor 
G. T. Morgan (President) will preside, and Professor R. Robinson, Professor C. K. Ingold, 
Professor G. M. Bennett, and others will take part. 





FORTHCOMING MEETINGS IN LONDON. 


Thursday, April 6th, at 8 p.m. 





Ordinary Scientific Meeting. In view of the Priestley Bicentenary on March 13th, this 
meeting will be devoted to the commemoration of Priestley’s iife and work. Papers will 
be communicated by Professor A. N. Meldrum, D.Sc., Sir Philip Hartog, K.B.E., C.1.E., 
and Sir Harold Hartley, M.C., C.B.E., F.R.S., and there will be an exhibition of objects 
of interest relating to Priestley. 


Thursday, May 4th, at 8 p.m. 





Ordinary Scientific Meeting. 


Thursday, May 18th, at 8 p.m. 





Ordinary Scientific Meeting. 


Thursday, May 25th, at 5.30 p.m. 





The Sixth Hugo Miiller Lecture, entitled ‘“‘ Chemistry at the Cross Roads,” will be 
delivered by Professor H. E. Armstrong, LL.D., F.R.S., in the Meeting Hall of the 
Institution of Mechanical Engineers, Storey’s Gate, S.W. 1. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extra Meeting held at the Royal Institution, Wednesday, March 29th, 1933, at 
5.30 p.m. 

The President, Professor G. G. HENDERSON, M.A., D.Sc., F.R.S., in the Chair. 

In introducing Professor Peter Debye, the PRESIDENT referred to his distinguished 
career and to his eminent services to science as an original investigator. He also 
expressed the gratification of the Council that Professor Debye had accepted the 
invitation to deliver the Faraday Lecture—the highest honour the Council could confer 
on a foreign scientist. The PRESIDENT then called on Professor Debye to deliver 
the Fifteenth Faraday Lecture, entitled ‘‘ The Relations between Stereochemistry and 
Physics.” 

At the conclusion of the lecture, the Faraday Medal was presented by the PRESIDENT 
to Professor Debye. 

A vote of thanks to the Lecturer, proposed by Sir William Bragg, O.M., K.B.E., 
F.R.S., and seconded by Professor F. G. Donnan, C.B.E., F.R.S., was carried with accla- 
mation, and acknowledged by Professor Debye. 

A vote of thanks to the Officers and Managers of the Royal Institution for the use of 
the Lecture Theatre was moved by the PRESIDENT and carried unanimously. 





ANNIVERSARY DINNER, MARCH 30TH, 1933. 


The Anniversary Dinner was held at Grosvenor House, Park Lane, W. 1, on Thursday, 
March 30th, 1933, at 7.30 p.m. The President, Professor G. T. Morcan, O.B.E., D.Sc., 
F.R.S., presided, the number present being 234. Among the guests were Dr. E. F. Arm- 
strong (Chairman, Association of British Chemical Manufacturers), Mr. F. W. F. Arnaud 
(President, Society of Public Analysts), Mr. Horatio Ballantyne, Professor E. C. C. Baly 
(President, British Association of Chemists), Sir Ernest Benn, Bt., Mr. W. A. S. Calder 
(representing the Institution of Chemical Engineers), Dr. G. C. Clayton, Sir Henry H. 
Dale, Professor Dr. Peter Debye, Mr. T. Dewhurst (President, Institution of Petroleum 
Technologists), Sir Henry Fowler (President, Institute of Metals), Professor A. Harden 
(representing the Biochemical Society), Sir Frederick G. Hopkins (President, Royal 
Society), Mr. J. Keall (Vice-President, Pharmaceutical Society), Lord and Lady Melchett, 
Sir David and Lady Milne-Watson, Mrs. Emile Mond, Mrs. G. T. Morgan, Dr. R. H. 
Pickard (President, Society of Chemical Industry), Lord Rutherford (Chairman, Advisory 
Council, Department of Scientific and Industrial Research), Sir Frank E. Smith (Secretary, 
Department of Scientific and Industrial Research), Lady Smith, Professor J. F. Thorpe 
(President, Institute of Chemistry), Mrs. J. F. Thorpe, Lord Trent, Sir Alexander Walker, 
and Mr. J. A. Frome Wilkinson (President, Oil and Colour Chemists’ Association). 

The following Toasts were proposed : 


1. The King. 
2. The Queen, the Prince of Wales, and the other Members of the Royal Family. 


By the Right Honourable Lord Melchett : 
3. “‘ The Chemical Society,” coupled with the name of the President. 
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By Sir William J. Pope, K.B.E., D.Sc., F.R.S., Past-President, and President of the 
Federal Council for Chemistry : 


4. “ The Guests,” coupled with the names of : 


(a) Professor Dr. Peter Debye, Honorary Fellow of the Chemical Society, Faraday 
Lecturer, 1933. 

(6) Sir Frederick G. Hopkins, M.A., D.Sc., LL.D., President of the Royal Society. 

(c) Sir David Milne-Watson, M.A., LL.D., D.L. 





Ordinary Scientific Meeting, Thursday, April 6th, 1933, at 8 p.m., Professor G. T. 
MorcGan, O.B.E., D.Sc., F.R.S., President, in the Chair. 

The PRESIDENT announced that the meeting was to be devoted to commemorating 
the Bicentenary of Joseph Priestley, and in welcoming the visitors, referred specially to 
Mr. Will C. Priestley (a great-great-great-nephew of Dr. Joseph Priestley), expressing 
the gratification of the Society that he was present. 

The PRESIDENT referred to the loss sustained by the Society, through death, of the 
following Fellows : 

Elected. Died. 


Virgil Coblentz May 16th, 1895. June 7th, 1932. 
James Hugh Duncan Dec. Ist, 1910. Oct. 12th, 1932. 
John Millar Thomson Jan. 18th, 1872. March 22nd, 1933. 


and asked those present to stand while the following resolution, which had been passed 
by the Council that afternoon, was read : 

“The President, Council, and Fellows of the Chemical Society desire to express their 
deep sorrow at the death of Professor John Millar Thomson, who was elected a Fellow of 
the Society on the 18th January, 1872. Professor Thomson served on the Council as an 
Ordinary Member of Council for four periods amounting to ten years, as Secretary for 


fifteen years, and as Vice-President for two periods amounting to six years, making thirty- 
one years in all. He was also Chairman of the Library Committee for nineteen years. 
They recall with gratitude the eminent services his wide knowledge enabled him to render 
to the Society, and mourn the loss of one who by his great personal qualities endeared himself 
to all with whom he came into contact. They desire to convey their sincere sympathy 
to the relatives of the late Professor Thomson in the great loss they have sustained.” 


Fellows were reminded that, in future, the Research Fund Committee would meet 
only once a year, and that the next meeting for the allotment of grants would be held in 
December, 1933. 


It was announced that La Société de Chimie Industrielle had sent a copy of the Moissan 
Memorial Volume for the Library, and that the Humboldt bronze medal had been presented 
to the Society by the Executors of Jane Omond Stevenson. 


Forms of Recommendation for Fellowship were read for the first time in favour of : 


Michael Benger, B.A., The Pointings, Selborne Road, Croydon. 

William Harris Davies, B.Sc., 58, King Street, Wallasey, Cheshire. 

Samuel Duxbury, The Bungalow, Summerhouse Hill, Cardington, Beds. 

Philip James Gay, B.Sc., 79, Alderson Road, Alum Rock, Birmingham. 

Fred Hudswell, B.A., 140, Holystone Crescent, High Heaton, Newcastle-on-Tyne, 6. 
Edith Florence Johnston, 215, Milkwood Road, Herne Hill, S.E. 24. 

William Edward Jones, B.Sc., 15, Rossmore Gardens, Anfield, Liverpool, 4. 

Cyril Alex Lawrence, 111, Victoria Park Road, S. Hackney, E. 9. 

Melchett of Landford, Rt. Hon. Lord, Mulberry House, Smith Square, S.W. 1. 

Colin John Owen Rhonabwi Morris, M.Sc., 4, Milton Chambers, Cheyne Walk, Chelsea, S.W. 10. - 
Leonard Edward Barton Powell, B.Sc., 39, Percy Road, Hampton, Middlesex. 
Edith Marjorie Read, 64, Cambridge Street, Camberwell, S.E. 5. 

Thomas James Sage, 246, Victoria Park Road, S. Hackney, E. 9. 

Trent of Nottingham, Rt. Hon. Lord, Lenton House, Nottingham. 

Owen Haddon Wansbrough- Jones, M.A., Ph.D., Trinity Hall, Cambridge. 
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The following forms of Recommendation have been accepted by the Council under 
Bye-Law I (2): 
John Alleyne Adamson, P.O. Box 17, Georgetown, British Guiana. 
Lowell O. Gill, A.B., M.Sc., c/o A. E. Staley Manufacturing Co., Decatur, IIl., U.S.A. 
Edward Lewis Maicki, Ph.C., B.S., 12206, Mendota Avenue, Detroit, Mich., U.S.A. 
G. K. Narsimiengar, c/o Mysore Pharmaceuticals, Ltd., Bangalore, S. India. 
Alfred Edward Wright, P.O. Box 17, Georgetown, British Guiana. 


Papers dealing with the life and work of Priestley were read by Sir Philip Hartog, 
K.B.E., C.I.E., Professor A. N. Meldrum, and Sir Harold Hartley, M.C., C.B.E. 
Dr. Alexander Scott and Professor H. E. Armstrong also spoke, and a series of lantern slides 
illustrating Priestley’s life and work in England and America was shown by Dr. J. A. 


Newton Friend. 
The following exhibits were on view in the Officers’ Room : 


LENT BY THE ROYAL SOCIETY. 


MEMORIALS OF PRIESTLEY, collected and arranged by Mr. James Yates, F.R.S. 
MANUSCRIPTS AND MANUSCRIPT LETTERS OF PRIESTLEY. 
FRICTIONAL ELECTRICAL MACHINE USED BY PRIESTLEY. 


LENT BY Dr. ALEXANDER Scott, F.R.S. 


PORTRAIT OF PRIESTLEY, by Mrs. Sharples, in Pastel. 


PLASTER CAST OF THE SMALL STATUE OF PRIESTLEY IN BIRMINGHAM, by 
Williamson. 
LENT BY Mr. GEORGE H. GABB. 


LETTER OF JOSEPH PRIESTLEY. Dated “ Warrington, 18 May, 1766.” To 
Emanuel da Costa, F.R.S. 
In the footnote he expresses his anxiety as to his election to the Royal Society 
as the time “‘ draws near.’”’ Priestley was elected a Fellow on June 12th, 1766. 


PRIESTLEY’S MICROSCOPE. 

Microscope made for Joseph Priestley by Benjamin Martin, “‘ at the New Invented 
Visual Glasses, Fleet Street,” with its receipted bill, dated 1767. 

Very few of the instruments that Priestley used survive, as nearly the whole of 
them, together with his books and manuscripts, were destroyed when rioters sacked 
his house at Farhill, Birmingham, in 1791. 

This instrument is probably the microscope used when he attempted to identify 
whether “‘ the green matter ’”’ he found on the sides of his glass vessels, which gave 
off bubbles of “ dephlogisticated air ’’ when exposed to sunlight, was vegetable or 
not. In this he was assisted by his friend Bewley, as Priestley confesses that ‘‘ My 
own eyes having always been weak, I have, as much as possible, avoided the use of 


a microscope.” 
SMALL HORN-MOUNTED MAGNIFIER USED BY PRIESTLEY. 


BENJAMIN MARTIN’S “ TRADE CARD,” who made many of Priestley’s instruments, 
circa 1750. 
CHEMICAL RETORT. 


Of the period of Josiah Wedgwood. Stamped ‘‘ Wedgwood.” “23.” Wedg- 
wood made the retorts for Priestley’s experiments, and this is probably one of them. 


LETTER OF JOSEPH PRIESTLEY. Dated September 14th, 1779. 
To his friend the Rev. Scholefield, announcing his great discovery of the emission 
of “‘ Dephlogisticated Air ’’ (Oxygen) from plants under the influence of light. 
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AN EARLY WEDGWOOD MEDALLION. 
Portrait of Priestley after Flaxman. Circa 1775. 


LARGE RELIEF PORTRAIT OF PRIESTLEY. 
In white Jasper ware. 1780-1790. 


PORTRAIT OF JOSEPH PRIESTLEY. 
In high relief in coloured wax. Signed “S. Percy. 1788.” Percy was a well- 


known modeller in wax, of that period. 
(This portrait of Priestley, hitherto unknown, has only been recently discovered.) 


LARGE OVAL MEDALLION. 
Portrait of Priestley by Wedgwood. (Head to right, without wig, on light blue 


ground.) Circa 1800. 


SILVER MEDAL. 
Struck by Hancock in 1783, to commemorate Priestley’s discovery of Oxygen. 
The obverse represents a group of the apparatus used by Priestley in his researches. 


MEDAL IN BRONZE. 
Struck by Hancock in 1783, to commemorate Priestley’s discovery of Oxygen. 


TWO TOKENS IN BRONZE AND WHITE METAL. 
Known as “Sedition Pennies.’’ Issued by the Anti-Republican Party. The 
snake in the grass is intended for Priestley. 
No doubt the circulation of these much incensed the feeling against Priestley, 
which culminated in the destruction of his house and laboratory by the mob. 


A COPPER TOKEN. 
With Priestley’s Portrait and the legend “ J. Priestley, Citizen of the World.” 
On the reverse, an altar, with the words “Hampden and Sydney.” ‘Sacred to 


Liberty.” 


MEDAL IN BRONZE. 
Struck by Phipson to commemorate Priestley’s emigration to America in 1794, 


after his house was sacked by the mob. 


MEDAL IN WHITE METAL. 
Struck by Phipson to commemorate Priestley’s emigration to America in 1794, 
after the sacking of his house in Birmingham by the mob. 


MEDAL IN BRONZE. 
Executed by Halliday. ‘‘ Consecrated to the memory of Priestley.”’ 


MEDAL IN WHITE METAL. 
Executed by Halliday. ‘‘ Consecrated to the memory of Priestley.”’ 


RECEIPT FOR SUBSCRIPTION TO PRIESTLEY’S work on “ Vision, Light and 
Colours,” in 1772. Signed by Joseph Johnson, Priestley’s Bookseller and Publisher. 


PRIESTLEY’S “ MEMOIRS,” that belonged to William Russell, his steadfast friend in 
prosperity and adversity, who gave him refuge after the riots of 1791. 
LENT BY Mrs. ARUNDELL ESDAILE. 
CAST OF THE MEDALLION OF PRIESTLEY ON HIS MONUMENT, by Peter 
Rouw, at Birmingham. 
IN THE POSSESSION OF THE CHEMICAL SOCIETY. 


WEDGWOOD PLAQUE OF PRIESTLEY. 
BRONZE MEDAL OF PRIESTLEY. 
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LENT BY Mr. WILL C. PRIESTLEY. 


TWO FRAMED AUTOGRAPH LETTERS OF JOSEPH PRIESTLEY. 


DR. JOSEPH PRIESTLEY’S BOOK PLATE. (Engraved by Allen, of Birmingham, 
circa 1780.) 


DOCTOR PHLOGISTON, THE PRIESTLEY POLITICIAN or THE POLITICAL 
PRIEST. 


J. PRIESTLEY, LL.D., F.R.S. 
DR. JOSEPH PRIESTLEY’S SPECTACLES, bearing his name engraved in silver. 


LenT By Dr. C. H. SPIERs. 
ENGRAVING OF PRIESTLEY. “ Published as the Act directs 1 Feb., 1782, by J. 
Walker, Pater-noster Row.” 
LENT BY Dr. J. A. NEWTON FRIEND. 


SIX PHOTOGRAPHS illustrating Priestley’s home in Northumberland, Penn., U.S.A., 
showing his tomb, descendants (of 1926), etc. 





LIBRARY TELEPHONE NUMBER. 


The telephone number of the Library is Regent 1342, and this number should be used 
for all inquiries relating to the Library. 
Books may now be issued in response to a telephoned request from a Fellow, subject 
to subsequent confirmation in writing, and to the parcel being posted to an address 
registered with the Society. 





List of Papers, or Abstracts thereof, received between March 16th, and April 10th, 
1933. (This List does not include the titles of papers, or abstracts thereof, which have 
been read at an Ordinary Scientific Meeting, or which have appeared in the Journal.) 


“The resinols. Part I. §-Amyrin of manilla elemi.” By F. S. SPRING. 

“The preparation of chloromethylnaphthalenes and 1: 5-dimethylnaphthalene.” By 
A. R. ANDERSON and W. F. SHort. 

“The condensation of formaldehyde with #-nitrophenol.” By F. D. Cuatraway and 
R. M. GoEpp. 

‘“‘ The compressibilities of certain gases at low pressures and various temperatures.” By 
W. Cawoop and H. S. PATTERSON. 

“ Anionotropic and prototropic changes in cyclic systems. Part I. Hydroxycyclo- 
pentenones.” By H. Burton, C. W. SHOPPEE, and C. L. WILSON. 

“The alkaloids of Anagyris fetida and their relation to the lupin alkaloids.” By H. R. 
ING. 

“The thermal decomposition of phosphine by tungsten and molybdenum.” By H. W. 
MELVILLE and H. L. RoxBurcu. 

“ The action of heat on $-naphthylisopropylamine hydrochloride.” By T. Heap. 

“Strychnine and brucine. Part XXIV. Synthesis of dinitrostrycholamide.” By P. 
HI and R. RoBInson. 

“ Higher aliphatic compounds. Part IV. Systems with ethyl margarate and heptadecyl 
alcohol.”” By (Miss) P. C. CAREY and J. C. SMITH. 

“Influence of poles and polar linkings on the course pursued by elimination reactions. 

Part XV. Dynamics of the elimination of olefines from quaternary ammonium com- 

pounds.” By E. D. HuGueEs and C. K. INGOLD. 
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“Influence of poles and polar linkings on the course pursued by elimination reactions. 
Part XVI. Mechanism of the thermal decomposition of quaternary ammonium 
compounds.”” By E. D. HuGues, C. K. INGOLD, and C. S. PATEL. 

“Influence of poles and polar linkings on the course pursued by elimination reactions. 
Part XVII. Thermal decomposition of phosphonium ethoxides.”” By L. HEy and 
C. K. INGOLD. 

“Influence of poles and polar linkings on the course pursued by elimination reactions. 
Part XVIII. Thermal decomposition of sulphonium hydroxides.”” By C. K. INGotp, 
J. A. Jessop, K. I. Kurryan, and (in part) A. M. M. MANDourR. 

“ Solid-liquid equilibria in the system nitrobenzene-m-dinitrobenzene.”’ 
HammIck and T. K. Hanson. 

“The constitution of the purine nucleosides.’”’ By J. M. GULLAND and T. F. MAcRAE. 

“A synthesis of helminthosporine.” By H. Ratstricx, R. Ropinson, and A. R. Topp. 

“Experiments on the synthesis of substances related to the sterols. Part I. Some 
derivatives of chrysene.”” By G. R. RAMAGE and R. RosInson. 

“ The oxidation of dimethyl zinc.” By H. W. THompson and N. S. KELLAND. 

“Lichen acids. Part V. A synthesis of methyl O-tetramethylgyrophorate.” 
CANTER, A. ROBERTSON, and R. B. WATERS. 

“The lupin alkaloids. Part VII. The structure of lupanine and sparteine.” 
CLEMO and R. RAPER. 

“ Solubility of barium nitrate in water.” 

“ The apparent anomalous lability of the 2-nitro-group in 2 : 3-dinitrotoluene. 
of the reversed field effect." By H. H. HopGson and E. W. Situ. 

“Anthoxanthins. Part XV. Experiments on the synthesis of garcinin.”’ 
son and R. C. SHAH. 

“The preparation and estimation of nitriles of A*- and A*-olefinic acids.” 
LetcH and R. P. LINSTEAD. 

“ Phase-rule equilibria of acid soaps. 
By J. W. McBain and M. C. FIELD. 

“ Phase-rule equilibria of acid soaps. Part III. 
J. W. McBain and A. STEWART. 

“The chemistry of the glutaconic acids. Part XXIII. 
the rate of racemisation of /-trans-xy-dimethylglutaconic acid.”’ 
GERALD and J. PACKER. 

“The methylation of «8-dimethylglutaconic ester.” 

“The nitrosation of phenols. Part XV. Resorcinol mono-n-butyl! ether.” 
Hopeson and H. Cray. 

“Constituents of Filix Mas. 
SANDROCK. 

“Electrometric studies of the precipitation of hydroxides. Part IX. The action of 
ammonia on solutions of mercuric chloride.” By H. T. S. Britton and (Miss) B. M. 
WILSON. 

“‘ Aromatic tropane derivatives. 
By B. K. Biounrt. 


By D. Lt. 


By F. W. 
By G. R. 


By J. A. N. FRIEND and W. N. WuHEarT. 
An example 


By R. Rosin- 
By R. A. 


Part II. Anhydrous acid sodium palmitates.” 


Anhydrous acid potassium oleate.” By 


The catalytic effect of acids on 
By J. S. Fitz- 


By J. PACKER and J. D. SARGENT. 
By H. H. 


By A. ROBERTSON and W. F. 


Part I. Aspidinol.” 


Part I. Derivatives of 8 : 9-benz-A**-homogranatene.”’ 





ADDITIONS TO THE LIBRARY. 


ill. 25s. net. (Recd. 4/4/33.) From Dr. 


I. Donations. 


AMERICAN COMMITTEE ON ELECTROLYSIS. 
Report. New York 1921. pp. 204. ill. $1. 
(Recd. 3/4/33.) From Dr. R. E. W. Mad- 
dison, 

CUMMING, WILLIAM Murpocnu, Hopper, 
IsAAC VANCE, and WHEELER, THOMAS SHER- 
LocK. Systematic organic chemistry. 2nd 
edition. London 1931. pp. xxiv + 556. 


W. M. Cumming. 

CURRENT SCIENCE. Vol.I,etc. Bangalore 
1932 +. (Reference.) From the Biochemical 
Society. 

FriERz-Davip, HAns EDUARD, SCHUSTER, H.., 
and Riscn, K. Die Kunstseide. (From the 
Neujahrsblattes Naturf. Ges. Ztirich, 1930.) 
pp. 77. ill. (Recd. 22/3/33.) From_ the 
Publishers : Herren Fretz & Wasmuth. 
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Fuet Society oF JAPAN. Journal. 
(Nenryo Kyokwai Shi.) Vol. X, etc. Sai- 
tama-Kawaguchi 1931+. [In Japanese, 
English section.] (Reference.) From the 
Bureau of Chemical Abstracts. 

INSTITUT COLONIAL DE MARSEILLE. Bul- 
letin des Matiéres Grasses. Year XVII, etc. 
Marseille 1933+. (Reference.) From the 
Bureau of Chemical Abstracts. 

INSTITUTE OF PHYSICAL AND CHEMICAL 
RESEARCH. Scientific papers. Vol. XV, etc. 
Tokyo 1931 +. (For circulation.) From the 
Bureau of Chemical Abstracts. 

JaPpaN TEXTILE ASSOCIATION. Journal. 
No. 542, etc. Tokyo 1932+. [In Japanese.] 
(Reference.) From the Bureau of Chemical 
Abstracts. 

Lucas, ALFRED. Forensic chemistry and 
scientific criminal investigation. 2nd edition. 
London 1931. pp. 324. 18s. net. (Recd. 
20/3/33.) From Professor C. S. Gibson, 
O.B.E., F.R.S. 

Molssan, HENRI. 
INDUSTRIELLE. 

PAPER-MAKER AND BRITISH PAPER TRADE 
JournaL. Vol. LXXXIV, etc. London 
1932 +. (Reference.) From the Bureau of 
Chemical Abstracts. 

PAPER TRADE JOURNAL. Vol. XCV, etc. 
East Stroudsburg, Pa., 1932 +. (Reference.) 
From the Bureau of Chemical Abstracts. 

REALE ACCADEMIA D'ITALIA. Fondazione 
Alessandro Volta. Viaggi di studio ed esplor- 
azioni. I. Roma 1933. pp. 76+ iv. ill. 
(Reference.) L.8. From the Academy. 

[SoclETE DE CHIMIE INDUSTRIELLE.] Hom- 
mage a Henri Moissan. 4 October 1931. 
Paris 1932. pp. 94. ill. (Recd. 7/4/33.) 
From the Comité d’Organisation. 

SocIETE FRANGAISE DE PHOTOGRAPHIE ET 
DE CINEMATOGRAPHIE. Bulletin de Photo- 
grammétrie. Year II, etc. Paris 1932 +. 
(Reference.) From the Bureau of Chemical 
Abstracts. 

WERTH, A. VAN DER. Besondere Verfahren 
zur Herstellung von Seife. Berlin 1933. pp. 
56. ill. M.5. (Recd. 22/3/33.) From the 
Publishers : Allgemeiner Industrie Verlag. 


II. By Purchase. 


BACHER, RosBert F., and GouDsmMIT, 
SAMUEL. (Compilers). Atomic energy states 
as derived from the analyses of optical spectra. 
New York 1932. pp. xiv + 562. $6. (Recd. 
6/4/33.) 

CAMERON, ALEXANDER THOMAS, and GIL- 
mour, C. R. The biochemistry of medicine. 
London 1933. pp. x 4- 506. ill. 21s. net. 
(Recd. 6/4/33.) 


See SOCIETE DE CHIMIE 


HANDBUCH DER CHEMISCH-TECHNISCHEN 
APPARATE MASCHINELLEN HILFSMITTEL UND 
WERKSTOFFE. Edited by AvuGust JEAN 
KIEsER. Part I, etc. Leipzig 1932 +. 
(Reference.) 

HAND- UND JAHRBUCH DER CHEMISCHEN 
Puysik. Edited by ARNOLD EUCcKEN and 
Kart L. Worr. Vol. VIII. Part 3. Dre- 
hung der Polarisationsebene des Lichtes. By 
WERNER KuHN and KARL FREUDENBERG. 
Leipzig 1932. pp. 142. ill, M. 12.80. 
(Recd. 6/4/33.) 

REILLY, JOSEPH, and Rar, WILLIAM Nor- 
MAN. Physico-chemical methods. 2nd edi- 
tion. London 1933. pp. xvi-+ 822. ill. 
42s. net. (Recd. 6/4/33.) 

TAMMANN, Gustav. Lehrbuch der Metall- 
kunde. 4th edition. Leipzig 1932. pp. 
xvi + 536. ill. M. 49.50. (Recd. 21/3/33.) 

TANNER, FRED WILBUR. The _ micro- 
biology of foods. Champaign, IIll., 1932. pp. 
viii + 768. ill. $7.50. (Recd. 6/4/33.) 


III. Pamphlets. 
BERRY, Puitip A., and SwANson, THOMAS 


B. Notes on the physical constants of cineol 
(From the 


in relation to its degree of purity. 
Australasian J. Pharm., 1932.) 

The determination of cineol in 
eucalyptus oil. A critical comparison. Syd- 
ney 1932. pp. 15. 

BunzELL, H. H., ForsBes, Marion, and 
SHERMAN, REBECCA. On rope prevention. 
(From the Arkady Rev., 1932.) ill. 

Davis, WILLIAM LEwis. The distribution 
of nitrogen in milk with reference to the solids- 
not-fat content. (From the J. Dairy Sci., 
1932, 4.) 

DojMi DI DELUPIUsS, SERAFINO. Esperienze 
di concimazione ammoniacale e nitrica al 
frumento. (From the Ann. Tech. Agraria, 
1932, 5.) ill. 

EpER, JoseF Maria. Photometrie der 
Quecksilberquarzlampe. (From the  Sitz. 
Akad. Wiss. Wien, Math.-nat. Klasse, 1922, 
IIa, 131.) 

ELECTRICITY COMMISSION. Report on the 
measures which have been taken in this coun- 
try and in others to obviate the emission of 
soot, ash, grit, and gritty particles from the 
chimneys of electric power stations. London 
1932. pp. 58. ill. 

GRISONDI, Marta. Sul comportamento 
degli oli alla luce di wood. (From the Ann. 
R. Siaz. Chim. Agrar. Sperim., 1931, [ii], 18.) 

Hanus, O. Methods of determining the 
asphalt content of crude oils. (From Chem. 
Listy, 1921, 15.) [In Czech. English sum- 


mary.] 








FORTHCOMING MEETINGS IN LONDON. 


Thursday, May 4th, at 8 p.m. 





Ordinary Scientific Meeting. 


Thursday, May 18th, at 8 p.m. 





Ordinary Scientific Meeting. 


Thursday, May 25th, at 5.30 p.m. 





The Sixth Hugo Miiller Lecture, entitled “‘ Chemistry at the Cross Roads,” will be 
delivered by Professor H. E. Armstrong, LL.D., F.R.S., in the Meeting Hall of the 
Institution of Mechanical Engineers, Storey’s Gate, S.W. 1. 





FORTHCOMING MEETINGS OUTSIDE LONDON. 


Friday, May 5th, at 5.15 p.m. 





Extra Meeting arranged jointly with the University College of North Wales (Bangor) 
Chemical Society in the Chemistry Lecture Theatre, Memorial Science Buildings, Bangor. 
A lecture entitled “‘ The Chemistry of Gold” will be given by Professor C. S. Gibson, 
O.B.E., M.A., Sc.D., F.R.S. 


Friday, May 12th, 4-6 p.m., and 8-10 p.m. 





At the invitation of the Chemistry Department of the University of Leeds, the Society 
has arranged a discussion at Leeds on “ Substitution in Aromatic Systems.’ Professor 
G. T. Morgan (President) will preside, and Professor R. Robinson, Professor C. K. Ingold, 
Professor G. M. Bennett, and others will take part. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, May 4th, 1933, at 8 p.m., Professor G. T. 
MorGANn, O.B.E., D.Sc., F.R.S., President, in the Chair. 
The PRESIDENT referred to the loss sustained by the Society, through death, of the 
following Fellows : 
Elected. Died. 


Samuel Anthony Goldschmidt April 4th, 1879. Jan. 28th, 1933. 
Richard Hornby Feb. 15th, 1894. Mar. 9th, 1933. 
William Harrison Martindale Apr. 30th, 1902. Apr. 8th, 1933. 
Thomas Cunningham Porter Dec. 18th, 1904. Mar. 3lst, 1933. 
Mortyn John Salter June 25th, 1871. Apr. 16th, 1933. 


The PRESIDENT announced that the following Committees for 1933—1934 had been 
appointed by the Council : 


Finance and General Purposes Committee : E. F. Armstrong, F. P. Dunn, G. T. Moody, 
R. H. Pickard, Sir William J. Pope, W. Rintoul, Sir Robert Robertson, N. V. Sidgwick, 
the Officers, and the Chairman of the Library Committee and of the Publication Committee. 
The President as Chairman, Treasurer as Vice-Chairman, and the Assistant Secretary as 
Secretary. 

Library Committee: C. R. Bailey, H. Bassett, J. J. Fox, T. A. Henry (Chairman), 
C. K. Ingold, W. H. Mills, H. Terrey, J. C. Withers, and the Officers, together with repre- 
sentatives of contributing Societies, with the Librarian as Secretary. 

Publication Committee: H. E. Armstrong, G. M. Bennett, H. M. Dawson, H. W. 
Dudley, F. P. Dunn, A. C. G. Egerton, H. J. T. Ellingham, G. I. Finch, J. J. Fox, W. E. 
Garner, C. R. Harington, W. N. Haworth, I. M. Heilbron, J. T. Hewitt, C. N. Hinshel- 
wood, J. Kendall, J. Kenner, R. P. Linstead, T. M. Lowry, W. H. Mills, J. R. Partington, 
J.C. Philip (Chairman), F. M. Rowe, S. Smiles, T. W. J. Taylor, J. F. Thorpe, W. Wardlaw, 
and the Officers, with the Editor as Secretary. 

Research Fund Committee: J. E. Coates, F. E. Francis, R. Whytlaw-Gray, I. M. Heil- 
bron, J. Kendall, T. M. Lowry, J. R. Partington, R. Robinson, J. F. Thorpe, and the 
Officers, with the Assistant Secretary as Secretary. 

Forms of Recommendation were read for the first time in favour of : 


Cecil Morris Bean, B.Sc., 27, The Avenue, Lowestoft. 

Robert David Blair, Ph.D., Eastleigh, Drymen Road, Bearsden, Glasgow. 

Dudley Ross Chesterman, M.Sce., A.R.C.S., Woolwich Polytechnic, S.E. 18. 

Jack Blatchley Harrison, B.Sc., 29, East View, Yeadon, Leeds. 

Gilbert Spencer Hartley, M.Sc., 14, Swains Lane, N. 6. 

Randal George Arthur New, B.A., D.Phil., Belmont House, North Avenue, Mickleover, Derby. 
Joseph Beatty Parke, M.Sc., 68, Bawnmore Road, Belfast. 

John Barnabas Price, B.Sc., Barford Rectory, Warwick. 


Dr. A. Bramley and Dr. J. W. Cook were elected Scrutators, and a ballot for the election 
of Fellows was held. The following were subsequently declared elected : 


John Harold Andrew, D.Sc. William Power Charles Clifford. 

Stanley Astin, B.Sc., A.R.C.S. Robert Gillies Muir Dakers, B.Sc., F.1.C. 
Max Bergmann. Roderick Langton Douglas, B.A., B.Sc. 
William Charles Bickley, B.A. William Robert Dracass, B.Sc. 

Caleb Binns. Stanley George Foord, B.Sc. 

Neil Campbell, B.Sc., Ph.D. Oliver Gatty, B.A. 
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Nathan Goldenberg. Peter John Markham. 

Alan Conrad Griineberg. Ralph John Basil Marsden, M.Sc. 

Andrew Henderson, M.A., B.Sc. Roger Christopher Murray, B.Sc. 

Izrael Hieger, B.Sc. William Stewart Patterson, Ph.D., M.Sc., 
Arthur Henry Hughes, B.A. ) Pd ol 

Edith Ellen Humphrey, B.Sc., Ph.D. Harold Raistrick, Sc.D., D.Sc. 

Elias Isaacs. Edwin Brew Robinson, M.Sc. 

Arthur David Jones. Maurice Arthur Thorold Rogers, B.Sc. 
George William Kendall. Oden Elbridge Sheppard, A.M., Ph.D. 
William Anthony Kirkby, M.Sc., Ph.D., F.I.C. Sidney Stephens, A.R.C.S. 

Otto Kyas. Eric Maurice Stoddart, B.Sc. 

Marcus Nicholas Leathwood, M.Sc. Ernest Taylor, M.Sc., A.I.C. 

Dorothy Jordan Lloyd, M.A., D.Sc. Kenneth Trouern Trend, B.Sc. 

Hakon Lund, Dr.Phil. Thomas Sherlock Wheeler, B.Sc., Ph.D., F.1.C 
Walter Penman McCulloch, B.Sc. Max Wyler, Ph.D. 

Léo Edmond Marion, M.Sc., Ph.D. 


The following papers were read : 


‘“‘ The energetics of catalysis. PartI. The energetic homogeneity of a platinum surface.” 
By E. B. MAxTED and G. J. LEwis. 

“Influence of poles and polar linkings on the course pursued by elimination reactions. 
Part XV. Dynamics of the elimination of olefins from quaternary ammonium com- 
pounds.”” By E. D. HuGues and C. K. INGOLD. 

“Influence of poles and polar linkings on the course pursued by elimination reactions. 
Part XVI. Mechanism of the thermal decomposition of quaternary ammonium 
compounds.” By E. D. HuGues, C. K. INGoLD, and C. S. PATEL. 

“Influence of poles and polar linkings on the course pursued by elimination reactions. 
Part XVII. Thermal decomposition of phosphonium ethoxides.’”’ By L. HEy and 
C. K. INGOLD. 

“The dielectric constants of some organic liquids.’” By S. SUGDEN. 





Ordinary Scientific Meeting, Thursday, May 18th, 1933, at 8 p.m., Professor G. T. 
MorGAn, O.B.E., D.Sc., F.R.S., President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, through death on November 
3rd, 1931, of Henry Garnett, who was elected a Fellow of the Society on December 7th, 1893. 

The PRESIDENT announced that :— 


1. A copy of the Thomson Medal, awarded for chemistry at King’s College, London, 
had been presented to the Society by Professor S. Smiles and Professor A. J. Allmand. 

2. The Council had received an anonymous donation of £20 to the General Funds of 
the Society. 

3. A communication had been received from the Committee of the Van ’t Hoff Fund 
for the endowment of research in pure and applied chemistry. The amount from this 
fund available for distribution during 1934 is about 1200 Dutch guilders. 


A Committee consisting of Professor A. F. Holleman (President), Professor F. M. 
Jaeger, Professor A. Smits, and Professor J. P. Wibaut (Secretary) has been appointed to 
award grants. Applications should be sent before November Ist, 1933, by registered post 
to: “Het Bestuur der Koninklijke Akademie van Wetenschappen, bestemd voor de 
Commissie van het van ’t Hoff-fonds, Trippenhuis, Klovenierburgwal, Amsterdam.” 
Every applicant is requested to submit a detailed account of the manner in which he 
proposes to expend the grant and to state the reasons for which he makes his application. 
Papers embodying the results of the research may be published in any journal, but acknow- 
ledgment must be made of the source of the grant. Copies of papers containing the 
results of the research must be forwarded to the Committee. 


The following were formally admitted Fellows of the Society: Carleton Ellis, A. R. 
Ubbelohde, J. A. V. Butler, A. C. Griineberg, A. D. Jones, A. R. Martin, W. J. C. Dyke. 
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The following papers were read : 
“ The oxidation of zinc dimethyl.” By H. W. THompson and N. S. KELLAND. 
“Explosions of methane and air: propagation through a restricted tube.” By H. 
ROBINSON and R. V. WHEELER. 
“ The free energy of the normal aliphatic alcohols in aqueous solution.” By J. A. V. 
BuTLer, D. W. THomson, and W. H. MACLENNAN. 





Ordinary Scientific Meeting held at Leeds University on Friday, May 12th, 1933. 

Sir James B. Baillie, O.B.E., M.A., LL.D., Vice-Chancellor of the University of Leeds, 
held a Reception for Fellows and Visitors before the Meeting. 

At 4 p.m., the President, Professor G. T. Morecan, O.B.E., D.Sc., F.R.S., took the 
Chair, and welcomed the visitors present. 

The following were admitted Fellows of the Society : R. Whytlaw-Gray, D. Holroyde 
Hey, C. W. Shoppee, R. B. Forster, H. M. Dawson, Glyn Owen, M. A. T. Rogers, Dora A. 
Duff, G. W. Kendall, Wilfred B. Orr, C. G. Lyons, W. A. Waters, C. Binns. Fred Fair- 
brother, R. Gawler, G. N. Burkhardt, R. D. Haworth, C. Higginbottom, H. E. Goodson, 
O. V. Richards, A. M. Robinson, Arthur E. Everest, W. R. H. Hurtley, D. Ward, J. S. H. 
Davies, W. Cocker, W. J. Stansfield. 


Forms of Recommendation for Fellowship were read for the first time in favour of : 


Edward Auty Coulson, M.A., M.Sc., D.Phil., 28, Sandy Lane, Teddington. 
Joshua Craven Gregory, B.Sc., F.1.C., 3, Oak Villas, Bradford. 

Esmond John Whitelock, Saint Maur, Dora Street, Hendra, Brisbane, 
Harold Francis Wilmut, B.A., Caterham School, Caterham. 


The following Form of Recommendation has been accepted by the Council under Bye- 
Law I (2): 
Norman Jackson Harrar, Prof., M.S., Ph.D., 348, Yandes Street, Franklin, Indiana, U.S.A. 


The PRESIDENT then called on Professor G. M. Bennett to open the discussion on 
“‘ Substitution in Organic Compounds ”’ by giving his paper on “‘ The Influence of Nuclear 
Halogens on Side-Chain Reactivity.” This was followed by a paper by Professor R. 
Robinson (read by Dr. J. C. Smith on account of Professor Robinson’s unavoidable absence 
from the earlier part of the meeting) on “ Electronic Displacements and Activation in 
Simple and Conjugated Unsaturated Systems,” and by a paper on “ The Effect of Nuclear 
Halogens on Triad Prototropic Systems,” by Dr. C. W. Shoppee. A discussion then ensued, 
in which Dr. G. N. Burkhardt, Mr. M. G. Evans, Professor R. Robinson, and Professor 
G. M. Bennett took part. 

The Meeting adjourned for dinner in the Refectory of the University at 6.15, and 
reassembled at 8.30, when Professor C. K. Ingold read a paper on “ The Significance of 
the Reactions of Aromatic Compounds in Electronic Theories of Reactivity.” This was 
followed by papers on “‘ Anomalies in the Reactivities of Side-Chain Halogens,’’ by Dr. 
J. W. Baker, and “ Substitution of Halogens in Aliphatic Ions and Molecules,”’ by Professor 
H. M. Dawson. The discussion was continued by Professor J. Kenner, Professor A. 
Lapworth, and Professor R. Robinson. 

The PRESIDENT, in closing the meeting, expressed the thanks of the Society to the 
Fellows resident in Leeds and the district for their cordial reception of the visiting Fellows, 
and especially to Professor R. Whytlaw-Gray, Professor H. M. Dawson, and Professor 
F. Challenger for the accommodation provided, and to Mr. H. S. Patterson for the work of 
organisation. 





Extra Meeting at Bangor on May 5th, 1933. Professor J. L. SIMONSEN, D.Sc., F.R.S., 
in the Chair. 

In the course of his opening remarks, Professor Simonsen read a letter received from 
the President, conveying his good wishes and welcome to Fellows and visitors. 
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The Lecture on the Chemistry of Gold, given by Professor C. S. Gibson, F.R.S., dealt 
with co-ordination compounds of gold and included a summarising account of relevant 
work carried out by the Lecturer and his co-workers. Following a discussion, a vote of 
thanks to Professor Gibson was proposed by Mr. E. W. Lewis, seconded by Dr. F. G. 
Soper, and carried with acclamation. 





Extra Meeting held jointly with the Students’ Chemical Society of the University 
College of Swansea on Thursday, May 11th, 1933, in the College Chemistry Lecture Theatre, 
Professor J. E. CoaTEs, O.B.E., D.Sc., in the chair. 

Professor Coates referred briefly to the new scheme under which this was the first 
meeting, and read a telegram from the President wishing success to the meeting. 
Professor W. N. Haworth, F.R.S., then delivered a lecture entitled ‘‘ The Development 
of the Structure of Carbohydrates.” 

Beginning at the point where Fischer terminated his researches on the monosaccharoses, 
Professor Haworth dealt with the modern conception of the structure of the carbohydrates, 
pointing out how the proof of the presence of a cyclic structure in the monosaccharoses has 
greatly simplified the problem of visualising these compounds, especially with the poly- 
saccharoses. He then proceeded to outline the methods by which the number of hexose 
nuclei in a complex polysaccharose could be estimated, and finally gave an account of 
the recent work upon the elucidation of the structure of ascorbic acid, which has the 
antiscorbutic properties of vitamin-C. 

A vote of thanks to Professor Haworth was proposed by Mr. E. E. Ayling, seconded by 
Dr. H. B. Watson, and supported by Mr. J. B. Hutchinson and Mr. John Pryde. 





List of Papers, or Abstracts thereof, received between April 10th and May 18th, 1933. 
(This List does not include the titles of papers, or abstracts thereof, which have been read at 
an Ordinary Scientific Meeting, or which have appeared in the Journal.) 


“‘ The structure of the sterols and bile acids.” By I. M. HEILBRon, J. C. E. Smmpson, and 
F. S. SPRING. 

“Yohimbine (Quebrachine). Part IV. Harman, a degradation product.” By G. 
BARGER and C. SCHOLZ. 

‘“‘ Preparation of hexadecanesulphonates.”’ By R. C. Murray. 

“ Acid salts of monobasic organic acids. Part I.” By J.D.M. Ross and T. J. Morrison. 

“The simultaneous synthesis of 2 : 3 : 4-trimethylglucose and 2 : 3 : 6-trimethylglucose.” 
By G. J. ROBERTSON. 

‘“‘ Some 4-styrylcoumarins.” By H. S. MAHAL and K. VENKATARAMAN. 

“An investigation of the constitutions of some phosphorous derivatives of triphenyl- 
methane.” By H. H. Hartt. 

“The action of phosphoryl chloride on the toluene-f-sulphonyl derivative of §-anilino- 
propionic acid.” By O. G. BACKEBERG. 

“‘ Optical superposition and the 4 : 6-benzylidenemethylglucosides.” By D. S. MATHERS 
and G. J. ROBERTSON. 

“The photochemical union of chlorine and hydrogen in the presence of oxygen, and the 
relative rates of formation of water and hydrogen chloride in illuminated mixtures of 
the three gases rich in oxygen.” By D. L. CHAPMAN and J. S. WATKINS. 

“ Atisine. Part I.” By J. P. C. CHANDRASENA. 

“ The influence of solvents and of other factors on the rotation of optically active com- 
pounds. Part XXXI. The rotation-dispersion of the nitrobenzyl tartrates.” By 
T. S. Patrerson and D. McCreEatu. 

“ The synthesis and properties of 2-iodo-l-vinylacetylene.” By T. H. VAuGHN and J. A. 
NIEUWLAND. 
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“ The action of chlorine upon the nitrophenylazoacetoacetates.’ 
and D. R. ASHWORTH. 

“The electric dipole moments of nickel carbonyl, di-iodoacetylene, diethyl sulphide, 
diethylsulphone, and decalin.” By L. E. Sutton, R. G. A. NEw, and J. B. 
BENTLEY. 

“The existence of aromatic bisnitroso-compounds of the type R4N,0,R1.” By D. LI. 
Hammick, W. A. M. Epwarps, W. S. ILLINGWorTH, and F. R. SNELL. 

“Some new co-ordination compounds of chromic chloride.” By D. R. CHESTERMAN,. 

“ The rotatory dispersion of organic compounds. Part XXI. Cyclic derivatives of tar- 
taric and malic acids.”” By B. JONEs. 

“ The reactivity of some resorcinol monoalkyl ethers towards certain typical diazonium 
compounds.” By H. H. Hopcson and H. Cray. 

“ Further studies on the formation of oxynitrates of lead in molten salts.” By (Miss) D. 
FREEMAN, K. LAYBoURN, and W. M. MADGIN. 

“ The oxidation of zinc diethyl.” By H. W. THompson and N. S. KELLAND. 

“ The determination of dissociation constants of monobasic acids.” By D. J. G. IvEs. 

“ Metabolic oxidation and radiation.”” By M. CoPpIsaRow. 

“ Benzoylphenacyl carbinol.” By H. W. DuDLEy and S. OcHoa. 

“Reactions of olefinic compounds. Part II. The orienting influence of the carboxyl 
group.” By G. F. BLoomFiELp, E. H. FARMER, and C. G. B. Hose. 

“Volume effects of alkyl groups in aromatic compounds. Part I. Influence of 2 : 6-di- 
nitration on a group —CR,R,Alk.” By R. J. W. LE FEvre. 

“ Volume effects of alkyl groups in aromatic compounds. Part II. Influence of a group 
—CR,R,Alk on vicinal substitution.” By R. J. W. LE FEvre. 

“ Halogen derivatives of dehydro-2-naphthol-l-disulphide.” By J. A. C. McCLELLAND 
and S. SMILES. ; 

“‘ The detection of adsorbed gas films on heated filaments.’”’ By G. VAN PRAAGH. 

“‘ Synthetical experiments in the chromone group. Part VIII. Derivatives of o-hydroxy- 
acetophenone, 2: 5-dihydroxyacetophenone, and 2: 4: 5-trihydroxyacetophenone.” 
By T. C. CHADHA and K. VENKATARAMAN. 

‘“ The kinetics oi the decomposition of the dichlorosuccinic acids.”” By H. V. W. RoBINSON 
and D. T. Lewis. 

“ The electrical conductivities of liquid mixtures of phenol-aniline, phenol—p-toluidene, and 
phenol—m-cresol.”” By O. R. Howe t and H. G. B. RoBINson. 

“New derivatives of hydroxymethoxysuccinic and methoxymalonic acids.”’ By J. 
PRYDE ana R. T. WILLIAMS. 

“ The structure of theophylline /-arabinoside.” By J. PRYDE and R. T. WILLIAMs. 

“Mercury derivatives of camphor. Part I. The constitution of Reychler’s acid.” By 
J. D. Loupon. 

‘“‘ Mechanism of substitution in organic compounds. Elimination of bromine from bromo- 
acetic acid and the bromoacetates.”” By H. M. Dawson and N. B. Dyson. 

“ The system anthracene—phenanthracene.” By G. BRADLEY and J. K. MARSH. 

“ The velocity of ionic reactions.” By D. T. Lewis. 

“ The effect of acetaldehyde on the conductivities of electrolytes in ethyl alcohol.” By 
D. N. CLark, O. Gatry, O. L. HuGHEs, and (Str) H. B. HARTLEY. 

‘« Synthesis of substances analogous to bile acid degradation products. Part II. Synthesis 
of some straight chain polycarboxylic esters.’”’ By J. W. BAKER. 

“‘ Synthesis of substances analogous to bile acid degradation products. Part III. The 
attempted use of diallyl as an agent to introduce the requisite side-chain in the synthesis 
of the acid C,3H,)O,.” By J. W. BAKER and H. Burton. 

“ Note on the decomposition of triethylsulphonium bromide.” By D. T. Lewis. 

“ Contributions to the knowledge of heterocyclic ketones. Part I. {$-Amino-ketones and 
related pyrazolines derived from benzal- and furfural-acetone.”” By H. B. NisBet and 
C. G. GRAY. 

“‘ Some new types of chelated platinammines.” By H. D. K. Drew and H. J. TREss. 


, 


By F. D. Cuattaway 
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“ Equilibria in the systems (NH,),SO,-NiSO,-H,O, (NH,),SO,-CoSO,-H,0, (NH,),SO,- 
ZnSO,-H,O, Na,SO,-NiSO,-H,O, and Na,SO,-CoSO,-H,O, at 25°.” By R. M. 
CAVEN and W. K. GARDNER. 

“ The so-called 1 : 2-dihydropapaverine.” By J. S. Buck. 

“ The four dinitrodimethyl-p-anisidines.” By H. H. Hopcson and J. H. Crook. 

“ Conductivity in the three-component system oleic acid—potassium oleate-water.’’ By 
J. W. McBain and A. STEWART. 

“The system magnesium chloride—lime-water.”” By C. R. Bury and E. R. H. DAviEs. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE BALLOT WILL 
BE HELD AT THE ORDINARY SCIENTIFIC MEETING ON THURSDAY, 
JUNE Ist, 1933. 

BEAN, Cectt Morris, 27, The Avenue, Lowestoft, South. British. Research Student. 
B.Sc. (London). Organic Research Student under direction of Drs. J. Kenyon and H. Phillips 
at Battersea Polytechnic (for past 18 months). Date of birth Mar. 14th, 1911. (Signed by) 
Henry Phillips, J. Kenyon, A. Houssa. 

BENGER, MICHAEL, The Pointings, Selborne Road, Croydon. English. B.A., Cambridge. 
Research student in Organic Chemistry. (Signed by) E. D. Hughes, O. L. Brady, R. J. W. 
Le Févre. 

Biair, Rosert Davin, “ Eastleigh,’ Drymen Road, Bearsden, Glasgow. British. 
Carnegie Teaching Fellow. B.Sc. (Glasgow), Ph.D. (Glasgow). Assistant, Glasgow University, 
1929-32; Carnegie Teaching Fellow, 1932— (Signed by) G. G. Henderson, John A. Mair, 
Alfred Russell. 

CHESTERMAN, DuDLEY Ross, 123, Bulverhythe Road, St. Leonards-on-Sea, Sussex. British. 
Lecturer in Chemistry, Woolwich Polytechnic. M.Sc. (London). A.R.C.S., D.I.C. Date of 
birth April 27th, 1909. (Signed by) H. B. Baker, James C. Philip, M. A. Whiteley. 

Coutson, Epwarp Auty, 28, Sandy Lane, Teddington, Middlesex. English. Research 
Chemist. M.A., D.Phil. (Oxon.); M.Sc. (London). Author or joint-author of papers in the 
Journal, 1926, 1070; 1927, 577; 1928, 1080, 1361; 1929, 2203, 2551; 1930, 1931; 1931, 2323. 
(Signed by) D. D. Pratt, G. T. Morgan, F. H. Burstall. 

Davies, Witt1aAm Harris, 58, King Street, Wallasey, Cheshire. British. Chemistry 
Research Student. B.Sc. Hons., Liverpool. Research work on glycerol ethers and vitamin A, 
for Ph.D. thesis. J.C.S., 1933, 165. Date of birth Feb. 22nd, 1911. (Signed by) I. M. Heilbron, 
R. A. Morton, Wm. Doran. 

DuxBury, SAMUEL, The Bungalow, Summerhouse Hill, Cardington, Bedfordshire. British. 
Chemist and Manager (Bedford Corporation Sewage Purification Works). (Member Institute 
Sewage Purification.) Experimental work in the use of tar oils as fuel for Diesel engines. 
Preliminary treatment of trade wastes, spent gas liquors, etc. Treatment of admixtures, 
sewage and trade wastes. (Signed by) P. G. Lloyd, Frank Hindle, Cecil B. O. Jones. 

Gay, Puittp JAMEs, 79, Alderson Road, Alum Rock, Birmingham. British. Chemist. 
B.Sc. (London). Engaged in research in the paint and varnish industry. Publication: 
J S.C.1I., 1932, 51, 1267-1297. (Signed by) C. H. Cheesman, J. Outram Cutter, L. A. Jordan. 

GREGORY, JOSHUA CRAVEN, 3, Oak Villas, Bradford, Yorkshire. English. Lecturer in 
Chemistry, University of Leeds. B.Sc. (Lond.), F.I.C. Teaching and analytical work. 
Author of Friend’s ‘‘ Text-Book of Chemistry,” III, 2 (jointly), “‘ The Scientific Achievements 
of Sir Humphry Davy,” and “ A Short History of Atomism.” (Signed by) R. Whytlaw-Gray, 
H. S. Patterson, F. L. Usher. 

HARRISON, JACK BLATCHLEY, 29, East View, Yeadon, Nr. Leeds. British. Ph.D. Research 
Student at Leeds University. B.Sc. Ist class honours in Chemistry at Leeds. Have studied 
three years for an honours degree in Chemistry. Am now in my first year of research for a 
Ph.D. degree with Professor Challenger. Date of birth Jan. 3rd, 1911. (Signed by) W. A. 
Wightman, J. W. Baker, E. Rothstein, Frederick Challenger. 

HARTLEY, GILBERT SPENCER, 14, Swains Lane, N.6. British. Assistant Lecturer in 
Chemistry (University College, London). B.Sc., M.Sc., London (University College). Research 
on electrolyte and colloidal electrolyte solutions, especially diffusion. Tvans. Faraday Soc., 
1931, 27, land 10; Phil. Mag., 1931, 12, 473; (with C. Robinson) Proc. Roy. Soc., 1931, A., 134, 
20; (with J. L. Moilliet), ibid., 1933, 140, 141. (Signed by) Conmar Robinson, Henry Terrey, 
C. R. Bailey. 
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HupswELL, FreEpD, 140, Holystone Crescent, High Heaton, Newcastle-on-Tyne, 6. British. 
Chemist to Messrs. Thomas Hedley & Co., Ltd., Newcastle-on-Tyne. B.A., Cantab. Studied 
for Parts I & II of Nat. Sci. Tripos at Cambridge. Research student in organic chemistry for 
one year under direction of Dr. W. H. Mills. Now foreman of laboratory at Messrs. Hedley’s, 
Newcastle. (Signed by) W. H. Mills, R. G. W. Norrish, G. H. J. Neville. 

Jounston, EpitH FLoRENCE, 215, Milkwood Road, Herne Hill, S.E. 24. British. Student 
at University College, London. I desire to attend the meetings, receive the Journals and use 
the Library of the Chemical Society. Date of birth June 20th, 1913. (Signed by) W. Rogie 
Angus, Henry Terrey, L. F. Gilbert. 

Jones, WILLIAM Epwarp, 15, Rossmore Gardens, Anfield, Liverpool, 4. British. Research 
Chemist. B.Sc. (lst Class Hons.) (Liverpool University). Two years’ research work on the 
unsaponifiable matter of fish-liver oils, for Ph.D. J.C.S., 1933, 165. Date of birth April 5th, 
1909. (Signed by) I. M. Heilbron, R. A. Morton, Wm. Doran. 

LAWRENCE, CyrRIL ALEc, 111, Victoria Park Road, S. Hackney, E.9. British. Laboratory 
Assistant, St. Olave’s and St. Saviour’s Grammar School. Have held above position for four 
years, during which I have studied at the Sir John Cass Institute for B.Sc. (Hons. Chem.), 1933. 
I am desirous of receiving the Journal and Abstracts to keep in touch with modern work and to 
have use of library for work for higher degrees. (Signed by) E de Barry Barnett, Henry J. S. 
Sand, A. M. Ward. 

MELCHETT OF LANDFORD, Mulberry House, Smith Square, S.W.1. Director, Imperial 
Chemical Industries, Ltd. (Signed by) G. T. Morgan, W. J. Pope, J. C. Irvine, F. G. Donnan. 

Morris, CoLin JOHN OWEN RHONABWI, 4, Milton Chambers, Cheyne Walk, Chelsea, S.W. 10. 
British. Research Student. M.Sc. (Wales). In order to obtain the Journal and Abstracts, 
and to attend meetings of the Society. Davies and Morris, ].C.S., 1932, 2880. (Signed by) J. 
Masson Gulland, Ida Smedley Maclean, Thomas F. Macrae. 

New, RanpaL GEORGE ARTHUR, Belmont House, North Avenue, Mickleover, Derby. 
British. Research Chemist. B.A., Oxford (1930); D.Phil., Oxford (1932). I have investigated 
the structure of the isocyanides by means of the parachor and dipole moment, and of the nitroso- 
compounds by the dipole moment; references below. Baker and New (note), J.C.S., 1930, 
1274; Hammick, New, Sidgwick, and Sutton, ibid., 1930, 1876; New and Sutton, 7bid., 1932, 
1415; Hammick, New, and Sutton, ibid., 1932, 742. (Signed by) D. Ll. Hammick, N. V. Sidg- 
wick, T. W. J. Taylor, L. E. Sutton. 

PARKE, JOSEPH Beatty, 68, Bawnmore Road, Belfast, Northern Ireland. British. B.Sc. 
{ist Hons.), M.Sc., Queen’s University, Belfast. Post-graduate research student. Date of birth 
June 28th, 1909. (Signed by) A. W. Stewart, H. Graham, J. K. Marsh. 

PowELL, LEONARD Epwarp Barton, 39, Percy Road, Hampton, Middlesex. British. 
Schoolmaster. B.Sc., London (Birkbeck College). Research Student in Chemistry at Birk- 
beck College. (Signed by) S. Sugden, George W. Ferguson, F. Barrow. 

PricE, JOHN BarNaABAs, Barford Rectory, Warwick. British. Chemist. B.Sc., Birming- 
ham. Articled Pupil to Mr. F. G. Thompson. F.C.S., Public Analyst of Walsall, 1924-27; 
Research work on water analysis under Dr. Ashley Cooper of Birmingham University, 1930-31; 
Voluntary Assistant to Dr. A. F. Wright in the Clinical Biochemical Dept. of Coventry Hospital. 
(Signed by) W. N. Haworth, Wm. Wardlaw, W. J. Hickinbottom. 

Reap, EpitH Maryjoriz, 64, Cambridge Street, Camberwell, S.E. 5. British. Student at 
University College, London. I wish to use the library, attend the meetings and receive the 
publications of the Society. Date of birth June 23rd, 1912. (Signed by) Henry Terrey, B. 
Topley, J. N. E. Day. 

SAGE, THOMAS JAMES, 246, Victoria Park Road, South Hackney, E.9. English. Works 
Chemist (Lewis Berger & Sons, Homerton). Fifteen years’ plant control and research (azo 
dyestuffs, printing ink lakes and general fine colours). (Signed by) E. D. Griffiths, L. J. 
Couzens, Harold Toms. 

TRENT OF NotTINGHAM, Lenten House, Nottingham. English. Chairman, Boots Pure 
Drug Co., Ltd. (Signed by) G. T. Morgan, J. C. Irvine, W. J. Pope, F. G. Donnan. 

WANSBROUGH-JONES, OwEN Happon, Trinity Hall, Cambridge. British. Fellow of 
Trinity Hall. M.A., Ph.D., Cambridge. Physical chemical publications in the Proceedings 
of the Royal Society and the Zeitschrift fiir Physikalische Chemie. (Signed by) Eric K. Rideal, 
H. McCombie, R. G. W. Norrish, T. M. Lowry. 

WHITELOCK, EsMonp Joun, “‘ Saint Maur,’ Dora Street, Hendra, Brisbane, Queensland, 
Australia. British. Factory Manager. Associate of Sydney Technical College (Chemistry), 
1927. Associate of Australian Chemical Institute, 1928. Junior Chemist, Parke Davis & 
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Co., Sydney, 1921-1923. Chemist and Departmental Manager, Holbrooks (Australasia), Ltd., 
1923-1929. Factory Manager, R. M. Gow & Co., Pty., Ltd., Brisbane, 1929 to date. In 
conjunction with Mr. F. R. Morrison, A.S.T.C., A.A.C.I., F.C.S., was awarded the Sydney 
Technical College Chemical Society’s Prize for the best paper contributed during 1931. The paper 
was entitled “‘ Notes on the Chemistry of Two Species of Prickly Pear Growing in N.S.W.” 
(Signed by) L. S. Bagster, R. W. Challinor, A. D. Ollé, H. V. Bettley-Cooke. 

Witmut, HAROLD Francis, Caterham School, Caterham, Surrey. British. Schoolmaster. 
B.A. (Oxford). Junior Chemistry Master, Caterham School. I wish to receive the Journal. 
Date of birth Jan. 10th, 1910. (Signed by) D. Ll. Hammick, N. V. Sidgwick, L. E. Sutton, 


T. W. J. Taylor. 


Forms of Recommendation for Fellowship accepted by the Council under Bye-Law I 
(2). 

ADAMSON, JOHN ALLEYNE, c/o Booker Bros. McConnell & Co., Ltd., P.O. Box 17, George- 
town, British Guiana. British. Registered Chemist and Druggist under the laws of British 
Guiana. Manager, Drug Dept., Booker Bros. McConnell & Co., Ltd., Georgetown, British Guiana, 
and 21, Mincing Lane, London, E.C. 3. (Signed by) Lionel S. Davis. 

GiLtt, LowEett Oscar, c/o A. E. Staley Mfg. Co., Decatur, Illinois, U.S.A. American. 
Research Chemist. A.B., James Millikin University; M.Sc., Cornell University. Fifteen years 
as industrial chemist, first as analyst and factory control chemist, and later as research chemist 
specialising in the development of new products and the improvement of products from corn. 
(Signed by) Marston T. Bogert. 

HARRAR, NORMAN JACKSON, 348, Yandes Street, Franklin, Indiana, U.S.A. American. 
Professor of Chemistry and Head of Department, Franklin College of Indiana. B.Sc., Univ. 
of Pittsburgh; M.S., Pennsylvania State College; Ph.D., University of Colorado. Original 
research and publications, especially Fe compounds of organic acids. See J. Phys. Chem., 
1931, 35, 1666; 35, 2210; 1932, 36, 688; also Scientific Monthly, 1927, 25, 246; 1932, 34, 
353; and J. Chem. Educ., 1925, 2, 1054. Member: American Chemical Society, Society of 
Sigma Xi, Indiana Academy of Science, Alpha Chi Sigma Fraternity. Formerly teaching at : 


Colorado Agricultural College, the University of Colorado, Washington and Lee University. 


Biography in 5th edition of ‘‘ American Men of Science.” (Signed by) Jas. Lewis Howe. 

MaIck!I, Epwarp Lewis, 12206, Mendota Avenue, Detroit, Michigan, U.S.A. Polish. 
Pharmaceutical chemist. Ph.C. (College of the City of Detroit, 1929); B.S. (same College, 
1930). Research investigator in designing therapeutic agents for inunction, producing both or 
either—local and general reactions. (Signed by) E. T. Sterne. 

NARSIMIENGAR, GRAMA KasBa, c/o Mysore Pharmaceuticals, Ltd., Bangalore, South India. 
Indian. Chemist. Chemistry and Physics, Madras University. Desires to be in touch, through 
the Chemical Society, with the latest developments. Has 18 years’ experience in manufacturing 
lime. (Signed by) A. Pell. 

WriGHT, ALFRED Epwarp, c/o Booker Bros. McConnell & Co., Ltd., P.O. Box 17, George- 
town, British Guiana. English. Registered Chemist and Druggist under the laws of British 
Guiana. Chemist to Booker Bros. McConnell & Co., Ltd., Georgetown, British Guiana, and 21, 
Mincing Lane, London, E.C. 3. (Signed by) Lionel S. Davis. 





ADDITIONS TO THE LIBRARY. 


CANADIAN PULP AND PAPER ASSOCIATION. 


I. Donations. 


ABDERHALDEN, Emit. ([Editor.] Hand- 
buch der  biologischen Arbeitsmethoden. 
Abt. II. Physikalische Methoden, Teil 3, 
Heft i. Berlin 1933. pp. 2599 to 2690. ill. 
M. 4-50. (Recd. 2/5/33.) From the Pub- 
lishers : Herren Urban & Schwarzenberg. 

BRITISH PLastics YEAR Book 1933. Lon- 
don 1933. pp. 460. ill. (Reference.) From 
the Publishers : Plastics Press Ltd. 


Pulp and Paper of Canada. Vol. XXXIV 
(N.S.) etc. Gardenvale, Que. 1933+. 
(Reference.) From the Bureau of Chemical 
Abstracts. 

CURRENT METALLURGICAL ABSTRACTS. Vol. 
IV, etc. Pittsburgh 1933+. (Reference.) 
From the Bureau of Chemical Abstracts. 

DayneEs, H. A. Gas analysis by measure- 
ment of thermal conductivity. | Cambridge 
1933. pp. viili+ 358. ill. 16s. net. (Recd. 
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25/4/33.) From the Syndics of the Cambridge 
University Press. 

DEUTSCHE KAUTSCHUK-GESELLSCHAFT. 
Kautschuk. Zeitschrift fiir wissenschaftliche 
und technische Kautschukforschung und 
Kautschukverarbeitung. YearIX,etc. Ber- 
lin 1933 +. (Reference.) From the Bureau of 
Chemical Abstracts. 

HOLMBERG, ARNE. Bibliographie de J. J. 
Berzelius. Part I. Stockholm 1933. pp. 
xii+ 152. (Reference. From the _ CK. 
Svenska Vetenskapsakademie. 

KOHLENFORSCHUNGSINSTUT IN PrRaG. Mit- 
teilungen, No. 1, etc. Prag 1931+. (Refer- 
ence.) From the Director. 

MENSCHUTKIN, Boris NIKOLAEVITSCH. 
Chief periods in the development of chemistry 
in the last one hundred and fifty years. 
Leningrad 1932. pp. 116. [In Russian.] 
(Recd. 2/5/33.) From the Author. 

METALS AND ALLoys. The magazine of 
metallurgical engineering. Vol. IV, etc. 
Pittsburgh 1933 +. (Reference.) From the 
Bureau of Chemical Abstracts. 

REVUE DE L’ALUMINIUM ET DE SES APPLIC- 
ATIons. Vol. X,etc. Paris 1933+. (Refer- 
ence.) From the Bureau of Chemical 
Abstracts. 

TRAILL, THOMAS STEWART. Syllabus of a 
popular course of lectures on chemistry. 
Liverpool 1806. pp. 25. (Reference.) From 


the Executors of Jane Omond Stevenson. 


Ustav PRO VEDECKY VYzkKUM UHLf v 
PRazE. Zpravy. No.1,etc. Praze 1931 +. 
(Reference.) From the Director. 

WILDBORE, HERBERT J. W. Patents ex- 
plained: a . . . summary of information and 
facts useful to manufacturers and inventors. 
London (1933). pp. 48. 5s. net. (Recd. 
1/5/33.) From the Author. 


II. By Purchase. 


BECKER, Kari. Hochschmelzende Hart- 
stoffe und ihre technische Anwendung. (Metal- 
lisch leitende Carbide, Nitride und Boride und 
ihre Legierungen.) Berlin 1933. pp. 228. 
ill. M.21. (Reed. 27/4/33.) 

Benson, HENRY K. Chemical utilization of 
wood. Washington 1932. pp. vi + 152. ill. 
lic. (Recd. 27/4/33.) 

B6éTTGER, WILHELM. [Editor.] Physikal- 
ische Methoden der analytischen Chemie. 
Part I. Spektrometrische und radiometrische 
Analyse. By GUNTER SCHEIBE, HERMANN 
Mark, and R. EHRENBERG. Leipzig 1933. 
pp. x + 388. ill, M.34. (Recd. 1/5/33.) 

CHEMIE-INGENIEUR, DER. Ein Handbuch 
der physikalischen Arbeitsmethoden in 
chemischen und verwandten Industrie- 
betrieben. Edited by ARNOLD EUCKEN and 


Max Jakos. Vol. I. Parti. Hydrodynam- 
ische Materialbewegung. Warmeschutz und 
Warmeaustausch. By Max Jaxkos and S. 
Erk. Leipzig 1933. pp. xx + 539. ill. 
M. 54. (Recd. 27/4/33.) 

Vol. I. Part ii. Mechanische 
Materialtrennung. By C. Naske, H. MaDEL 
and W. SIEGEL. Leipzig 1933. pp. x + 3865. 
ill. M.38. (Recd. 27/4/33.) 

Vol. II. Part i. Kontroll- und 
Reguliereinrichtungen. Allgemeines und 
Gemeinsames. By P. GMELIN and J. 
KRONERT. Leipzig 1932. pp. x + 208. ill. 
M. 18.60. (Recd. 27/4/33.) 

— Vol. II. Partii. Mengenmessung- 
en im Betriebe. By R. Witte and E. 
PaDELT. Leipzig 1933. pp. x + 274. ill. 
M. 27.60. (Recd. 27/4/33.) 

— Vol.II. Partiv. Physikalisch- 
chemische Analyse im bBetriebe. By P. 
GMELIN [and others]. Leipzig 1933. pp. 
xiv + 388. ill. M.38. (Recd. 27/4/33.) 

FRIEDRICH, ALFRED. Die Praxis der 
quantitativen organischen Mikroanalyse. 
Leipzig 1933. pp. xvi+ 209. ill. M. 36. 
(Recd. 1/5/33.) 

WIELAND, HEINRICH. On the mechanism 
of oxidation. New Haven 1932. pp. x + ° 
122. ill. $2.50. (Recd. 4/5/33.) 

WILEY, HARVEY WASHINGTON. Principles 
and practice of agricultural analysis. 3rd 
edition. Vol. II. Fertilizers and insecticides. 
Edited by CHARLES ALBERT BROWNE and 
WILLIAM W. SKINNER. Easton, Pa. 1931. 
pp. xviii + 646. ill. $10. (Recd. 27/4/33.) 


III. Pamphlets. 


BERNER, ENDRE. Uber den thermischen 
Abbau von Inulin. (From the Kgl. Norske 
Videnskab. Selskab Forhandlinger, 1932, 5.) 

BERTHOUD, ALFRED. Essai d’interpréta- 
tion de quelques réactions inattendues en 
rapport avec l’isomérie géométrique des com- 
posés éthyléniques. (From the Bull. Soc. 
neuchdteloise Sci. nat., 1931, 56.) 

BRITISH SCIENCE GUILD. A symposium on 
the utilization of coal. London 1933. pp. 
46. 

CAMPANILE, SILVIA. Composizione chimica 
delle spore di parassiti vegetali di cereali. 
(From the Ann. R. Staz. Chim.-Agrar. Sperim., 
1932, [ii], 14.) 

INDIAN Lac RESEARCH INSTITUTE. Bulle- 
tin No. 11. Resin secretion on different host 
plants by the lac insect. By M. VENUGo- 
PALAN. Calcutta 1932. pp.1l. ill. 

Bulletin No. 12. Shellac drying oil 
combinations. Part I. By R. W. A pis. 
Calcutta 1933. pp. 4. 





INDIAN Lac RESEARCH INSTITUTE. Bulle- 
tin No. 13. Orpiment in shellac. By R. W. 
Apis. Ranchi 1933. pp. 7. 

Research Note No. 4. Some effects of 
baking shellac varnish films. By M. Ranca- 
swaMiand R.W.ALp!s. Ranchi 1933. pp. 2. 
Research Note No. 5. Shellac-castor 
oil combinations. By R. W. Atpis. Ranchi 
1933. 








Research Note No. 6. <A note on the 
use of lithophone in shellac paints. By R. 
W. Atpis. Ranchi 1933. 
Research Note No. 7. 
By R.W.Atpis. Ranchi 1933. 
OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. Chemistry and life. 
By Sir FREDERICK GOWLAND Hopkins. 4th 
Gluckstein Memorial Lecture, 1932. London 
1933. pp. 21. 
Joseph Priestley. 
ROBERT MARTIN CAVEN. 
25. ill. 





Reconditioning 





shellac. 
INSTITUTE 


1733-1804. By 
London 1933. pp. 





Science and the community. By 
ALEXANDER FINDLAy. London 1933. pp. 
17. 








The chemist in the Far East. By 
ALEXANDER Marcan. London 1933. pp. 18. 

INSTITUTION OF Post OFFICE ELECTRICAL 
ENGINEERS. Professional Paper No. 89. 
Corrosion of lead covered cables by electro- 
lytic action. By S.C. BARTHOLOMEW. Lon- 
don 1922. pp. 72. ill. 

KITAGAWA, MATSUNOSUKE, and YAMADA, 


HrrosHI. Studies on a di-amino acid, cana- 
vanin (II). (From the J. Biochem. Japan, 
1932, 16.) 


KrySpin, JAN. On the chemical testing of 
transformer oils. (From the Rep. Fuel Tech. 
Inst., Czech. Poly. Highschool, Prague, 1921, 1.) 
[In Czech. English summary.] 

Mark, HERMANN. Uber den Aufbau der 
hochpolymeren Substanzen. (From Scientia, 
1932.) ill. 

MENON, AMBAT KESAVA. 
its uses. pp. 18. 

MINISTRY OF AGRICULTURE AND FISHERIES. 
Permanent Commitiee on Basic Slag. 10th 
interim report. London (1932). pp. ii + 25. 
[In mimeograph form.] 

MZourREK, JosEF. On the asphaltic sub- 
stance in gas producer tars from lignite. 
(From Chem. Listy, 1921, 15.) [In Czech. 
English summary.] 

NATIONAL JOINT INDUSTRIAL COUNCIL FOR 
THE FLouR MILLING INDuUstTRY. Technical 
Education Series. Pamphlet No. 10. The 
wheats of commerce. II. Commercial wheat 
classes. By ERNEstT ARTHUR FISHER and 
CHARLES RoBERT JONES. London 1933. pp. 


iv + [52]. 


Groundnut and 
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PENFOLD, ARTHUR Ramon. Commercial 
eucalyptus oils. (Sydney Technological 
Museum Bulletin, No. 2. 3rd_ edition.) 


Sydney 1933. pp. 35. 

REINER, L., and LEONARD, CLIFFORD SHAT- 
TucK. Studies on the mechanism of chemo- 
therapeutic action, IX-X. (From the Proc. 
Soc. Exper. Biol. Med., 1932, 29.) 

RUBBER GROWERS’ ASSOCIATION. Technical 
Research and Development of New Uses Com- 
mittee. Digest of patents dealing with rubber 
and/or latex in road construction materials 
(excluding blocks). London 1933. pp. 58. 

Sau, PETER P. T., and CHEN, CHING SHENG. 
Sulphur and cystine contents of egg-membrane 
of Chinese hens. (From the Sci. Rep. Nat. 
Tsing Hua Univ., 1932, A1.) 

Sau, Peter P. T., and Li, TSAN-WEN. 
Nutritional studies on Chinese dragon eyes. 
(From the Sci. Rep. Nat. Tsing Hua Univ., 
1932, A1.) 

Sau, PETER P. T. [and others]. Chemical 
studies on Chinese peanuts and peanut oils. 
(From the Sci. Rep. Nat. Tsing Hua Univ., 
1932, A1.) 

ScHAFerR, F. A. Uber das dielektrische 
Verhalten von Niederspannungskondensatoren 
mit geschichteter Papierisolation. (From the 
Arch, Elektrotech., 1929, 23.) ill. 

ScHULZ, FERDINAND. Analyses of Czecho- 

slovak crude oils. (From Hornicky Vesintk, 
1921, 3.) [In Czech. English summary.] 
Analyses of Czechoslovak coals. (From 
Hornicky Vestnik, 1921, 3.) [In Czech. 
English summary.] 
On waxy coals and tertiary boghead in 
Bohemia. (From the Rep. Fuel Tech. Inst., 
Czech. Poly. Highschool, Prague, 1921,1.) [In 
Czech. English summary.]} 

SCHULZ, FERDINAND, and GEBURA, JOSEF. 
Analyses of Czechoslovak peats. (From 
Hornicky Vesinth, 1921,3.) [In Czech. Eng- 
lish summary.] 

SCIENTIFIC AND INDUSTRIAL RESEARCH, 

Department of. Building Research. Special 
Report No. 19. B.N.F. ternary alloys of lead. 
Their use in buildings. London 1933. pp. 
iv + 32. ill. 
Water Pollution Research. Technical 
Paper No. 3. The purification of waste waters 
from beet sugar factories. By Eric HANNa- 
FORD RICHARDS and D. WARD CUTLER. Lon- 
don 1933. pp. x + 157. ill. 

Tuomas, Fritz. Verzégerung und Besch- 
leunigung chemischer Vorgange durch Licht. 
Freiburg i. Br. 1908. pp. 68. ill. 

Tommas!I, GIUSEPPE. Il problema dell’ 
autotrazione a gassogeno. Possibilita italiane. 
(From the Aun. R. Staz. Chim. Agrar. Sperim., 
1932 [ii], 14.) ill. 
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Tommasi, GIUSEPPE. La chimica nei pit 
moderni problemi della produzione agraria. 
(From the Ann. R. Staz. Chim. Agrar. Sperim., 
1932, [ii], 14.) 

La concimazione del grano. (From 
the Ann. R. Staz. Chim.-Agrar. Sperim., 1932, 
[ii], 14.) 

TUCHEL, HERBERT. 
des Lichtes auf Chlorwasser. 
Pr. 1913. pp. 59. 

UNITED StaTEs. Depariment of Agri- 
culiure. Department Circular 128. The 
manufacture and use of peanut butter. 
Washington 1920. pp. 16. ill. 

Technical Bulletin 


Uber die Einwirkung 
K6nigsberg i. 


No. 344. 


Petrographic methods for soil laboratories, 
By W. H. Fry. Washington 1933. pp. 96. 
ill. 

VottmerR, K. Uber die Schwankungen der 
Frequenz und Intensitat der Lichtbogen- 
schwingungen. Leipzig 1910. pp. 95. ill. 

WaGNER, (KARL) Witty. Der Lichtbogen 
als Wechselstromerzeuger. Géttingen 1910. 
pp. vi + 122. ill. 

YaMAFuUJI, Kazuo. The chemical consti- 
tuents of tobacco. I. On the organic bases 
and acids of fresh tobacco leaves. (From the 
J. Agr. Chem. Soc. Japan, 1931, 7.) [In 
Japanese. } 
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FORTHCOMING MEETING IN LONDON. 


Thursday, June lst, 1933. 





Ordinary Scientific Meeting. 
The following papers will be read : 
““ Hydrates of calcium sulphate.”’ By C. S. Gipson and S. Hott. 
“The rotatory dispersion of organic compounds. Part XXI. Cyclic derivatives of tar- 
taric and malic acids.” By B. JONEs. 
“The rotatory dispersion of organic compounds. Part XXIII. The rotatory dispersion 
and circular dichroism of aldehydic sugars.”” By H. Hupson, M. L. WoLFrrom, and 
T. M. Lowry. 
“‘ Volume effects of alkyl groups in aromatic compounds. Part I. Influence of 2 : 6-di- 
nitration on a group —Cr,R,Alk. Part II. Influence of a group —CR,R,Alk on 
vicinal substitution.” By R. J. W. LE FEvRe. 

















PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extra Meeting, Thursday, May 25th, 1933, at 5.30 p.m., held at the Institution of 
Mechanical Engineers, Storey’s Gate, S.W. 1. 

The President, Professor G. T. MorcAn, O.B.E., D.Sc., F.R.S., was in the Chair. 

In opening the proceedings, the PRESIDENT referred to the terms of the foundation 
of the Hugo Miiller Lectureship in 1917, to the valuable services rendered to the Society 
by the late Dr. Hugo Miiller, and to the distinguished list of Hugo Miiller Lecturers. He 
then called upon Professor H. E. Armstrong to deliver the Sixth Hugo Miiller Lecture 
entitled ‘‘ Chemistry at the Cross Roads.”” At the conclusion of the lecture, a vote of 
thanks, proposed by Professor J. F. Thorpe, and seconded by Professor Arthur Smithells, 
was carried with acclamation and acknowledged by the Lecturer. 





Ordinary Scientific Meeting, Thursday, June Ist, 1933, at 8 p.m., Professor G. T. 
Moreau, O.B.E., D.Sc., F.R.S., President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, through death on February 
llth, 1932, of Mr. Thomas Darling, who was elected a Fellow on December 3rd, 1891. 


It was announced that : 


1. The Council had decided to publish the List of Fellows this year and issue it to 
Fellows at the charge of one shilling. Application should be made to the Assistant Secre- 
tary. In order that the new list may be as complete as possible, Fellows are asked to 
notify the Assistant Secretary of any change of address, or other alteration, before 31st 
July, 1933. 

2. The Council had decided to publish shortly Volume III of the Memorial Lectures 
containing the following lectures delivered before the Society between 1914 and 1932: 


Emil Fischer, by Sir Martin Onslow Forster. 

Adolf von Baeyer, by Professor W. H. Perkin. 

J. D. van der Waals, by Sir James H. Jeans. 

J. Kamerlingh Onnes, by Professor Dr. Ernst Cohen. 
S. A. Arrhenius, by Sir James Walker. 

T. W. Richards, by Sir Harold Hartley. 

Otto Wallach, by Professor Dr. L. Ruzicka. 


The volume will be sold to Fellows at 5s. post free, and will be obtainable on applic- 
ation to the Assistant Secretary. 


Mr. H. G. Poole was formally admitted a Fellow of the Society. 


Forms of Recommendation were read for the first time in favour of : 


John Carr Bennison, M.R.C.V.S., 53, Beaconsfield Road, Cannon Hill, Birmingham. 
Gilbert Fatkin Caley, 1, Brockett Close, Welwyn Garden City, Herts. 

Norman Henry Chamberlain, Ph.D., Regnal House, 6, Eccleston Street, Victoria, S.W. 1. 
Henry Arthur Dane, 1, Waterloo Road, Upper Holloway, N. 19. 

James Bankes Morice Herbert, M.Sc., 3, Ingoldsby Avenue, Richmond Grove, Manchester. 
Dafydd Islwyn Jenkins, Ph.D., 3, Kingsland Road, Whitchurch, Cardiff. 

Alan Edward Wilkinson, 49, Sydenham Hill, S.E. 26. 
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Miss E. Lakeman and Dr. J. N. E. Day were elected Scrutators, and a ballot for the 
election of Fellows was held. The following were subsequently declared elected : 


John Alleyne Adamson. William Edward Jones, B.Sc. 


Cecil Morris Bean, B.Sc. Cyril Alec Lawrence. 
Michael Benger, B.A. Edward Lewis Maicki, Ph.C., B.S. 


Robert David Blair, B.Sc., Ph.D. Melchett of Landford. 
John Burke. Colin John Owen Rhonabwi Morris, M.Sc. 


Dudley Ross Chesterman, M.Sc., A.R.C.S., Grama Kasba Narsimiengar. 
} oe eee Randal George Arthur New, B.A., D.Phil. 
Edward Auty Coulson, M.A., D.Phil., M.Sc. Joseph Beatty Parke, M.Sc. 
William Harris Davies, B.Sc. Leonard Edward Barton Powell, B.Sc. 
Samuel Duxbury. John Barnabas Price, B.Sc. 
Philip James Gay, B.Sc. Edith Marjorie Read. 
Lowell Oscar Gill, A.B., M.Sc. Thomas James Sage. 
— Craven Gregory, B.Sc., F.I.C. Trent of Nottingham. 
orman Jackson Harrar, M.S., Ph.D. Owen Haddon Wansbrough-Jones, M.A., 
Jack Blatchley Harrison, B.Sc. Ph.D. 
Gilbert Spencer Hartley, M.Sc. Esmond John Whitelock. 
Fred Hudswell, B.A. Harold Francis Wilmut, B.A. 
Edith Florence Johnston. Alfred Edward Wright. 


The following papers were read : 

“‘ Hydrates of calcium sulphate.” By C. S. GrBson and S. Hott. 

“The rotatory dispersion of organic compounds. Part XXI. Cyclic derivatives of 
tartaric and malic acids.” By B. JONEs. 

“The rotatory dispersion of organic compounds. Part XXII. Borotartrates and boro- 
malates.”” By B. JONEs. 

“The rotatory dispersion of organic compounds. Part XXIII. The rotatory dispersion 
and circular dichroism of aldehydic sugars.’ By H. Hupson, M. L. WoLFRom, and 
T. M. Lowry. 

‘“‘ Volume effects of alkyl groups in aromatic compounds. Part I. Influence of 2 : 6-di- 
nitration on a group —CR,R,Alk. Part II. Influence of a group —CR,R,Alk on 
vicinal substitution.” By R. J. W. LE FEvRE. 





THE LIBRARY. 
The Library will be closed for stocktaking from Monday, August 7th, until Saturday, 
August 19th (inclusive). During the following four weeks (August 2lst to September 
16th) the Library will close daily at 5 p.m. 





List of Papers, or Abstracts thereof, received between May 18th and June 15th, 1933. 
(This List does not include the titles of papers, or abstracts thereof, which have been 
read at an Ordinary Scientific Meeting, or which have appeared in the Journal.) 


“The separation and determination of copper by salicylaldoxime.” By H. L. RILEy 

“The molecular structure of some platinous and palladous co-ordination compounds.” 
By E. G. Cox and G. H. PREsTON. 

“Trypanocidal activity and chemical constitution. Part IV. New sulphur derivatives 
of aromatic organic arsenicals (continued). Mercury, lead, and thallium derivatives 
of 2-thiolbenziminazole-5-arsonic acid.’””’ By J. G. EVERETT. 

“Trypanocidal activity and chemical constitution. Part V. Derivatives of benzimin- 
azole-5-arsonic acid.”” By J. G. EVERETT. 

“ Studies of the Beckmann change. Part I. The spontaneous rearrangement of oxime 
picryl ethers.” By A. W. CHAPMAN and C. C. Howls. 

“The co-ordination compounds of oximes. Part III. Compounds of 1-phenyl-3-methy]l- 
4-isonitroso-5-pyrazalone with the alkali metals, nickel, and thallium.” By O. L. 
Brapy and (Miss) M. D. PorTER. 

“The preparation of alkylanilines containing tertiary alkyl groups.” By W. J. HickIN- 
BOTTOM. 
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“The Reformatsky reaction with anisil.” By J. W. Cook and W. Lawson. 

“ Addition reactions of the indole nucleus.” By S. G. P. PLANT and (Miss) M. L. Tom- 
LINSON. 

“ Liquidus and solidus studies. Part IV.” By K. LAyBourn, W. M. MApGIN, and (in 
part) (Miss) D. FREEMAN. 

“‘ The electrostriction produced by salts in some aliphatic alcohols.”” By W. C. VosBuRGH, 
(Miss) L. C. ConNELL, and J. A. V. BUTLER. 

“‘ Substitution in compounds containing two or more phenyl groups. Part IV. Nitration 
of diphenyl derivatives containing meta-directing substituents.” By W. S. M. 
GRIEVE and D. H. Hey. 

“Flame phenomena of carbon monoxide.” By A. R. J. P. UBBELOHDE. 

“Experiments on the synthesis of rotenone and its derivatives. Part IV. Dehydrodi- 
hydrorotenonic acid and tephrosic acid.” By A. ROBERTSON. 

“Explosions of mixtures of hydrogen and air. The specific heats of steam at high tem- 
peratures.” By G. B. MAXWELL and R. V. WHEELER. 

“Reactions of olefinic compounds. Part III. The orienting influence of the phenyl 
group.” By E. H. FARMER and C. G. B. Hose. 

“Properties of conjugated compounds. Part XIX. The Michael reaction applied to a 
triene ester.” By E. H. FARMER and S. R. W. MarTIN. 

“ The electric moments of cyclic 1 : 1-dicarboxylic esters in relation to the valency-deflexion 
hypothesis.” By E. H. FARMER and N. J. H. WALLIs. 

“ Synthetical experiments in the chromone group. Part IX. A synthesis of 5:7: 4’- 
trihydroxy-3’ : 5'-dimethoxyflavone, believed to be identical with tricin, the colour- 
ing matter of ‘ Khapli’ wheat.” By K. C. GuLati and K. VENKATARAMAN. 

“ The direct dibromination of m-bromophenol and an example of group migration.” By 
H. H. Hopcson, J. WALKER, and (in part) J. NIXON. 

“Studies in electrolytic oxidation. Part III. The formation of dithionate by the 
electrolytic oxidation of potassium sulphite.’””’ By S. GLAssTONE and A. HICKLING. 

“The nitration of 4-nitro-o-tolyl f-toluenesulphonate.” By F. H. Curp and A. 
ROBERTSON. 

“ The benzoy] derivatives of indigotin.”” By E. Hope, R. W. R. Kersey, and D. RICHTER. 

‘“‘ Walden inversion in the glucose series. Derivatives of altrose.” By D. S. MATHERs and 
G. J. ROBERTSON. 

“The a««8-trihalogenated butaldehydes.” By F. D. Cuatraway, H. IRvinG, and G. H. 
OUTHWAITE. 

“ The structure of some ammines of platinous chloride.” By F. W. PINKARD, H. SAENGER, 
and W. WARDLAW. 

“A new route to chrysene and 1 : 2-benzanthracene.”” By R. D. HAwortu and C. R. 
MAVIN. 

“‘ Studies in chemisorption on charcoal. Part I. The acid constituent of charcoal.” By 
A. KING. 

“A comparison of the densities of carbon monoxide and oxygen and the atomic weight of 
carbon.”’ By M. WoopHEAD and R. WHYTLAW-GRAyY. 

‘“Some substitution reactions of 4-aminodiphenylmethane.” By W. A. WATERs. 

“The effect of solvent on the reaction between iodine and hydrogen sulphide.” By 
M. R. A. Rao and B. S. Rao. 

“ The relation of electromeric effects and relative polarisabilities of the halogen.” By R. 
ROBINSON. 

“ Anomalies in the reactivities of side-chain halogens with special reference to reaction 
mechanism.” By J. W. BAKER. 

“ Natural glycosides. Part V. Ruberythric acid.’”’ By E. T. Jones and A. ROBERTSON, 

“Some reduction products of chalkones.”” By A. RUSSELL. 

“The homogeneous catalysis of gaseous reactions. The influence of iodine on the decom- 
position of acids, esters, ketones, and halides.’’ By S. BarrsTow and C. N. HINSHEL- 

woop. 








“‘ The homogeneous catalysis of gaseous reactions. 
position of simple aliphatic amines and of hexane.” 


HINSHELWOOD. 
“ Alkaloidal chlorocuprates. 
alkaloids containing the vinyl group.” 
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The influence of iodine on the decom- 
By S. Bairstow and C. N. 


The specific precipitation by cupric chloride of cinchona 
By A. COHEN. 


“A new reaction of certain diazosulphonates derived from 8-naphthol-l-sulphonic acid. 
Constitution of the phthalazine derivatives.” 


Part XI. 
PETERS. 

“Tonic interchange in sulphur sols. 
and J. J. Murr. 


Part II. 


By F. M. Rowe and A. T. 


The influence of acids.” By T. R. BoLam 


“The effect of nuclear halogen substituents on triad prototropic systems in relation to 


aromatic side-chain reactivity.” 
“Lichen acids. Part VI. 
acid.”’ 


By C. W. SHOPPEE. 
Usnic acid. Part III. 
By F. H. Curp and A. RoBERTSON. 


Usnetol, usnetic acid, and pyrousnic 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


Giua, MICHELE, and Girua-LoLLin1, CLARA. 
Dizionario di chimica generale e industriale. 
Vol. I. Torino 1933. pp. vi-+ 1083. ill. 
(Reference.) L. 165. From the Publishers : 
Unione Tipografico-Editrice Torinese. 

IMPERIAL INSTITUTE. The mineral indus- 
try of the British Empire and foreign countries. 
Lead. 2nd edition. London 1933. pp. 254. 
(Reference.) 4s. net. From the Director. 

INSTITUTUL EXPERIMENTAL PENTRU CULTI- 
VAREA SI FERMENTAREA TUTUNULUI. Bule- 
tinul cultivarei si fermentdrei tutunului. Vol. 
XXI, etc. Bucuresti 1932+. (Reference.) 

From the Bureau of Chemical Abstracts. 

INTERNATIONAL LABOUR OFFICE. Safety in 
the manufacture and use of celluloid. Geneva 
1933. pp. vili+ 164. 4s. met. (Recd. 
22/5/33.) From the 
London Publishers : Messrs. P. S. King & Son. 

LABORATOIRE DE PLASMOGENIE. Bulletin. 
Vol. I, etc. México 1932+. (Reference.) 

From the Editor. 

LAURENS, HENRY. The physiological effects 
of radiant energy. (American Chemical 
Society Monograph Series.) New York 1933. 
pp. 610. ill. $6. (Recd. 2/6/33.) From the 
Publishers : The Chemical Catalog Company. 

Lewis, SAMUEL JUDD. Spectroscopy in 
science and industry. London 1933. pp. 
viii + 94. ill. 3s. 6d. net. (Recd. 30/5/33.) 
From the Publishers : Messrs. Blackie & Son. 

MENSCHUTKIN, Boris NIKOLAEVITSCH. 
Course of general chemistry (inorganic). 4th 
edition. Leningrad 1933. pp. 738. ill. [In 
Russian.] (Recd. 12/6/33.) From the Author, 

TAYLOR, FRANK SHERWOOD. Organic chem- 
istry. London 1933. pp. xii + 587. ill. 
10s. (Reed. 12/6/33.) From 
the Publishers : Messrs. William Heinemann. 


UNITED PROVINCES OF AGRA AND OUDH. 
Academy of Sciences. Bulletin. fol. I. 
1931-32, etc., Allahabad 1932 +. (Reference.) 

From the Bureau of Chemical Abstracts. 


II. By Purchase. 


BENNETT, REGINALD RICHARD, and Cock- 
ING, THOMAS TUSTING. The science and 
practice of pharmacy. 2 vols. London 1933. 
pp. viii + 386, viii+ 340. ill. 36s. net. 
(Recd. 15/6/33.) 

BEvuTNER, R. Physical chemistry of living 
tissues and life processes as studied by arti- 
ficial imitation of their single phases. [Balti- 
more] 1933. pp. x + 338. ill. $5. (Recd. 
15/6/33.) 

Davies, CEcIL WHITFIELD. The conduc- 
tivity ofsolutions. 2ndedition. London 1933. 
pp. x + 282. ill. 15s. net. (Recd. 15/6/33.) 

Evers, NorMAN. The chemistry of drugs. 
2nd edition. London 1933. pp. 256. 55s. 
net. (Recd. 15/6/33.) 

MAXTED, EDWARD BRADFORD. Catalysis 
and its industrial applications. London 1933. 
pp. xii + 530. ill. 36s.net. (Recd. 15/6/33.) 

Norp, F. F. Zum Mechanismus der En- 
zymwirkung unter Berucksichtigung der 
Kryolyse. (Sammlung, N.F. Heft. 18.) Stutt- 
gart 1933. pp. 51. ill. 

THRESH, JOHN CLOUGH, BEALE, JOHN 
FosTER, and SUCKLING, ERNEST VICTOR. 
The examination of waters and water supplies. 
4th edition. London 1933. pp. xviii + 824. 
ill. 42s. net. (Recd. 15/6/33.) 


III. Pamphilets. 


AUSTRALIA, COMMONWELATH OF. Council 
for Scientific and Industrial Research. Bulle- 
tin No. 71. Investigations on irrigated pas- 
tures. By A. E. V. RicHarpson and H. P. C. 
GaLtus. Melbourne 1932. pp. 45. ill. 








PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Ordinary Scientific Meeting, Thursday, October 19th, 1933, at 8 p.m., held at the 
Royal Institution, Albemarle Street, W.1., Professor G. T. Morcan, O.B.E., D.Sc., 


F.R.S., President, in the Chair. 
The PRESIDENT referred to the loss sustained by the Society, through death, of the 


following Fellows : 
Elected. Died. 
Arthur Adams Feb. 18th, 1892. July 10th, 1933. 
Walter C. Ball Dec. 5th, 1901. June 9th, 1933. 
Albert R. Blackburn May 6th, 1909. May 9th, 1933. 
Henry H. Bunting March 6th, 1890. Nov. 22nd, 1929. 
Frederic Dunn Dec. 6th, 1894. March 4th, 1933. 
Sydney A. Kay .. May 4th, 1905. May 26th, 1933. 
John B. McNarey Feb. 18th, 1932. July 13th, 1933. 
John B. Orr Dec. 15th, 1881. Sept. 23rd, 1933. 
James C. T. Pollitt Dec. 5th, 1901. Jan. 8th, 1933. 
William F. Sandrock Feb. 19th, 1931. May 8th, 1933. 
William Alex. Smith Dec. 3rd, 1876. Aug. 3rd, 1933. 
Victor H. Veley April 17th, 1879. Aug. 20th, 1933. 
Frederick W. de Velling Feb. 19th, 1891. Aug. 22nd, 1933. 
Richard A. Warren Feb. 15th, 1906. June 14th, 1933. 
Charles S. S. Webster March Ist, 1883. June 9th, 1933. 
James Wood May 2nd, 1918. April 4th, 1933. 


It was announced ihat the following had been proposed by the Council as Honorary 
Fellows of the Society, and that a ballot for their election would be held at the Ordinary 
Scientific Meeting on November 2nd, 1933 : 


Prof. Auguste Béhal (Paris). 

Prof. Edward C. Franklin (Stanford, California). 
Sir Frederick G. Hopkins, Pres. R.S. (Cambridge). 
Prof. Camille Matignon (Paris). 

Sir Prafulla Chandra Ray (Calcutta). 

Prof. F. A. H. Schreinemakers (Leyden). 

Prof. Dr. Adolf Windaus (Géttingen). 


Forms of Recommendation for Fellowship were read for the first time in favour of : 


Gad Tawadrous Abd-el-Messih, Sanieh Secondary School, Sayeda Zeinab, Cairo, Egypt. 
Ewart Ingham Akeroyd, B.A., 5, Watford Street, Shelton, Stoke-on-Trent. 

Kenneth Frankland Armstrong, B.A., B.Sc., Merton College, Oxford. 

Richard Maling Barrer, M.Sc., Clare College, Cambridge. 

Vincent Christopher Barry, M.Sc., Mill Street House, Galway. 

Alexander Boden, 255, Mowbray Road, Chatswood, N.S.W., Australia. 

Georgina Elizabeth Canning, M.Sc., Belhaven, Whitehead, Co. Antrim. 

John Eugene Carruthers, B.A., Granby House, Whitehaven, Cumberland. 

Ailsa Victorian Crawley, B.Sc., A.I.C., 26, Perryn Road, W. 3. 

William Gardiner Dangerfield, Ph.D., Ottava, Vicarage Road, Chelston, Torquay, Devon. 
Audrey Winifred David, B.Sc., 3, Colchester Avenue, Pen-y-lan, Cardiff. 

Mansel Morris Davies, B.Sc., Cefn Bryn, Abernant Road, Aberdare. 

William Charles Dovey, Ph.D., 113, Tewkesbury Road, Cheltenham. 

Raphael John Doyle, S.J., M.Sc., D.Sc.Tech., Milltown Park, Dublin. 

David Johnson Evans, Glen Cairn, Old Hadlow Road, Tonbridge. 

Arthur Flamank, King’s Road, Shalford, Surrey. 

Emrys Manley Francis, B.Sc., Fern Bank, Llanberis, Carnarvon. 
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Philip James Garner, B.A., 14, Humberstone Road, Cambridge. 

James Blair Gillies, 32, Sutton Court Road, Chiswick, W. 4. 

Leonard James Goldsworthy, M.A., B.Sc., University College, Rangoon. 

Mohammad Abdul Hafeez, B.A., B.T., B 5227 Shanker Bagh, Nizam Shahi Road, Hyderabad, 
India. 

Harold Carl Happold, 182, Westcombe Hill, Blackheath, S.E. 3. 

Stanley Hugh Harper, A.R.C.S., 32, St. Luke’s Road, Brighton. 

John Michael Hennessy, Gordon Institute of Technology, Geelong, Victoria, Australia. 

Edward William Jackson, A.M.I.E.E., 13, Vicarage Way, Harrow Garden Village. 

Edwin Ernest Jelley, B.Sc., A.I.C., 51, Bolton Road, Harrow. 

Baladeb Mukerji, B.Sc., M.B., 1, Hurtukibagan Lane, Calcutta. 

Theodore Lawrence Parkinson, B.Sc., Halstead Cottage, Wye, Kent. 

Ella Kathleen Parsons, 113, Herne Hill Road, S.E. 24. 

Edmund George Vincent Percival, Ph.D., Chemistry Department, King’s Buildings, West Mains 
Road, Edinburgh. 

Archibald Pilgrim, B.Sc., 239, High Street North, East Ham, E. 6. 

Michael Polanyi, Prof., Ph.D., M.D., The University, Manchester. 

Bryan Pontifex, The Croft, Knowle, Warwickshire. 

William Charles Henry Potter-Mackenrot, The Laurels, Millfield Lane, N. 6. 

George Rowntree Ramage, M.Sc., Ph.D., 25, Craig-y-Don Road, Bangor. 

Edna Margaret Frances Roe, B.Sc., 66, Drury Road, Harrow. 

Alfred Rubenstein, B.Sc., 36, Lennox Road, N. 4. 

Olive Dora Saltmarsh, B.A., Girton College, Cambridge. 

Hugh Clifford Stephens, B.A., B.Sc., 24, Wood Street, Woolwich, S.E. 18. 

John Templeton, Dalkeith, Jones Island, Manning River, N.S.W., Australia. 

Samuel Travis Tong, 21, St. Andrews Avenue, Cleveleys, Blackpool. 

Arnold Weissberger, D.Phil., The Dyson Perrins Laboratory, South Parks Road, Oxford. 

Beatrice Muriel Wilson, Ph.D., Higher Trevarrick, St. Austell, Cornwall. 

Francis Thomas Winfield, B.Sc., Hill View, Coddington, Newark. 


The following Forms of Recommendation have been accepted by the Council under 
Bye-Law I (2) : 
Wilhelm Klemm, Prof., D.Phil., Rickertweg 3 II, Danzig-langfuhr. 


William D. Leech, M.A., Cooranbong, N.S.W., Australia. 
Ram Rao Parvatikar, Prof., M.A., 3120, Gowligada, Hyderabad, Deccan, India. 


The PREsIDENT then called upon Professor W. A. Bone to deliver his Lecture 
entitled: “‘ The Combustion of Hydrocarbons.’ At the conclusion of the Lecture, a vote 
of thanks, proposed by Professor H. E. Armstrong, and seconded by Professor A. Smithells, 
was carried with acclamation and acknowledged by the Lecturer. 

A vote of thanks to the Officers and Managers of the Royal Institution for the use of the 
Lecture Theatre, moved by the PRESIDENT, was carried unanimously, and acknowledged 
by Sir Robert Robertson. 





LIST OF FELLOWS. 


The List of Fellows for 1933 can be obtained, price ls., on application to the 
Assistant Secretary. 





ANNUAL REPORTS. 


Application for the Annual Reports for 1933 at the reduced price of 5s. 6d. should reach 
the Assistant Secretary by January 15th, 1934. 





PUBLICATIONS OF OTHER SOCIETIES. 


Fellows of the Chemical Society who are not Members of the American Chemical Society 
may procure its publications, and also Chemical Reviews and the Journal of Physical 
Chemistry, for 1934 at the following reduced prices : 
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*Price to Public. Postage. 


1. Journal of the American Chemical Society ’ $1.50 
2. Chemical Abstracts : $2.10 


3 Industrial and Engineering Chemistry : 
(a) Industrial Edition . $1.20 
(b) News Edition ’ $0.60 
(c) Analytical Edition d $0.30 
(a) and (c) together $1.50 
(a), (b), and (c) together ; $2.10 
Application should be made direct to the Secretary, American Chemical Society, Mills 
Building, Washington, D.C., U.S.A., and should be sent as soon as possible. 
A discount of 10 per cent. is allowed for any two journals or all three so long as (3) is 
ordered complete. 
* A special discount of 10 per cent. off all the above prices is allowed to Fellows of the 
Chemical Society who are not Members of the American Chemical Society. 
Fellows residing in Canada pay one-third postage rates, and for those residing in countries 
in the Pan-American Union and Spain there is no charge for postage. 
Chemical Reviews $4.00 $0.50 
Journal of Physical Chemistry $8.00 post free 
Application should be made to the Williams and Wilkins Company, Mount Royal and 
Guilford Avenues, Baltimore, Md., U.S.A. 





RESEARCH FUND. 


A Meeting of the Research Fund Committee will be held in December next. Applic- 
ations for grants, to be made on forms obtainable from the Assistant Secretary, must be. 
received on or before Friday, December Ist, 1933. Applications from Fellows will receive 
prior consideration. 

All persons who have received grants, and whose accounts have not been declared 
closed by the Council, are reminded that reports must be returned by December Ist. 


Attention is drawn to the fact that the income arising from the Donation of the Worship- 
ful Company of Goldsmiths is principally devoted to the encouragement of research in 
Inorganic and Metallurgical Chemistry, and that the income from the Perkin Memorial 
Fund is to be applied to investigations relating to problems connected with the Coal Tar 


and Allied Industries. 





List of Papers,.or Abstracts thereof, received between June 15th and October 19th, 
1933. (This List does not include the titles of papers which have been read at an Ordinary 
Scientific Meeting, or which have appeared in the Journal.) 

“Researches in the phenanthridine series. Part III. Meso-substituted derivatives.” 
By L. P. WALLs. 

“ Period of induction of chemical reactions : action of phosphorous acid on alkali bromate 
and iodate.” By P. Neoa, B. N. SEN, and S. MUKERJEE. 

“The dissociation constants of organic acids. Part VII. Acetic acid: a correction. 
The solvent correction for salts of weak monobasic acids.” By G. H. JEFFERY, A. I. 
VOGEL, and (in part) H. V. Lowry. 

“‘ Studies in the colour reactions of organic compounds. Part I. The colour reactions of 
aryl thiocarbamides.” By G. M. Dyson. 

“ The inhibitory effect of substituents in chemical reactions. Part III. The reactivity 
of the isothiocyano-group in substituted arylthiocarbamides.” By D. W. BROWNE 
and G. M. Dyson. 

“ The diazotisation of aromatic nitro-amines and the prevention of diaryl formation.” By 
H. H. Hopcson and J. WALKER. 

‘“Benzylidene derivatives of 2-aminodiphenylamine-6’-carboxylic acid and 2-amino- 
diphenylamine and their thermal decomposition.” By H. B. NISBET. 
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“Primary photochemical processes. Part III. The absorption spectrum and photo- 
chemical decomposition of keten.”” By R. G. W. Norrisu, H. G. CRONE, and (Miss) 
O. SALTMARSH. 

“ Attempts to prepare tellurophen.” By F. A. McManon, T. G. Pearson, and P. L. 
ROBINSON. 

“ Homologues of phenol.” By G. T. MorGan and A. E. J. PETTET. 

“‘ Synthetical experiments in the chromone group. Part X. Coumarin and chromone 
formation.” By T. C. Cuapua, H. S. MAHAL, and K. VENKATARAMAN. 

“ «-Methyl-tvans-hexahydroindenyl-2-acetic acid and the reduction of a few A*- and 
Aé-unsaturated ¢vans-hexahydrohydrindene (2) compounds.” By R. S. THAKUR. 

“ Condensation products of dicyclic ketones.”” By R. S. THAKUR. 

“ Densities of molten inorganic nitrate mixtures.” By K. LAyBourN and W. M. Mapein. 

“ Reduction products of the hydroxyanthraquinones. Part XIV.” By A. G. PERKIN 
and (in part) N. H. HAppock. 

“‘ The interactions of chloro-substituted aldehydes with chloro-substituted arylhydrazines.” 
By F. D. Cuattraway and A. ADAIR. 

“The dipole moments of some long-chain molecules.”” By J. W. SMITH. 

“‘ The synthesis of dl-homolaudanosoline and its dehydrogenation.”’ By S. SuGASAWA and 
H. YOSHIKAWA. 

‘“‘ Equilibrium constants in terms of activities from cryoscopic data. Part II. The dis- 
sociation of pyridine o-chlorophenoxide in #-dichlorobenzene.”” By H. M. GLass and 
W. M. Mapein. 

“A general method of preparing 2: 4-dinitrophenyl ethers.” By F. R. STorRIE and 
S. H. TUCKER. 

“‘ Physical relationships amongst the hydrides of the fifth group with special reference to 
association in these compounds.”’ By (Miss) A. A. DuRRANT, T. G. PEARSON, and 
P. L. RospInson. 

“ Action of pyridine—acetic anhydride on aldose oximes. Obtainment of hexa-acetyl aldo- 
mannose oxime.””’ By V. DEULOFEU, P. GATTANEO, and G. MENDIVELZUA. 

“ The activity of ammonia in ammonium chloride solutions.”” By H. E. MATTHEWs and 
C. W. Davies. 

“A rearrangement of ortho-acetamido-sulphoxides.” By A. Levi, L. A. WARREN, and S. 
SMILES. 

“The dicarbazyls. Part V. Synthesis of 3: 9’-dicarbazyl.’”” By (Miss) M. C. NELMES 
and S. H. TUCKER. 

““ The acidic properties of disulphones. PartI. The preparation and attempted resolution 
of certain substituted disulphonyl methanes.” By F. B. Kippinc. 

“The acidic properties of disulphones. Part II. The preparation and resolution of 
a-p-carboxyphenylsulphonyl-«f-tolylthiolethane.” By F. B. Kippine. 

“ The relationship between the three forms of cis-cinnamic acid.”” By H. V. W. RoBINSON 
and T. C. JAMEs. 

“7-Phenylthio-derivatives of deoxybenzoin.”” By W. A. MITCHELL and S. SMILEs. 

“ Optical activity in relation to tautomeric change. Part I. Conditions underlying the 
transport of asymmetry in tautomeric systems.’’ By C. K. INGoLD and C. L. WILson. 

“ Arsonic acids of the fluorenone and the fluorenol series.” By G. T. MorGAN and (Miss) 
J. STEWART. 

“ Electrometric studies of the precipitation of hydroxides. Part XII. The reaction of 
sodium hydroxide and platinic chloride in solution, and a note on the reaction of 
potassium cyanide and platinic chloride.” By H. T. S. Britton and E. N. Dopp. 

“ The homogeneous catalysis of stereoisomeric change in oximes.” By T. W. J. TAYLOR 
and D. C. V. RoBErTs. 

The action of bromine on 2- and 6-chloro- and 2- and 6-iodo-3-bromophenols.” By 
H. H. Hopcson and J. Nrxon. 

“ A synthesis of tricin.” By K. C. Gutati and K. VENKATARAMAN. 

“Note on the preparation of halogeno- and other 2-phenylbenzopyrylium salts.” By 
(Mrs.) C. G. LE FEvre and R. J. W. Le FEvre. 
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“1 :4-Selenothian.” By C. S. Grpson and J. D. A. JOHNSON. 

“ ge-Dibromopentane.” By J. D. A. JOHNSON. 

“ Thioxan, selenoxan, and dithian.”” By J. D. A. JOHNSON. 

“‘ Synthesis of octahydrophenanthrene derivatives.”” By J. D. FuLton and R. RoBINson. 

“The measurement of surface and interfacial tensions.” By J. C. SPEAKMAN. 

“Note on the preparation of homopiperonal.” By H. ERDTMAN and R. RoBINsoNn. 

‘ The dielectric polarisation of hydrogen chloride in solution. Part II. Benzene, ethyl 
bromide, and ethylene dichloride.” By F. FAIRBROTHER. 

‘The use of phosphoric oxide as a drying agent for hydrogen chloride.” By F. Fatr- 
BROTHER. 

‘The rotatory dispersive power of organic compounds. Part XXIV. Ascorbic acid.” 
By T. M. Lowry and S. A. PEARMAN. 

‘‘ Physico-chemical studies of complex formation involving weak acids. Part VII. 
Hydroferrocyanic acid, and the precipitation of ferrocyanides of silver, lead, copper, 
zinc, cadmium, cobalt, nickel, and manganese.” By H. T. S. Britton and E. N. Dopp. 

“ Attempts to find new antimalarials. Part VI. Preparation of 8-6 : 7-dimethoxy- 
quinaldyl(4)-ethylamine dihydrochloride.” By K. Mrk1 and R. ROBINSON. 

‘‘ A synthesis of certain naphthalene (1 : 2)-(4’ : 3’)-coumarin derivatives.” By R. RoBIn- 
son and D. J. Rose. 

‘‘ Experiments on the synthesis of physostigmine (eserine). Part VIII.” By F. E. KInc, 
R. Ropinson, and H. SUGINOME. 

‘“‘ Experiments on the synthesis of physostigmine (eserine). Part IX. An improvement 
in the synthesis of dl-eserethole.” By F. E. Kine, M. Licuort, and R. ROBINSON. 

“The phase volume theory and the homogenisation of concentrated emulsions.” By 
J. B. PARKE. 

“The colouring matter on the stems of the tomato.” By B. K. BLount. 

“An attempted synthesis of primetin.” By S. SUGASAWA. 

“The water-gas reaction in low-pressure explosions.””’ By B. W. BRADFORD. 

“The properties of the chlorides of sulphur. Part VI. Chemical analysis.” By A. H. 
SPONG. 

“ Polycyclic aromatic hydrocarbons. Part XII. The orientation of derivatives of 
1 : 2-benzanthracene, with notes on the preparation of some new homologues, and 
on the isolation of 3: 4:5: 6-dibenzphenanthrene.” By J. W. Cook. 

“On the alleged colour and dyestuff-nature of some tetra-alkyl-methane derivatives.” 
By A. WEISSBERGER and J. THIELE. 

“Studies in electrolytic oxidation. Part IV. Anodic polarisation in halide solutions.” 
By S. GLAssTONE and A. HICKLING. 

“On the vaporous state of myristic acid films on aqueous solutions.” By S. A. Moss and 
E. K. RIDEAL. 

“The constituents of Filix Mas. Part II. The synthesis of filicinic acid.” By A. 
ROBERTSON and (the late) W. F. SANDROCK. 

“Syntheses of glycosides. Part X. The synthesis of primeverin.” By E. T. JONES 
and A. ROBERTSON. 

“ On 2 : 3-dichlorodioxan.” By W. BAKER and A. SHANNON. 

‘The valency angle of sulphur.””. By G. M. BENNETT and S. GLASSTONE. 
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ADDITIONS TO THE LIBRARY. 


I. Donations. 


ABDERHALDEN, Emit. ([Editor.] Hand- 
buch der biologischen Arbeitsmethoden. Abt. 
I, Chemische Methoden, Teil 11, Heft vi. 
Alkaloide. By REINHARD SEKA. Berlin 1933. 
pp. 1069 to 1424. M. 19. (Recd. 21/8/33.) 
From the Publishers: Herren Urban & 


Schwarzenberg. 

Bo.ituHo, HEcTOR. 
Melchett. 
ill. 2ls. net. 


Alfred Mond, first Lord 
London 1933. pp. xiv + 392. 
(Recd. 17/6/33.) 
From Lord Melchett. 
Evans, ELLiott ALFRED. Lubricating and 
allied oils. 2nd edition. London 1933. pp. 
xvi+ 175. ill. 9s. 6d. net. (Recd. 19/8/33.) 
From the Publishers: Messrs. Chapman & Hall 
Farapay Society. Liquid crystals and 
anisotropic melts. A general discussion. 
London 1933. pp. iv + 206. ill. 12s. 6d. 
net. (Recd. 6/10/33.) From the Society. 
FInTER, F. B. An introduction to physical 
chemistry. Revised edition. London 1933. 
pp. xvi + 276. ill. 6s. (Recd. 28/9/33.) 
INGLE, HERBERT. A manual of agricul- 
tural chemistry. 5th edition. London 1933. 
pp. x + 448. ill. 15s. net. (Recd. 27/6/33.) 
From the Author. 
THE RUBBER INDUSTRY. 
Vol. VIII, etc.- London 


INSTITUTION OF 
I.R.I. Transactions. 
1932 +. (Reference.) 

From the Bureau of Chemical Abstracts. 

MELLIAND TEXTILE MontHLy. Vol. IV, 
etc. Brooklyn, N.Y. 1932+. (Reference.) 

From the Bureau of Chemical Abstracts. 

MITCHELL, STOTHERD. The Cotton effect 
and related phenomena. London 1933. pp. 
viii + 192. ill. 7s. 6d. net. (Recd. 27/6/33.) 
From the Publishers: Messrs. G. Bell & Sons. 

Monp, ALFRED, First Lorp MELCHETT. 
See Bo.titHo, HEcTOoR. 

MoopeEy, H. S. Qualitative 
London 1933. pp. x + 182. ill. 5s. (Recd. 
26/7/33.) From 
the Publishers: Messrs. William Heinemann. 

Morris, T. N. Principles of fruit preserv- 
ation. Jam making, canning, and drying. 
(Monographs on Applied Chemistry.) London 
1933. pp. xiv + 240. ill. 15s. net. (Recd. 
4/8/33.) From 
the Publishers : Messrs. Chapman & Hall. 

NEW ZEALAND. Council of Scientific and 
Industrial Research, The New Zealand 
Journal of Science and Technology. Vol. 
XIV, etc. Wellington 1932+. (Reference.) 

From the Bureau of Chemical Abstracts. 


analysis. 


REDGROVE, HERBERT STANLEY. Spices and 
condiments. London 1933. pp. xviii + 362. 
ill. 15s. net. (Recd. 8/7/33.) From 
the Publishers: Sir Isaac Pitman & Sons. 

SipGwick, NEvit ViIncENT. Some physical 
properties of the covalent link in chemistry. 
Ithaca 1933. pp. xii+ 250. ill. (Recd. 
11/9/33.) $.2. From 
the Publishers : The Cornell University Press. 

STEVENS, HENRY PoTTER, and DONALD, 
MAXWELL Bruce. Rubber in chemical en- 
gineering. London 1933. pp. iv + 57. ill. 
(Recd. 25/9/33.) From the Publishers : 
The Rubber Growers’ Association. 

SurE, BARNETT. The vitamins in health 
and disease. New York 1933. pp. xiv + 
206. $2. (Recd. 23/9/33.) 

From Mr. A. L. Bacharach. 
FrRaNK SHERWOOD. A _ short 
organic chemistry. London 1933. pp. viii + 
378. ill. 5s. (Recd, 25/9/33.) From 
the Publishers: Messrs. William Heinemann. 

Witson, Wiiiam. Theoretical physics. 
Vol. II. Electromagnetism and optics. Max- 
well—Lorenz. London 1933. pp. xii + 316. 
ill. 18s. net. (Recd. 6/10/33.) 

From the Publishers: Messrs. Methuen & Co. 

WoTSCHKE, JOHANNES. Grundlagen des 
elektrischen Schmelzofens. Elektrische Ge- 
setzmassigkeiten. Bauliche Gliederung. 
Energiehaushalt. (Monograph. angew. Elek- 
trochem. Vol. 52.) Halle (Saale) 1933. pp. 
viii + 505. ill. M.42. (Recd. 17/8/33.) 

From the Publisher : Herr Wilhelm Knapp. 


II. By Purchase. 


Vol. I. Part iii. 
Materialtrennung. 
Leipzig 1933. pp. 


TAYLOR, 


CHEMIE-INGENIEUR, DER. 
Thermisch-mechanische 
By S. Erx [and others]. 
x + 327. ill. M. 31.50. (Recd. 22/6/33.) 

DANIELS, RICHARD GEORGE. Nitro-cellu- 
lose lacquer manufacture. London (1933). 
pp. xiv + 122. ill. 10s.net. (Recd. 20/6/33.) 

EKKERT, Lap. Erkennung  organischer 
Verbindungen im besonderen von Arznei- 
mitteln. (Die chemische Analyse. Vol. 
XXXII.) Stuttgart 1933. pp. viii + 184. 
(Reference.) 

EMPIRE MARKETING Boarp. Survey of 
oilseeds and vegetable oils. Vol. I. Oil palm 
products. Vol. II. Coconut palm products. 
A summary of production and trade. London 
1932. pp. 130, 196. (Reference.) 3s. net. 

Oilseeds and vegetable oils. A sum- 
mary of figures of production. London 1932. 
pp. 66. (Reference.) 6d. net. 
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FORTHCOMING MEETINGS, ETC., OUTSIDE LONDON. 


GLASGOW. 


Friday, December 8th, 1933, at 6.45 p.m. The Ramsay Chemical Dinner, Central 
Hotel, Glasgow. 






MANCHESTER. 

Thursday, November 9th, 1933, at 7 p.m. Lecture entitled ‘‘ Molecules Pictorial,” 
by Professor J. E. Lennard-Jones, D.Sc., Ph.D., F.R.S. In the Chemistry Lecture 
Theatre of the University. 

Thursday, November 30th, 1933, at 7 p.m. Lecture entitled “‘ The Relations between 


Photochemical and Thermochemical Reactions,” by Professor A. J. Allmand, M.C., D.Sc., 
F.R.S. In the Chemistry Lecture Theatre of the University. 


NEWCASTLE AND DURHAM. 


Friday, November 3rd, 1933. The 23rd Bedson Lecture in the Chemistry Lecture 
Theatre, Armstrong College, Newcastle-on-Tyne, entitled ‘‘ Recent Work on the Vitamin- 
B Complex,” by Professor R. A. Peters, M.A., M.D. 

Fellows of the Society are invited to attend this Lecture. 


NORTH WALES. 


Friday, December Ist, 1933, at 6 p.m. Lecture by Professor R. Robinson, D.Sc., 
F.R.S., at University College of N. Wales, Bangor, entitled ‘Group Protection Devices.” 
The Lecture will be followed by a Dinner. 


[Note.—The Discussion announced for February 2nd, 1934, on “ The Early Training 
of the Chemist,’’ will be opened by Professor T. C. James, M.A., D.Sc.] 
SHEFFIELD. 


Thursday, November 30th, 1933, at 7.30 p.m. Lecture at the University entitled 
‘“Some Modern Developments in Analytical Chemistry,”’ by Mr. J. B. Smith, A.R.C.S. 

















SOUTH WALES. 


Thursday, November 9th, 1933, at 6 p.m. A Meeting will be held jointly with the 
Chemical Society of the University College of Swansea in the Chemistry Lecture Theatre 
of the College, at which Professor S. Sugden, D.Sc., A.I.C., will deliver a Lecture on ‘‘ Some 
Applications of Magnetism to Chemical Problems.”’ 


Friday, November 24th, 1933, at 4.30-6.30 p.m. and at 7.30 p.m. At the invitation 
of the University College of South Wales and Monmouthshire, Cardiff, an Ordinary 
Scientific Meeting will be held in the Lecture Theatre of the Tatem Laboratories, Cathay’s 
Park, Cardiff. The meeting will be devoted to a discussion on ‘‘ Chemical Applications 
of Optical and Morphological Crystallography.” Professor G. T. Morgan, O.B.E., D.Sc., 
F.R.S. (President), will preside. Contributions to the discussion will be made by Pro- 
fessor G. M. Bennett, Dr. N. H. Hartshorne, Mr. E. G. Cox, Mr. F. M. Lea, Dr. Mary W. 
Porter, Dr. N. M. Cullinane, Mr. A. Stuart, Mr. R. G. Wood, and others. 

There will be an informal dinner (about 3s.) during the interval, 6.30-7.30 p.m., and 
Fellows wishing to attend should notify the Local Representative (Professor J. E. Coates, 
0.B.E., D.Sc., University College, Swansea) before Monday, November 20th. 















FORTHCOMING MEETINGS, ETC., IN LONDON. 


Thursday, November 2nd, 1933, at 8 p.m. 





Ordinary Scientific Meeting. The following papers will be read :— 


‘Studies of the Beckmann change. Part I. The spontaneous rearrangement of oxime 
picryl ethers.’””’ By A. W. CHAPMAN and C. C. Howts. 

“Primary photochemical processes. Part III. The absorption spectrum and photo- 
chemical decomposition of keten.” By R. G. W. Norrisu, H. G. Crone, and Miss 


O. SALTMARSH. 
“Researches in the phenanthridine series. 


By L. P. WALLs. 
‘“‘ Homologues of phenol.’”’ By G. T. Morcan and A. E. J. PETTET. 


Part III. Meso-substituted derivatives.’ 


Thursday, November 16th, 1933, at 8 p.m. 





Discussion on “‘ Condensed Aromatic Ring Systems,” to be opened by Dr. R. Fraser 


Thomson. 
Thursday, December 7th, 1933, at 8 p.m. 





Ordinary Scientific Meeting. 
Thursday, December 21st, 1933, at 8 p.m. 





Ordinary Scientific Meeting. 





INSTITUTE OF FUEL. 


On Wednesday, November 8th, 1933, at 6 p.m., Drs. J. G. King, L. Horton, and F. A. 
Williams will read a paper before the Institute of Fuel entitled ‘‘ The Progressive Action 
of Hydrogen on Coal.” The meeting will be held in the Meeting Room of the Chemical 
Society, and a cordial invitation is extended to any Fellows of the Chemical Society to 
attend and take part in the discussion. Advance proofs of the paper can be obtained on 
application to the Secretary of the Institute of Fuel, 53, Victoria Street, S.W. 1. 





ANNUAL CHEMICAL DINNER. 


The Annual Chemical Dinner will be held at the Wharncliffe Rooms, Hotel Great 
Central, N.W. 1, on Tuesday, November 28th, 1933, at 7 for 7.30 p.m. Tickets, price 
12s. 6d. each, can be obtained from Mr. F. A. Greene, Chemical Club, 2, Whitehall Court, 


S.W. 1. 





PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


Extra Meeting at the University, Sheffield, on October 26th, 1933, at 8 p.m., preceded 
by a dinner at which Professor S. R. Milner, F.R.S., was one of the guests. Dr. R. H. 
PICKARD, F.R.S., Vice-President, was in the Chair. There were about 80 present. 
Professor A. J. Allmand, M.C., D.Sc., F.R.S., delivered his lecture entitied: ‘“‘ Relations 
between Photochemical and Thermal Reaction Mechanism,” and at the conclusion of the 
lecture a vote of thanks to the lecturer, proposed by Mr. John Evans and seconded by 
Professor G. M. Bennett, was carried with acclamation. 





Ordinary Scientific Meeting, Thursday, November 2nd, 1933, at 8 p.m., Professor 
G. T. Morcan, O.B.E., D.Sc., F.R.S., President, in the Chair. 
The PRESIDENT referred to the loss sustained by the Society, through death, of the 


following Fellows : 
Elected. Died. 


Arthur Brand Chater May 3rd, 1900. Feb. 13th, 1932. 
Frederick William Fletcher April 16th, 1874. Oct. 19th, 1933. 


The following were formally admitted Fellows of the Society: Ralph J. B. Marsden, 
H. O. Jenkins, Miss E. F. Johnston, Miss E. M. Read, A. B. D. Cassie, and Miss M. M. T. 


Plant. 
Forms of Recommendation were read for the first time in favour of: 


Henry George Alexander Anderson, B.Sc., A.I.C., 7, Leslie Street, Pollokshields, Glasgow, S. 1. 
William Bernard Brown, B.Sc., A.R.C.S., 32, Portland Road, Rushden, Northants. 

Derek John Campbeli-Gamble, B.A., A.I.C., 7, Welby Gardens, Grantham, Lincs. 

Archibald Barclay Crawford, Ph.D., 10, Burnbank Gardens, Glasgow, N.W. 

Joseph Harold Crook, B.Sc., 4, Percy Street, Fartown, Huddersfield. 

Isaac Vance Hopper, B.Sc., Ph.D., 469, Tantallon Road, Langside, Glasgow, S. 1. 

Jagadish Kumar Lahiri, 109, Pollards Hill South, Norbury, S.W. 16. 

Alan Harvey Leckie, B.Sc., Strathgarve, Bradmore Way, Brookmans Park, Hatfield, Herts. 
Thomas Love, B.Sc., 20, McLelland Drive, Kilmarnock, Ayrshire. 

William Smythe Moore, B.Sc., 30, Queen’s Avenue, Woodford Green, Essex. 

Frederick Denys Richardson, B.Sc., 11, Torrington Square, Bloomsbury, W.C. 1. 

Dennis Frank Runnicles, 21, Ashling Road, Addiscombe, Croydon. 

Francis Charles Julian Ruzicka, B.Sc., A.R.C.S., 94, Middle Lane, Hornsey, N. 8. 

Mary Christina Thompsca, B.Sc., 16, Elmwood Road, Herne Hill, S.E. 24. 


Mr. F. P. Dunn and Dr. H. J. T. Ellingham were elected Scrutators, and a ballot for 
the election of Honorary Fellows was held. The following were subsequently declared 


elected : 


Professor Auguste Béhal (Paris). 

Professor Edward C. Franklin (Stanford, California). 
Sir Frederick G. Hopkins, Pres.R.S. (Cambridge). 
Professor Camille Matignon (Paris). 

Sir Prafulla Chandra Ray (Calcutta). 

Professor F. A. H. Schreinemakers (Leyden). 
Professor Dr. Adolf Windaus (G6ttingen). 


The following papers were read : 
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“Studies of the Beckmann change. Part I. The spontaneous rearrangement of oxime 
picryl ethers.” By A. W. CHAPMAN and C. C. Howls. 

“Primary photochemical processes. Part III. The absorption spectrum and photo- 
chemical decomposition of keten.” By R. G. W. Norrisu, H. G. Crone, and Miss 
O. SALTMARSH. 

“Researches in the phenanthridine series. Part III. Meso-substituted derivatives.” 
By L. P. WALLs. 

““Homologues of phenol.”” By G. T. MorGan and A. E. J. PETTET. 





A joint meeting of the Chemical Society with the Chemical Society of the University 
College of Swansea was held at the College on Thursday, November 9th, 1933, at 6 p.m. 
The chair was taken by Mr. D. E. Jones, President of the College Chemical Society. Pro- 
fessor S. Sugden, D.Sc., delivered a lecture entitled: ‘‘ Some applications of magnetism 
to chemical problems.” 

After briefly explaining the phenomena of diamagnetism and paramagnetism, 
Professor Sugden described the experimental method used in his own work, and 
gave examples of the value of susceptibility measurements, dealing first with com- 
pounds suspected of being odd molecules (paramagnetic), and secondly with some com- 
pounds of transition elements, in particular of bivalent silver and of nickel (isomeric 
glyoximes). 

A vote of thanks, proposed by Professor J. E. Coates and seconded by Mr. T. H. 
Walters, was accorded to Professor Sugden, who in the course of his reply referred to the 
special facilities offered by the Society to younger Fellows. 

The meeting was well attended and Fellows from Aberystwyth and Cardiff were 
present. 





Ordinary Scientific Meeting, Thursday, November 16th, 1933, at 8 p.m., Professor 
G. T. Morcan, O.B.E., D.Sc., F.R.S., President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, through death on July 
3rd, 1933, of Mr. Johannes C. Briinnich, who was elected a Fellow on December Ist, 1898. 


It was announced that the Council had appointed the following Representatives : 


Bureau of Chemical Abstracts: Mr. F. P. Dunn, Mr. A. J. Greenaway, Dr. J. T. Hewitt, 
and Professor T. S. Moore, together with Mr. Emile Mond (Treasurer) ex officio. 
Federal Council for Chemistry : Professor T. S. Moore, Sir William J. Pope, and Professor 

J. F. Thorpe. 
British Editorial Board of the Journal of Physical Chemistry: Mr. E. J. Bowen, Professor 
W. E. Garner, and Professor T. M. Lowry. 


Messrs. I. Hieger, K. Trouern Trend, and G. H. J. Neville were formally admitted 
Fellows of the Chemical Society. 


Forms of Recommendation were read for the first time in favour of : 


Fritz Arndt, D.Phil., 5, Wellington Square, Oxford. 

Arthur Edward Bailey, Three Counties Hospital, Arlesey, Beds. 

Wilson Charles Geoffrey Baldwin, B.A., Christ’s College, Cambridge. 

Jack Wheeler Barrett, B.Sc., A.R.C.S., 10a, Baron’s Court Road, W. 14. 

Thomas Henry Goodwin, B.Sc., 26, Bournbrook Road, Selly Hill, Birmingham. 
William Edward James Hansford, 21, The Broadway, Thorpe Bay, Essex. 

William Hetherington, 108, Cold Harbour Road, Redland, Bristol. 

Henry Reginald Hirst, M.Sc., F.1.C., Wool Industries Research Association, Torridon, Leeds. 
Justus Kenneth Landquist, 4, Purley Avenue, N.W. 2. 

Constance Mary McDowell, Ph.D., 4, Brookfield Park, N.W. 5. 

Arthur Thomas Masterman, M.A., D.Sc., F.R.S., 3, Kedale Road, Seaford, Sussex. 
James William Skeen, 66, Basnett Road, Lavender Hill, S.W. 11. 

Robert Fraser Thomson, M.A., D.Sc., Thistlebank, Grangemouth. 

Ronald Branston Williams, B.A., B.Sc., Corpus Christi College, Oxford. 

Edmund Denys Yates, Ph.D., A.I.C., 4, Woodville Road, Cathays, Cardiff. 
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The following forms of Recommendation have been accepted by the Council under 
Bye-Law I (2) : 
Francisco Gignoli, Prof. Dr., General Mitre 1117, Rosario de Santa Fé, Argentine. 
Stanley Haines Edwards, c/o Laboratory, Shell Co. of N.Z., Ltd., Hutt Road, Wellington, 
New Zealand. 


Edward William Fairbrass, Sohrab House, Hornby Road, Bombay, 
Eric Hume Phillips, Marine Terrace, Geraldton, W. Australia. 


Forms of Recommendation for Fellowship in favour of 14 candidates were read for 
the second time. 


A Discussion on “‘ Condensed Aromatic Ring Systems,’”’ was opened by Dr. R. Fraser 
Thomson, and continued by Professor G. R. Clemo, Dr. J. W. Cook, Dr. G. A. R. Kon, 
Professor I. M. Heilbron, Professor R. Robinson, Dr. R. D. Haworth, and Dr. Ernst 
Bergmann. 





LIST OF FELLOWS. 


The List of Fellows for 1933 (corrected to August) contains information indicating the 
Societies and Institutions to which each Fellow belongs. It can be obtained, price One 
Shilling, on application to the Assistant Secretary. 





ANNUAL REPORTS. 


Application for the Annual Reports for 1933 at the reduced price of 5s. 6d. should 
reach the Assistant Secretary by January 15th, 1934. 





THE LIBRARY. 


The Library will be closed for the Christmas Holidays from Friday, December 22nd, 
at 1 p.m., until Thursday, December 28th, at 10 a.m. 





List of Papers, or abstracts thereof, received between October 19th and November 
16th, 1933. (This List does not include the titles of papers which have been read at an 
Ordinary Scientific Meeting, or which have appeared in the Journal.) 


‘‘The asymmetric arsenic atom. Attempts to prepare optically active arsenicals.”” By 
J. D. A. JOHNSON. 

“Conditions for the formation of rings attached to the meta-positions of the benzene 
nucleus.”’ By S. G. P. PLANT. 

‘The combustion of hydrocarbons.”” By W. A. Bone. 

‘“‘Comparison of the directive powers of elements having consecutive atomic numbers. 
Part VI. Examinations of further possible comparative cases, and conclusions.” By 
(Mrs.) C. G. LE FEvre, R. J. W. LE FEvre, and J. PEARSON. 

‘ Beryllium benzoylacetonate.”” By R. W. BatLey, F. M. Brewer, and H. M. Powe. 

‘“‘ Some electrostatic factors which can operate in polar reactions.”” By W. A. WATERS. 

‘“‘ The formation of alkali metal hydrides by atomic hydrogen.” By E. FERRELL, T. G. 
PEARSON, and P. L. ROBINSON. 

“The preparation of zsobutylenediamine.”” By H. D. K. Drew and F. S. H. Heap. 

“The effect of pressure on the binary system monomethylaniline-dimethylaniline.” By 
J. C. SwALLow and R. O. GrBson. 

“ The purification of liquids by freezing.” By A. R. J. P. UBBELOHDE. 
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‘“‘ The systems acetone-sodium hydroxide—water and acetone—potassium hydroxide—water 
at 0°.” By C. W. Gipsy. 

“Influence of poles and polar linkings on the course pursued by elimination reactions. 
Part XXI. Dynamics of the elimination of the /ert.-butyl group from sulphonium 
compounds.” By E. D. HuGues and C. K. INGOLD. 

“‘ Synthesis of ketonorpinic acid and ketoapopinanedicarboxylic ester.”” By P. C. GuHA 
and R. C. Das GupTa. ; 

“ The mobility of groups containing a sulphur atom. Part III.” By D. W. Cowles and 
D. T. GrBson. 

“ The kinetics of certain reactions of the alkyl halides in hydroxylic solvents.” By E. A. 
MOELWYN-HUGHES. 

““m-Nonane as an impurity in o-xylene.” By L. E. Hine, E. E. Ay ine, and T. M. 
WALTERS. 

“ Factors determining the electrolytic dissociation of salts.”” By J. A. V. BuTLER and 
W. J. C. Orr. 

“The action of halogens upon the nitrophenylazobenzoylacetones.” By F. D. CHattTa- 
way and D. R. AsHwortu. 

“The heterogeneous combustion of carbonic oxide on quartz: water as a negative 
catalyst.” By B. W. Braprorp. 

“ The structure of the glutaconic acids and esters. Part VIII. Some cyclic compounds 
of the glutaconic and citraconic series.’””’ By G. A. R. Kon and B. L. NANpI. 

“‘ Studies in chemisorption on charcoal. Part II. Experiments on the formation of acid 
in charcoal.” By A. KING. 

“‘ Studies in chemisorption on charcoal. Part III. The effect of moisture on the adsorp- 
tion of oxygen.”’ By A. KING. 

“Studies in Jaborandi alkaloids. Part I. Synthesis of d/-homopilopic acid.” By A. N. 
DEY. 

“The formation of organo-metalloidal compounds by micro-organisms. Part II. Di- 
methyl selenide.” By F. CHALLENGER and H. E. Nortu. 

“ The optical activity of a diphenyl derivative, the dissymmetry of which is caused by the 
space effect of only one group.” By (Miss) M. S. Lessiie and E. E. TuRNER. 

“‘ Optical rotatory dispersion in the carbohydrate group. Part II. Ascorbic acid.” By 
R. W. HERBERT, E. L. Hirst, and C. E. Woop. 

“The nitration of alkyl benzenes. Part I. The nitration of f-ethyltoluene.”’ By O. L. 
Brapy and J. N. E. Day. 

“ The ignition of some explosive mixtures by modified coil discharges.” By B. W. Brap- 
FORD, G. I. Frncn, and A. M. Prior. 

“New derivatives of methoxymalonic acid.” By J. PrRypDE and R. T. WILLIAMs. 

‘‘ Optical activity in relation to tautomeric change. Part II. Comparison between the 
rate of racemisation of a tautomeric substance and the rate of its tautomeric inter- 
conversion.”” By C. K. INGoLp and C. L. WILson. 

‘Optical activity in relation to tautomeric change. Part III. Constitutional and 
catalytic influences on the rates of racemisation of prototropic compounds.” By 


C. L. WILsoN. 
‘“‘ The synthesis of nine chloroiodonaphthalenes.” By R. W. BEATTIE and F. C. Wuit- 


MORE. 
‘The intramolecular strain in substituted dihydroresorcinols. Part II. Substituted 
phenyldihydroresorcinols.” By L. E. HINKEL, E. E. AyLinG, and J. F. J. Dippy. 
“The preparation of naphthastyril from 8-bromo-l-naphthoic acid.” By H. G. RULE 
and R. R. H. Brown. 
“Substitution in the methyl-4’-nitro- and -4’-acetamidodiphenyl ethers.” By H. A. 
SCARBOROUGH and J. L. SWEETEN. 
“ The electric dipole moments of nitromesitylene and of the bimolecular forms of nitroso- 
mesitylene and 2-nitroso-2 : 5-dimethylhexane.” By D. Li. Hammick, R. G. A. 
NEw, and R. B. WILLIAMs. 
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“The composition of precipitated cobalt sulphides.”” By A. W. MIDDLETON and A. M. 


WarD. 
‘“‘ The influence of solvents and of other factors on the rotation of optically active com- 


pounds. Part XXXII. The rotation dispersion of esters of dibenzoyl-d-tartaric 
acid in various solvents.”” By T. S. PATTERSON and D. McCREATH. 
“Preparation of camphorquinone.” By W. C. Evans, J. M. Ruipvcion, and J. L. 


SIMONSEN. 





FORMS OF RECOMMENDATION FOR FELLOWSHIP. THE BALLOT WILL 
BE HELD AT THE ORDINARY SCIENTIFIC MEETING ON THURSDAY, 


DECEMBER 7th, 1933. 


AKEROYD, Ewart InGHam, 5, Watford St., Shelton, Stoke-on-Trent, Staffs. British. 
Research Student, Cambridge University. B.A. (Cantab.). Part I, Natural Sciences Tripos, 
Ist; Part II, Natural Sciences Tripos, Ist (Chemistry). (Signed by) Jas. Wallace, R. G. W. 
Norrish, G. H. J. Neville. 

ANDERSON, HENRY GEORGE ALEXANDER, 7, Leslie Street, Pollokshields, Glasgow, S. 1. 
Scottish. Assistant Lecturer, Royal Technical College, Glasgow. B.Sc. (Glasgow); A.R.T.C., 
A.I.C, Joint author with Messrs. Cumming, Duncan, and Ashcroft on “‘ The Reduction of 
o- and p-Nitrobenzaldehydes and some of their Derivatives in Neutral Solution (J. Roy. Tech. 
College, Glasgow, 1932, 2, 596-600). Demonstrator in Roy. Tech. College since May 1928. 
(Signed by) W. M. Cumming, F. J. Wilson, R. M. Caven. 

ARMSTRONG, KENNETH FRANKLAND, Merton College, Oxford. British. Student. B.A.,. 
B.Sc., Oxford. Publications: ‘‘ Studies in the Chlorophyll Series, X,” J. B. Conant and 
K. F. Armstrong, J. Amer. Chem. Soc., 1933, p. 839; ‘‘ The Glycosides,” E. F. Armstrong 
and K. F. Armstrong, Longmans, Green & Co., 1931. (Signed by) D. Ll. Hammick, R. 
Robinson, E. Hope. 

ARNDT, Fritz, 5, Wellington Square, Oxford. German. Research work in Organic Chemis- 
try at Oxford. Retired German full Professor of Chemistry. Dr. phil. (Signed by) Robert 
Robinson, N. V. Sidgwick, Alex. R. Todd. 

BaiLey, ARTHUR Epwarp, Three Counties Hospital, Arlesey, Beds. English. Resident 
Chemist to Three Counties Hospital. Member of Pharmaceutical Society. Diploma in Bio- 
chemical Analysis (Pharm. Soc.). ‘‘ Necessity of Sterilising ‘ T.I.P.’”’ (Pharm. J., Dec. 1930) 
and two other papers in Pharm. J. (Signed by) R. B. Craig, V. W. Slater, A. N. C. Bennett, 
I. E. Weber, Raymond R. Butler. 

BaLpWIN, WILSON CHARLES GEOFFREY, Sandholm, St. George’s Av., Dovercourt, Essex 
(Christ’s Coll. Cambridge). British. Research Student. Nat. Sci. Tripos Pt. 1 (Ist Class) 
and Pt. 2 (Ist Class); B.A., 1933 (Cambridge). One year experience as chemist at The 
Explosives and Chemical Products, Ltd., Great Oakley, Essex. Date of birth April 9th, 1912. 
(Signed by) T. M. Lowry, S. G. Foord, Ronald B. Mooney. 

BARRER, RICHARD MALING, Clare College, Cambridge. British. Student. M.Sc., Univ. 
of New Zealand. 1851 Exhibitioner, 1932, ‘‘ Catalytic Hydrogenation of Hydrocyanic Acid ”’ 
(Thesis, Univ. of N.Z., awaiting publication); ‘‘ Activated Diffusion through Silica ’’ (awaiting 
publication, Colloid Science Lab., Cambridge) ; ‘‘ Interactions between Hydrogen and Charcoal ”’ 
(research in progress), Date of birth June 16th, 1910. (Signed by) A. S, C. Lawrence, Eric 
K. Rideal, Gwyn Williams. 

BARRETT, JACK WHEELER, 10a, Baron’s Court Road, W.14. British. Research Student. 
A.R.C.S. and B.Sc. (Ist Class) at Royal College of Science. (Signed by) Jocelyn Thorpe, 
James C, Philip, R. P. Linstead. 

Barry, VINCENT CHRISTOPHER, Mill Street House, Galway. Irish. University Assistant. 
M.Sc., N.U.I. Publication: ‘“‘ Derivatives of Benzo-Difurfuran,” with J. Algar and T. F. 
Twomey, Proc. Royal Irish Academy. Science Teacher in Technical Institute, Galway, since 
1929. Asst. in Chemistry, Univ. College, Galway, since 1929. (Signed by) Thos. Dillon, 
A. G. G. Leonard, Thos. J. Nolan, A. O. Farrelly. 

BENNISON, JOHN Carr, 53, Beaconsfield Road, Cannon Hill, Birmingham 12. British, 
Veterinary Surgeon. M.R.C.V.S. (Lond.). Student for D.V.S.M. (Vict.) at the Public Health 
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Lab., Manchester. Date of birth Nov. 8th, 1908. (Signed by) E. C. Bennison, F. W. Crossley- 
Holland, H. A. Caulkin. 

BopEN, ALEXANDER, 255, Mowbray Road, Chatswood, N.S.W. British. Research 
Student. Engaged in research work on chemistry of hormones in collaboration with Dr. V. M. 
Trikojus. (Signed by) J. C. Earl, H. Finnemore, C. E. Fawsitt, T. Iredale. 

Brown, WILLIAM BERNARD, 32, Portland Road, Rushden, Northants. British. Research 
Student. B.Sc., A.R.C.S. (Royal College of Science). I have just taken up Organic Research 
work at the Royal College of Science, and wish to avail myself of the facilities offered by the 
Society in this subject. Date of birth Oct. 3rd, 1912. (Signed by) G. A. R. Kon, M. A. 
Whiteley, E. H. Farmer. 

CaLEy, GILBERT FaTkIN, Sydney, N.S.W. (1, Brockett Close, Welwyn Garden City, Herts.). 
British. Works Manager and Technical Chemist. Member of Australian Chemical Institute, 
Sydney, and of the Royal Society of New South Wales. Formerly General Manager in Sydney 
of Desikoko, Ltd. (Edible Oils, etc.). Manager of Glycerine Distillery Co., Ltd., Sydney. 
(Signed by) H. E. Cox, Bernard Dyer, George Taylor. 

CAMPBELL-GAMBLE, DEREK JOHN, 7, Welby Gardens, Grantham, Lincs. British. Re- 
search Student. B.A. (Hons.) Cantab.; A.I.C. To receive the publications and make use 
of the library, and attend lectures, etc., also to apply for grants. Date of birth Sept. 16th, 1910. 
(Signed by) F. P. Bowden, W. H. Mills, R. G. W. Norrish. 

CANNING, GEORGINA ELIZABETH, ‘ Belhaven,’’ Whitehead, Co. Antrim, N. Ireland. 
British. Assistant Lecturer, Dept. of Chemistry, Queen’s University, Belfast. B.Sc., Ist 
Class Hons. Chem.; M.Sc. Both obtained at Queen’s University, Belfast. ‘‘ Research on 
Residual Affinity in Heterocyclic Organic Compounds,”’ 1929-1933. Assistant Lecturer, 
Dept. of Chemistry, Q.U.B., 1930-1933. Awarded Post-Graduate Scholarship, and Andrews 
Research Studentship, 1929. (Signed by) A. W. Stewart, H. Graham, R. W. Kinkead. 

CARRUTHERS, JOHN EUGENE, Granby House, Whitehaven, Cumberland. British. Re- 
search Student, Cambridge University. B.A. (Cantab.), Part I, Natural Sciences Tripos, 
Cambridge, Ist Class. Part II, Natural Sciences Tripos, Cambridge, Ist Class (Chemistry). 
(Signed by) Jas. Wallace, R. G. W. Norrish, G. H. J. Neville. 

CHAMBERLAIN, NORMAN HENrRy, Regnal House, 6, Eccleston Street, Victoria, S.W.1. 
British. Industrial Research Worker. B.Sc. (Hons.), Leeds; Ph.D., Leeds. Research 
Assistant, Dept. of Textile Industries, Leeds University, 1930-33. Use of library, attendance 
at meetings, publications desired. (Signed by) F. M. Rowe, W. Lowson, W. A. Wightman. 

CRAWFORD, ARCHIBALD Barctay, 10, Burnbank Gardens, Glasgow, N.W._ British. 
Lecturer in Chemistry. A.R.T.C., B.Sc. (with special distinction in Organic and Technical 
Chemistry), Glasgow. Ph.D. (Glasgow). Lecturer, Chemistry Dept., The Royal Technical 
College, Glasgow. J.C.S., 1922, 121, 866; 1925, 127, 103. (Signed by) W. M. Cumming, 
F. J. Wilson, R. M. Caven. 

CRAWLEY, AILSA VICTORIAN, 26, Perryn Road, W. 3. British. Senior Chemistry Mistress, 
Brondesbury and Kilburn High School. B.Sc. Hons. (in Chem., 2nd Class), London, Univ. 
College, 1923; A.I.C. As above, since 1928. 1915-1918, Assistant Analyst, Messrs. Watney, 
Combe, Reid & Co. 1923-1927, Senior Chemistry Mistress, Varndean School, Brighton. 
1927, Temporary Senior Chemistry Mistress, Wycombe Abbey. 1927, Senior Science Mistress, 
Dereham High School. (Signed by) Julian L. Baker, Henry F. Everard Hulton, O. L. Brady. 

Crook, JOSEPH HArRoLp, 4, Percy Street, Fartown, Huddersfield. British. Research 
Student. B.Sc., London. The papers quoted below have been published in conjunction with 
Dr. H. H. Hodgson: J.C.S., 1932, 1812, 2976; 1933, 825. Date of birth Oct. 18th, 1909. 
(Signed by) Herbert H. Hodgson, James Bruce, Arnold Kershaw. 

Dane, HENRY ARTHUR, 1, Waterlow Road, Upper Holloway, N. 19. English. Student 
(Royal College of Science, S. Kensington, S.W. 7). Date of birth Nov. 20th, 1912. (Signed 
by) James C. Philip, H. J. T. Ellingham, M. A. Whiteley. 

DANGERFIELD, WILLIAM GARDINER, Ottava, Vicarage Road, Chelston, Torquay, Devon. 
British. Research Student and Demonstrator. B.Sc. (Leeds); Ph.D. (Leeds). Date of 
birth April llth, 1910. (Signed by) F. M. Rowe, Glyn Owen, A. T. Peters. 

Davip, AUDREY WINIFRED, 3, Colchester Avenue, Pen-y-lan, Cardiff. British. Research 
Student. B.Sc., London, Bedford College for Women. Being a research student, I wish to 
avail myself of the facilities of your library and to obtain your publications. Date of birth 
Jan. 2nd, 1912. (Signed by) Eustace E. Turner, James F. Spencer, Corona G. Trew. 

Davies, MANSEL Morris, “‘ Cefn Bryn,” Abernant Road, Aberdare, Glamorgan. British. 
Student. B.Sc., Ist Class Hons. (Chemistry), Wales. State scholar. Intend proceeding to 
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research degree. Date of birth March 24th, 1913. (Signed by) T. Campbell James, C. R. 
Bury, L. J. Hudleston. 

Dovey, WILLIAM CuarLEs, 113, Tewkesbury Road, Cheltenham, Glos. British. Research 
Chemist. B.Sc. (Leeds); Ph.D. (Leeds). Date of birth Feb. 3rd, 1910. (Signed by) F. M. 
Rowe, A. T. Peters, Glyn Owen. 

DoyLe, RAPHAEL JOHN, S.J., St. Ignatius’ College, Galway, Ireland. Australian. Teacher 
(Clergyman). M.Sc. (N.U.I.); D.Sc.Tech. (Munich). “ Periodic Precipitation in Presence 
and Absence of Colloids ”’ (with H. Ryan), Proc. Roy. Irish Acad., XXXVIII B, 435. Thesis, 
“Zur Synthese des Porphins,” Munich, 1932. Travelling Studentship in Chemistry from 
N.U.I. (1928). (Signed by) Thos. Dillon, A. G. G. Leonard, Thos. J. Nolan, A. O’Farrelly. 

Evans, Davin Jounson, Glen Cairn, Old Hadlow Road, Tonbridge, Kent. British. 
Technical Director, Electro-Chemical Development Co., Ltd. Patentee of E.C.D. Surgical 
Antiseptic Apparatus and Electrolytic Cells. Technical Director of Electro-Chemical Develop- 
ment Synd., Ltd. Anxious to make use of library, and keep in touch with latest developments 
in commercial chemistry. (Signed by) Norman Evers, Stanley Elliott, R. H. A. Plimmer. 

FLAMANK, ARTHUR, King’s Road, Shalford, Surrey. British. Chemist. Member of the 
Pharmaceutical Society of Great Britain. Works Chemist to Vulcanised Fibre Co., Ltd., 
Shalford. Previously for fourteen years Head Pharmacist and Lecturer in Pharmacy to the 
Royal Surrey County Hospital Training School, Guildford. Now interested in technical side 
of chemistry, and desirous of attending the meetings and receiving the publications. (Signed 
by) A. W. Morgan, F. H. Webb, Chas. H. Maile. 

FRANCIS, EMrys MANLEy, Fern Bank, Llanberis, Carnarvon. Welsh. Student. B.Sc., 
University College of North Wales. Research Student in Chemistry. Date of birth June 7th, 
1910. (Signed by) J. L. Simonsen, F. G. Soper, A. E. Bradfield. 

GARNER, Puitip JAMES, 14, Humberstone Road, Cambridge. British subject by birth. 
B.A., Cambridge, 1933. 1932, Natural Sciences Tripos, Part I, Class I, Chemistry, Physics, 
and Botany. 1933, Natural Sciences Tripos, Part II, Class II, Div. I, Chemistry. Research 
Student in Cambridge University Chemical Laboratory under Dr. W. H. Mills, F.R.S. 
(Signed by) W. J. Pope, F. G. Mann, W. H. Mills. 

GILLIES, JAMEs Biairr, ‘“‘ The Meadows,’”’ Blackwell Avenue, Sprowston, Norwich. British. 
Chemist. Member of the Pharmaceutical Society, 1923. Fellow of the Edinburgh Geological 
Society, 1923. Laboratory Assistant (four years), Messrs. Pinkerton, Gibson & Co., Ltd., 
Edinburgh. Matriculation Certificate of London University. (Signed by) John Dall, H. W. 
Blair, W. A. Beattie. 

GOLDSWORTHY, LEONARD JAMES, University College, Rangoon, Burma. British. Lecturer 
in Chemistry, University College, Rangoon. M.A. (2nd Class Hons. in the B.A. examination) ; 
B.Sc., Oxford. From 1914-16 Prof. of Chemistry, Victoria College of Science, Nagpur, India. 
Researches on resolutions of cyclic, dibasic acids, on carboxylic acids derived from cycloparaffins, 
on velocities of reactions, and on the use of tetramethylene dibromide in synthetical work. 
J.C.S., 1914, 2639, 2655; 1924, 2012; 1926, 1102; 1931, 482. (Signed by) T. S. Moore, N. V. 
Sidgwick, F. D. Chattaway. 

Goopwin, THomMAs HENrRy, 26, Bournbrook Road, Selly Hill, Birmingham. British. 
Research Worker. Ist Class Pass, B.Sc. (Dist. in Chemistry), 1930; Ist Class Hons., B.Sc. 
(Chem.), 1931. Both Birmingham. Publications: ‘‘ Crystal Structure of Carbohydrate Com- 
pounds,” J.C.S., 1932, 1844; Z. Krist (A), 1933, 85, 462; ‘“‘ Quantitative Measurement of 
Calcite—Aragonite Mixtures,”’ J. Soc. Chem. Ind., 1933, 52, 172. Cox and Goodwin, “ X-Ray 
Evidence of the Structure of the Furanose and Pyranose Forms of «-Methylmannoside,”’ ].C.S., 
1932, 1844. Date of birth Dec. 19th, 1909. (Signed by) W. N. Haworth, E. G. Cox, Wm. Ward- 
law, S. R. Carter, W. J. Hickinbottom. 

HAFEEZ, MOHAMMAD ABDUL, B.5227, Shanker Bagh, Nizam Shahi Road, Hyderabad 
(Deccan), India. Indian. Teacher (on study leave). B.A. (Osmania University, India) ; 
B.T. (Aligarh University, India), Author of ‘‘ Mabadiati Science,’’ Pt. I (Chemistry and 
Physics for Middle School in Hindustani); ‘‘ Mabadiati Science,’’ Pt. II (Chemistry for 
High School). Chemistry Teacher, H.E.H. The Nizam’s Government, India. Chemistry 
Student in the University of Edinburgh. (Signed by) Neil Campbell, James Kendall, E. B. 
Ludlam. 

HANSFORD, WILLIAM EDWARD JaMEs, “ Wyke Regis,’ 21, The Broadway, Thorpe Bay, 
Southend-on-Sea, Essex. English. Student. I desire to receive the Society’s Publications, 
to attend the meetings, and to have the privilege of the use of the Society’s Library. 
(Signed by) A. M. Ward, Henry J. T. Sand, A. W. Middleton. 
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Happo.p, HAROLD Cart, 182, Westcombe Hill, Blackheath, S.E. 3. British. Pharmacist. 
Qualified as Chemist and Druggist in July 1929, at the South of England College of Pharmacy, 
Clapham, S.W. Joined the Staff in October 1929 as Demonstrator in Chemistry, and continued 
until March 1933. Member of the Pharmaceutical Society. (Signed by) H. Lucas, M. C. 
Lamb, Leslie J. Walker. 

HARPER, STANLEY HuGu, 32, St. Luke’s Road, Brighton, Sussex. British. Research 
Student (at Royal College of Science). A.R.C.S. (Ist Class Hons.), Royal College of Science. 
To attend meetings and to receive the publications of the Society. Date of birth Nov. 17th, 
1913. (Signed by) G. A. R. Kon, James C. Philip, R. P. Linstead. 

HENNEsSY, JOHN MICHAEL, Gordon Institute of Technology, Geelong, Victoria, Australia. 
British. Analytical Chemist. Head of the Chemical Dept. of the Gordon Institute of Tech- 
nology, Geelong, from 1916 until the present time. Acted as one of the Chemists to the Royal 
Commission on Sanitation, 1926. Analyst to the following Municipalities: Geelong, Geelong 
West, Newtown and Chilwell, Corio, Bannockburn, Barrabool, Bellarine, South Barwon, Win- 
chelsea. Consultant to numerous industrial concerns in the Western District. Associate of 
the Australian Chemical Institute. (Signed by) E. T. M. Garlick, V. G. Anderson, D. 
Avery. 

HERBERT, JAMES BANKES Morice, 3, Ingoldsby Avenue, Richmond Grove, Manchester. 
British. Lecturer in Chemistry in the University of Manchester. B.Sc., M.Sc., Victoria 
University of Manchester. 1924-1927, Assistant Lecturer in Chemistry. 1927-—present, 
Lecturer in Chemistry. Publication: ‘‘ Sorption of Gases on Crystal Surfaces,’”’ Tvans. Fara- 
day Soc., Vol. XXVI, March 1930. (Signed by) Fred Fairbrother, G. N. Burkhardt, D. C. 
Henry, Colin Campbell. 

HETHERINGTON, WILLIAM, 108, Coldharbour Road, Redland, Bristol, 6. British. Phar- 
maceutical Chemist. ‘‘ Major ’’ Diploma of Pharmaceutical Society of Gt. Britain, Edinburgh, 
July 1915. Lecturer in Chemistry at London College of Pharmacy, 1920-1922. Experimental 
Chemist Soaps and Detergents for Wool Scouring Industry, 1922-1923. Senior Asst. Phar- 
macist, Royal Infirmary, Edinburgh, 1925-1927. Chief Pharmacist, General Hospital, Bristol, 
1927 to date, teaching Chemistry and Pharmacy. Desire to receive Society’s publications to 
keep in touch with scientific developments and to have access to library. (Signed by) G. Baty 
Scott, M. W. Jones, S. Siddons-Wilson, J. Macvie Hill. 

Hirst, HENRY REGINALD, Wool Industries Research Association, Torridon, Headingley, 
Leeds. British. Chemist. M.Sc., Leeds; F.I.C.; M.I.Chem.E. Twenty-five years in the 
textile industry, managing oil plant and dyehouse and finishing. Papers, to Society of Dyers 
and Colourists, Textile Institute Journal, and private publications. /.C.S., 1895, 826, 829 
(H. R. Hirst and J. B. Cohen). (Signed by) Henry Phillips, R. A. E. Galley, John Barritt. 

Hopper, Isaac VANCE, 469, Tantallon Road, Langside, Glasgow, S.1. British. Lecturer 
on Organic Chemistry. B.Sc. (Lond.), Ph.D. (Glasgow). Lecturer at Royal Technical College 
since 1919. J.C.S., 1922, 866; 1928, 2483. (Signed by) W. M. Cumming, F. J. Wilson, 
R. M. Caven. 

Jackson, Epwarp WILLIAM, 13, Vicarage Way, Harrow Garden Village, Middlesex. 
British. Chartered Electrical Engineer. Associate Member Institution of Electrical Engineers, 
London. Ist Class certificate in (Theoretical) Inorganic Chemistry (Alternative Stage), De- 
partment of Science and Art of the Committee of Council on Education. (Signed by) Percy 
Edgerton, S. Bowrey, E. W. Moss. 

JELLEY, Epwin Ernest, 51, Bolton Road, Harrow, Middlesex. British by birth. Re- 
search Chemist. B.Sc. (London, Ist Class Hons. in Chemistry), A.I.C. Ten years (1915-1925) 
Chemist and Works Manager in Natal Sugar Industry; 1926-1928, Photographic Technician ; 
1928 to date, Research Chemist with Messrs. Kodak, Ltd. Publications include “ Test for 
Thiosulphates,” B. J. Phot., 1929, 76, 714; ‘‘ Colorimetric Determination of Small Amounts 
of Silver,” J. Soc. Chem. Ind., 1932, 51, 19117; ‘‘ Cause of Yellowness in Sepia Toning,” Phot. 
J., 1932, 72, 480. (Signed by) F. M. Hamer, S. O. Rawling, J. R. Partington. 

Jenkins, Darypp Istwyn, 3, Kingsland Road, Whitchurch, Cardiff. British. Assistant 
Science Master. B.Sc. (Wales), 1927; Ph.D. (Wales), 1931. Research Student, 1927-1930 
(University of Wales, Aberystwyth; thesis unpublished). Science Master at Caerphilly Mining 
and Technical Institute, 193l—present time. (Signed by) T. Campbell James, David T. Lewis, 
C, R. Bury, D. M. Williams. 

LAHIRI, JAGADISH Kumar, 109, Pollard’s Hill South, Norbury, S.W. 16. Indian. Student. 
B.Sc. (Calcutta). For using the library and attending lectures and meetings. (Signed by) 
O. L. Brady, R. J. W. Le Févre, C. L. Wilson, S. V. Anantakrishnan. 
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LaNpDQuIsT, Justus KENNETH, 4, Purley Avenue, N.W. 2. British. Research Student, 
East London College. B.Sc. (Ist Class Hons. Chemistry, London) (not granted until 1934). 
Date of birth Sept. 13th, 1913. (Signed by) J. R. Partington, H. D. K. Drew, F. S. H. Head. 

LEcKIE, ALAN HarRVEY, “ Strathgarve,’’ Bradmore Way, Brookmans Park, Hatfield, Herts. 
British. B.Sc. Research Student in Chemistry, University College, London. (Signed by) 
F. G. Donnan, L. F. Gilbert, W. Rogie Angus. 

Love, Tuomas, 20, McLelland Drive, Kilmarnock, Ayrshire. British. Assistant Lecturer 
and Demonstrator in Chemistry. B.Sc., Applied Chemistry (Glasgow). Assistant Lecturer 
at Royal Technical College, Glasgow, since 1930. (Signed by) W. M. Cumming, F. J. Wilson, 
R. M. Caven. 

McDow.ELL, CoNsTANCE Mary, 4, Brookfield Park, N.W. 5. British. Formerly Assistant 
Lecturer, Robert Gordons Technical College, Aberdeen. Now Assistant Director of Examin- 
tions, Civil Service Commission. B.Sc., lst Class Hons. Chem.; Ph.D., University of Leeds. 
(With F, L. Usher) “ Viscosity and Rigidity in Suspensions of Fine Particles.”” ‘‘ Aqueous 
Suspensions,’”’ Proc. Roy. Soc., 1931, A, 181, 409. ‘‘ Non-Aqueous Suspensions,” ibid., 564. 
(Also with F. L. Usher) ‘‘ The Distribution of Suspended Particles under Gravity,’’ Proc. Roy. 
Soc., 1932, A, 188, 133. (Signed by) R. Craven, A. R. Martin, T. Harold Reade. 

MASTERMAN, ARTHUR THomas, 3, Kedale Road, Seaford, Sussex. English. Retired Civil 
Servant. D.Sc. (St. Andrews); D.Sc. (London); M.A. (Science Tripos) (Cambridge); Fellow 
of Royal Society; Consultant Chemist, Manufacturing Company. (Signed by) E. A. R. Bous- 
field, W. R. Bousfield, Eric K. Rideal. 

Moore, WILLIAM SMYTHE, 30, Queen’s Avenue, Woodford Green, Essex. British. Post 
Graduate Research Student (2nd year). B.Sc., 2nd Class Hons. Chem., London. Date of 
birth July 4th, 1912. (Signed by) J. R. Partington, H. D. K. Drew, H. H. Hatt. 

MUKERJI, BALapvEB, 1, Hurtukibagan Lane, Calcutta, British India. Bengali (Indian). 
Physician. B.Sc. (Calcutta University); M.B. (Calcutta University). Lecturer of Chemistry, 
National Medical Institute, Calcutta, under the State Medical Faculty of Bengal for five years 
and examiner in the same subject at the Licentiateship Examination of the State Medical 
Faculty of Bengal. (Signed by) Nani Gopal Chakravarti, M. Qudrat-i-Khuda, P. Neogi, 
Benimadhul Chakravarti. 

PARKINSON, THEODORE LAWRENCE, Halstead Cottage, Wye, Kent. British. Student. 
B.Sc. (Univ. Coll., London). Desires to receive publications, and to use the Library. Date of 
birth May Ist, 1913. (Signed by) E. D. Hughes, W. Rogie Angus, G. S. Hartley. 

Parsons, ELLA KATHLEEN, 113, Herne Hill Road, S.E. 24. British. Student. I am 
desirous of attending the meetings and using the library of the Society. Date of birth Sept. 
13th, 1913. (Signed by) L. F. Gilbert, W. Rogie Angus, G. S. Hartley. 

PERCIVAL, EDMUND GEORGE VINCENT, Chemistry Department, King’s Buildings, West 
Mains Road, Edinburgh. English. B.Sc., Ph.D. (Birmingham). Lecturer in Chemistry, 
University of Edinburgh. (With Wm. Wardlaw) /.C.S., 1929, 1317, 1505, 2628; (with W. N. 
Haworth) J.C.S., 1931, 1342, 2850; 1932, 2277; (with W. N. Haworth and E. L. Hirst) J.C.S., 
1932, 2384. (Signed by) S. R. Carter, E. L. Hirst, Allan C. Waine, Wm. Wardlaw, M. Stacey. 

Pitcrim, ARCHIBALD, 239, High Street, North, East Ham, E.6. British. Research in 
Organic Chemistry. B.Sc. (London). In order to use the library of the Society and to receive 
the Jouraal. Date of birth Jan. 6th, 1913. (Signed by) H. H. Hatt, G. H. Wyatt, H. D. K. Drew. 

P6LANYI, MICHAEL, The Victoria University, Manchester. Austrian. Professor of Physical 
Chemistry. Ph.D., M.D. (Budapest). Research work in physical chemistry. (Signed by) 
Arthur Lapworth, I. M. Heilbron, Fred Fairbrother. 

PonTIFEX, BryAN, The Croft, Knowle, Warwickshire. British. Chartered Accountant. 
Desires to attend meetings, to receive the publications and to use the Library. (Signed by) 
W. J. Pope, G. T. Morgan, Gerald T. Moody. 

PotTER-MACKENROT, WILLIAM CHARLES HENnrRy, The Laurels, Millfield Lane, N. 6. British. 
Director of Messrs. Potter & Clarke, Ltd. Director of a firm of Manufacturing Chemists. 
Desirous of receiving the Society’s Publications and using the Library in order to keep in 
touch with latest Chemical Research. (Signed by) Leslie J. Walker, R. W. Wren, W. A. N. 
Markwell. 

RAMAGE, GEORGE ROWNTREE, 25, Craig-y-Don Road, Bangor, N. Wales. English. 
Assistant Lecturer, Univ. College of North Wales, Bangor. M.Sc., Ph.D., Durham (Armstrong 
College). Research publications with Prof. G. R. Clemo and Prof. R. Robinson, F.R.S. J.C.S., 
1931, 49, 437, 3185, 3190; 1932, 2959, 2969; 1933, 607. (Signed by) Robert Robinson, J. L. 
Simonsen, G. R. Clemo. 
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RICHARDSON, FREDERICK Denys, 11, Torrington Square, W.C.1. British. Research 
Student. B.Sc. (Univ. Coll. Lond.). Desires to receive Journal and Annual Reports, but no 
other publications, and enjoy other privileges afforded to Fellows. Date of birth Sept. 17th, 
1913. (Signed by) L. F. Gilbert, C. F. Goodeve, P. J. Markham. 

RoE, EpNA MARGARET FRANCES, 66, Drury Road, Harrow, Middlesex. English. Research 
Scholar at Cancer Hospital (Free). B.Sc. (Spec. & Gen.), University College, London. Research 
Student in Physical Chemistry at University College, London up to May 1933 (working on 
Photochemistry and Spectroscopy). Date of birth July 4th, 1911. (Signed by) C. F. Goodeve, 
R. J. Macwalter, Bh. S. V. Raghava-Rao. 

RUBENSTEIN, ALFRED, 36, Lennox Road, N. 4. British. Post-Graduate Student. B.Sc. 
(2nd Class Hons.), East Lond. Coll., University of London. Date of birth April 3rd, 1911. 
(Signed by) J. R. Partington, H. D. K. Drew, D. C. Jones. 

RUNNICLES, DENNIS FRANK, 21, Ashling Road, Addiscombe, Croydon. British. Chemical 
Research Student. B.Sc. (Lond.), 2nd Class Hons., in Chemistry (not conferred until July, 
1934). (Signed by) Conmar Robinson, Henry Terrey, N. K. Adam. 

RuzicKa, FRANCIS CHARLES JULIAN, 94, Middle Lane, Hornsey, N. 8. British. Research 
student. B.Sc. (Hons.), A.R.C.S., Royal College of Science. To receive the Journal and attend 
meetings of the Chemical Society in order to follow closely the progress in Chemistry. (Signed 
by) G, A. R. Kon, M. A. Whiteley, R. P. Linstead. 

SALTMARSH, OLIVE Dora, Girton College, Cambridge. British. B.A. (Cambridge). 
Research student in Physical Chemistry. (Signed by) Ronald B. Mooney, S. G. Foord, R. G. W. 
Norrish. 

SKEEN, JAMES WILLIAM, 66, Basnett Road, Lavender Hill, London, S.W.11. British. 
Research student. B.Sc., Ist Class Hons. in Chemistry, University of London (Exam. taken 
1933, degree to be conferred 1934). Two years B.Sc. (Special) Chemistry course as student at 
East London College. (Signed by) J. R. Partington, H. H. Hatt, H. I. Stonehill. 

STEPHENS, HuGuH CLiFForD, 24, Wood Street, Woolwich, S.E.18. British. Research 
Chemist. B.A., B.Sc., Oxford. Unpublished work on the thermal decomposition of nitrogen 
trichloride in the gas phase. Presently research chemist to a firm of chemical manufacturers in 
East London, Date of birth Sept. 26th, 1909. (Signed by) A. I. Vogel, H. J. George, D. L. 
Chapman. 

TEMPLETON, JOHN, “ Dalkeith,” Jones Island, Manning River, N.S.W., Australia. British- 
Australian. Chief Engineer Manning River Dairy Co-op. Society, N.S.W. Considerable 
experience in industrial chemistry as applied to refrigeration. I wish to keep in touch with 
the latest developments of Chemical Research. (Signed by) George Z. Dupain, C. H. Cliff, 
R. W. Challinor. 

THOMPSON, Mary CuRISTINA, 16, Elmwood Road, Herne Hill, S.E. 24. British. B.Sc., 
Bedford College, University of London. Research student, Department of Organic Chemistry, 
Bedford College. Date of birth Dec. 20th, 1910. (Signed by) Eustace E. Turner, Mary S. 
Lesslie, Elizabeth E. J. Marler. 

TuHomson, Rospert Fraser, Thistlebank, Grangemouth. British. Research Manager. 
M.A., D.Sc. (St. Andrews). (Signed by) T. S. Moore, G. T. Morgan, S. Sugden, J. Masson 
Gulland. 

TonG, SAMUEL TRAVIS, The Oaks, 21, St. Andrews Avenue, Cleveleys, nr. Blackpool, Lancs. 
British. Technical Chemist. Passed Ist Class in the third year U.L.C.I. Examinations in 
Organic Theoretical, and Inorganic Practical. I wish to keep in touch with modern develop- 
ments in Chemistry. (Signed by) Ernest Taylor, John C. Oxley, Robert Henry Jones, John 
Norman Aldington. 

WEISSBERGER, ARNOLD, The Dyson Perrins Laboratory, South Parks Road, Oxford. Ger- 
man. Dr. phil. Leipzig, 1924; Privatdozent, Leipzig, 1928. (Signed by) D. Ll. Hammick, 
N. V. Sidgwick, R. Robinson. 

WILKINSON, ALAN Epwarp, 49, Sydenham Hill, S.E. 26. British. Medical Student. 2nd 
M.B. (Part I, Organic Chemistry), London. I am interested in Biochemistry, and wish to 
make use of the Library and receive the Journal, and to attend the meetings. Date of birth 
July 19th, 1914. (Signed by) W. Gerrard, Herbert A. Mills, J. Kenyon. 

WituiaMs, RonALpD Branston, Corpus Christi College, Oxford. British. Student. Ist 
Class Hons., B.A. (Chemistry), Oxford; B.Sc., Oxford. Date of birth July 30th, 1911. (Signed 
by) D. Ll. Hammick, N. V. Sidgwick, T. W. J. Taylor. 

Witson, BEeatricE MurieEL, Higher Trevarrick, St. Austell, Cornwall. British. Ph.D. 
(London), June 1933; Physical Chemistry, B.Sc. (London); Honours in Chemistry, June 1931. 
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Research student, University College, Exeter. Papers published by H. T. S. Britton and Self 
in the J.C.S.: ‘“‘ Electrometric Studies of the Precipitation of Hydroxides, Parts VII, VIII, 
IX, X, and XI,” J.C.S., 1932, 2550; 1933, 9, 601, 1045, 1050. Date of birth Dec. 7th, 1910. 
(Signed by) H. T. S. Britton, Herbert Henstock, Patricia Jackson. 

WINFIELD, Francis Tyomas, Hill View, Coddington, Newark, Notts. British. Formerly 
Research student, now Lecturer in Science, Newark Technical College. B.Sc., London. Physico- 
Chemical Research, and three years teaching experience at Newark. J.C.S., 1930 (E. B. R. 
Prideaux & F. T. W.) 1587. “‘ The Dissociation Constants of Quinine, Cinchonine, and Cinchon- 
idine.” (Signed by) F. S. Kipping, J. B. Firth, B. D. Shaw, E. B. R. Prideaux. 

Yates, EpMunp Denys, 4, Woodville Road, Cathays, Cardiff. British. Research Chemist, 
Cardiff City Mental Hospital. B.Sc., Ph.D. (Lond. Ext.) A.I.C. Scientific and Research 
training at Cardiff Technical College. Engaged in research on the significance of bromine in 
the psychoses. J.C.S., 1931, 2508; 1931, 3318; 1932, 1207; 1933, 220 (part author). Date 
of birth June 15th, 1911. (Signed by) J. H. Quastel, H. B. Watson, J. F. J. Dippy. 


Forms of Recommendation for Fellowship accepted by the Council under Bye-Law I (2). 


CicNot, Doctor FRANcIsco, Presidente del Colegio de Doctores en Bioquimica y Farmacia. 
Rosario de Santa Fé (Rep. Argentina), General Mitre, 1117. Rosario de Santa Fé (Rep. 
Argentina). Argentino. Profesor Universitario. Doctor en Bioquimica y Farmacia Farma- 
céutico. Farmacéutico, 1918; Doctor Bioquimica, 1920, Universidad de Buenos Aires. Pro- 
fesor de Quimica Organica de la Escuela de Farmacia de la Facultad de Ciencias Médicas de 
Rosario. Profesor de Farmacia Galénica de las Universidades del Litoral y de Buenos Aires. 
(Signed by) Venancio Deulofeu. 

Epwarps, STANLEY HAIngEs, c/o Laboratory, Shell Co. of N.Z., Ltd., Hutt Road, Wellington, 
New Zealand. British. Chemist. One year Chemist, Messrs. Guest, Keen & Nettlefolds, Ltd., 
Cardiff, S. Wales; two years Assistant, Central Tuberculosis Lab., Welsh Nat. Memorial Ass., . 
Cardiff; four and a half years Chemist, Shell Co. of N.Z., Ltd., Wellington, N.Z. (Signed by) 
P. W. Robertson. 

FarrRBRAss, EDWARD WILLIAM, Sohrab House, Hornby Road, Bombay, India (Home 
Address : 63, New Colney Road, Dartford, Kent, England). English. Pharmacist. Member 
of the Pharmaceutical Society. Employed now with Messrs. Kemp & Co., Ltd., Bombay, 
Manufacturing Pharmaceutical Chemists. (Signed by) Harry Sharpe. 

KLEMM, WILHELM, Danzig-Langfuhr, Rickertweg 3% Freie Stadt Danzig. Professor. 
Dr. phil. (Breslau, Universitat). Ord. Professor f. anorgan. Chemie a.d. Techn. Hoschschule, 
Danzig-Langfuhr. (Signed by) F. G. Donnan. 

LEeEcH, WILLIAM D., Cooranbong, New South Wales, Australia. U.S.A. Research chemist. 
A.B. from Union College, M.A. Univ. of S. California. J. Ind. Eng. Chem., Jan. 1927, ‘‘ U.S.A. 
Standard Methods of Chemical Analysis,’’ ‘‘ Oxidation of Ammonia to Nitric Acid, by Scott and 
Leech,” ‘‘ Tables of Solubilities,”’ ‘‘ Elementary Quantitative Analysis,” ‘‘ Determination of 
Traces of Manganese.”’ (Signed by) J. C. Drummond. 

PARVATIKAR, Ram Rao, No. 3120, Gowliguda, Hyderabad, Deccan, India. Indian. Pro- 
fessor of Chemistry, Nizam College, Hyderabad, Deccan. M.A. (Bombay University). Lec- 
turer in Chemistry for the last 23 years; done original research work on the mutual solubility 
of glycerol and hydroxy and ammino compounds. /.C.S., 1924, pp. 1484—1492. (Signed 
by) B. C. McEwen. 

PuHILuips, Eric Hume, Marine Terrace, Geraldton, Western Australia. British. Pharma- 
ceutical Chemist. A paper on ‘“‘ The Analysis of the Simple Tinctures of the B.P.”” Asa student 
of Inorganic and Organic Chemistry, Materia Medica and Botany at the Perth Technical College 
and University. (Signed by) W. Brendon Garner. 
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ADDITIONS TO THE LIBRARY. 


I, Donations. 


CAIN, JOHN CANNELL, and THORPE, 
JocELYN FrieLp. The synthetic dyestuffs and 
the intermediate products from which they are 
derived. 7th edition, entirely rewritten and 
revised by J. F. THorRPE and REGINALD 
PATRICK LINSTEAD. London 1933. pp. xvi + 
472. 30s. net. (Recd. 19/10/33.) 

From Professor J. F. Thorpe, C.B.E., F.R.S. 

HADFIELD, SIR ROBERT ABBOTT. The rise 
of metallurgy with special reference to Sheffield 
discoveries, inventions and research. [London] 
1933. pp. viili+ 112. ill. 5s. (Reed. 
24/10/33.) From the Author. 

HARINGTON, CHARLES RoBertT. The thyroid 
gland, its chemistry and physiology. London 
1933. pp. xiv + 222. ill. 15s. net. (Recd. 
19/10/33.) From the Author. 

HERAEUS VACUUM-SCHMELZE A.-G. Die 
Heraeus Vacuumschmelze, Hannau am Main 
1923—1933. Hannau 1933. pp. iv + 434. 
ill, (Reed. 7/11/33.) 

From the Bureau of Chemical Abstracts. 

HoFMANN, AuGusT WILHELM von. . Notes 
of chemical lectures delivered at the Royal 
College of Chemistry, 1857—8. By RoBErT 
RoBINson. 2 vols. pp. 279, 282. [MS.] 
(Reference.) From Dr. A. Slator. 

IMPERIAL INSTITUTE. The mineral in- 
dustry of the British Empire and foreign 
countries. Gemstones. London 1933. pp. 
vi-+ 137. (Reference.) 2s. 6d. net. 

A From the Director. 

Pasteur, Louis. Etudes sur le vin: ses 
maladies, causes qui les provoquent, procédés 
nouveaux pour le conserver et pour le vieillir. 
2nd edition. Paris 1873. pp. viii + 544. ill. 
(Reference.) From Mr. T. McLachlan. 

RAKSHIT, JITENDRA Natu. Association 
theory of solution and inadequacy of the 
dissociation theory. Calcutta 1930. pp. vi+ 
298. (Recd. 13/11/33.) From the Author. 

SIDGWIcK, NEvIL VINCENT. Some physical 
properties of the covalent link in chemistry. 
Ithaca 1933. pp. xii+ 250. ill. 10s. net. 
(Recd. 4/10/33.) From the 
London Publisher : Mr. Humphrey Milford. 

TREUSSART, CLEMENT Louis, [and others]. 
Essays on hydraulic and common mortars and 
on lime burning. Translated by J. G. 
TotTteN. New York 1842. pp. iv + 256. 
ill. (Reference.) From Mr. T. McLachlan. 

WALKER, ADAM. A system of familiar 
philosophy: in twelve lectures. London 
1799. pp. xviii + 572. ill. (Reference.) 

From Mr. T. McLachlan. 


II. By Purchase. 


AsHwortH, ARTHUR A. Analysis of oil for 
the production of lubricants. London 1933. 
pp. 64. ill. 9s.net. (Recd. 19/10/33.) 

AYKROYD, WALLACE RUDDELL. Vitamins 
and other dietary essentials. London 1933. 
pp. x + 218. 7s. 6d. net. (Recd. 19/10/33.) 

BARTON-WRIGHT, Eustace Ceci”. Recent 
advances in plant physiology. 2nd edition. 
London 1933. pp. x + 342. ill. 12s. 6d. 
net. (Recd. 19/10/33.) 

BERNHAUER, KONRAD. 
Chemie und Biochemie der 
Berlin 1933. pp. xii + 366. 
(Recd. 4/11/33.) 

BoONHOEFFER, KARL FRIEDRICH, and HAR- 
TECK, Paut. Grundlagen der Photochemie. 
(Die chemische Reaktion, Vol. I.) Dresden 
1933. pp. viii + 295. ill. M. 25. (Recd. 
14/11/33.) 

CHEMIE-INGENIEUR, DER. Vol. II. Part 
iii. Messung von Zustandsgréssen im Be- 
triebe. By H. Eserrt [and others]. Leipzig 
1933. pp. xii + 275. ill. M. 28. (Recd. 
12/10/33.) 

CoLr, SYDNEY WILLIAM. 
logical chemistry. 9th edition. 
1933. pp. xii+ 420. ill. 12s. 
(Recd, 23/10/33.) 

CORNUBERT, RAYMOND. 
ses dérivés. Paris 1933. 
30 fr. (Recd. 31/10/33.) 

Fajans, Kasimir, and Scuwartz, E. 
[Editors.] Elektrochemie. Part II. Elektro- 
motorische Krafte; Polarisationserscheinun- 
gen; Elektrochemie der Phasengrenzen. By 
CarRL Drucker [and others]. Leipzig 1933. 
pp. xx + 483. ill. M.40. (Recd. 4/11/33.) 

Fintey, Grorce H. [Editor.] The hand- 
book of butane-propane gases. Los Angeles 
1932. pp. 212. ill. $5. (Recd. 21/7/33.) 

FREUDENBERG, Kart. Tannin, Cellulose, 
Lignin. 2nd edition of “ Chemie der natiir- 
lichen Gerbstoffe.”” Berlin 1933. pp. iv + 
166. M.8.80. (Recd. 4/11/33.) 

GUGGENHEIM, E. A. Modern thermodyna- 
mics by the methods of Willard Gibbs. 
London 1933. pp. xvi + 206. 10s. 6d. net. 
(Recd. 19/10/33.) 

HAND- UND JAHRBUCH DER CHEMISCHEN 
Puysitx. Edited by ArNo_tp EucKEN and 
Kart L. Wotr. Vol. III. Part 1, Section i. 
Die Adsorption von Gasen und Dampfen an 
festen Kérpern. By Hans DouseE and HEr- 
MANN Mark. Leipzig 1933. pp. 116. ill. 
M. 12. (Recd. 29/6/33.) 


Grundziige der 
Zuckerarten., 
M. 33.80. 


Practical physio- 
Cambridge 
6d. net. 


Le camphre et 
pp. vili + 424. 











HAND- UND JAHRBUCH DER CHEMISCHEN 
Puysik. Edited by ARNoLD EvucKEN and 
Kari_L.Wotr. Vol. VI. Part2. Elektrische 
Leitfahigkeit. By Wi1LHELM HANLE, HERMANN 
Uticu, and W. FLecusic. Leipzig 1933. 
pp. xii + 364. ill, M.32. (Recd. 4/11/33.) 
Vol. VI. Part 3. Positive 
Korpuskularstrahlen. By H. Posk and R. 
WrierL. Leipzig 1933. pp. 296. ill. M. 28. 
(Reced. 29/9/33.) 

HEVESY, GEORG VON, 








and ALEXANDER, 


Ernst. Praktikum der chemischen Analyse 
mit Réntgenstrahlen. Leipzig 1933. pp. iv 
+ 80. ill, M.4.80. (Recd, 4/11/33.) 


HINSHELWOOD, CyRIL NoRMAN. The kine- 
tics of chemical change in gaseous systems. 
3rd edition. Oxford 1933. pp. viii + 392. 
ill. 15s. net. (Recd. 19/10/33.) 

MARCELIN, ANDRE. Solutions superficielles, 
fluides 4 deux dimensions et stratifications 
monomoléculaires. Paris1931. pp.iv +164. 
ill. 80fr. (Recd. 31/10/33.) 

MARCHIONNA, FREDERICK. Latex and its 
industrial applications. New York 1933. pp. 
xxiv + 1038. $.15. (Recd. 11/11/33.) 

Marx, Ericu. ([Editor.] Handbuch der 
Radiologie. Vol. VI. Quantenmechanik der 
Materie und Strahlung. Parti. Atome und 
Elektronen. Leipzig 1933. pp. x + 466. 
ill. M. 43. (Recd. 7/7/33.) 

MasING, GEORG. Ternare Systeme. 
Elementare Einfiihrung in die Theorie der 
Dreistofflegierungen. Leipzig 1933. pp. 
viii + 164. ill, M. 8.30. (Recd. 7/7/33.) 

Meyer, Hans. Lehrbuch der organisch- 
chemischen Methodik. Vol. II. Nachweis 
und Bestimmung organischer Verbindungen. 
Berlin 1933. pp. xii+ 426. ill. MW. 35. 
(Recd. 7/10/33.) 

MINISTRY OF AGRICULTURE AND FISHERIES. 
Bulletin No. 28. Artificial fertilisers in 
modern agriculture. (2nd edition.) By Sir 
EpwarD JOHN RussELL. London 1933. pp. 
viii + 210. ill. 3s. net. (Recd. 20/6/33.) 

MorEtwyn-HuGHEs, EMyr Atun. The 
kinetics of reactions in solution. Oxford 1933. 
pp. viii + 314. 15s. net. (Recd. 19/10/33.) 

Noppack, Ipa, and Noppack, WALTER. 
Das Rhenium. Leipzig 1933. pp. . viii + 
86. ill. M. 7.80. (Recd. 4/11/33). 

OETTINGEN, W. F. von. The therapeutic 
agents of the quinoline group: cinchophen, 
plasmoquine, nupercaine, quinine, and acridine 
dyes. The relation between their chemical con- 
stitution and pharmacologic action. (American 
Chemical Society Monograph Series.) New 
York 1933. pp. 301. ill. $6. (Recd, 23/10/33.) 

PETERS, GERHARD. Blausdure zur Schad- 
lingsbekampfung. (Sammlung, N.F. Heft 
20.) Stuttgart 1933. pp. 75. ill. M. 6.20. 
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RaDLEy, JACK AvuGustTus, and GRANT, 
Jutrius. Fluorescence analysis in ultra-violet 
light. (Monographs on Applied Chemistry.) 
London 1933. pp. xii + 220. ill. 15s. net. 
(Recd, 2/11/33.) 

SCHONBERG, ALEXANDER. Thioketone, 
Thioacetale und Aethylensulfide. (Sammlung, 
N.F. Heft 19.) Stuttgart 1933. pp. 77. 
M. 6.20. 

SMALL, Lynpon F., and Lutz, RoBert E. 
Chemistry of the opium alkaloids. (U.S. 
Public Health Reports, Supplement No. 103.) 
Washington 1932. pp. x + 376. $1. (Recd. 
24/7/33.) 

STARLING, ERNEST HeENRy. Principles of 
human physiology. 6th edition. Edited and 
revised by CHARLES Lovatr Evans and 
HAMILTON HartrIpGE. London 1933. pp. 
xiv + 1122. ill. 24s.net. (Recd. 23/10/33.) 

STETTBACHER, ALFRED. Die Schiess- und 
Sprengstoffe. Mit einem Anhang: Die chem- 
ischen Kampfmittel. 2nd edition. Leipzig 
1933. pp. xii+ 459. ill. M. 36.80. (Recd. 
26/7/33.) 

StuMPER, R. Die physikalische Chemie 
der Kesselsteinbildung und ihrer Verhiitung. 
2nd edition. (Sammlung, N.F. Heft 3. 2nd . 


edition.) Stuttgart 1933. pp. 74. ill. 
TAMMANN, Gustav. Der _ Glaszustand. 
Leipzig 1933. pp. 124 ill. M. 8.70. 


(Recd. 4/11/33.) 

UNITED StaTEs. Depariment of Commerce. 
Bureau of Standards. Circular No. 395. 
Zinc and its alloys. Washington 1931. pp. 
iv + 214. ill. (Reference.) 25. 

ZSCHIMMER, EBERHARD. Das _ System 
Kieselerde, Quarzgut und Quarzglas, Silika- 
steine. Stuttgart 1933. pp. vili+ 138. ill. 
M. 13. (Recd. 16/8/33.) 


III. Pamphlets. 


AUSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. 
Pamphlet No. 33. Enzootic haematuria 
(haematuria vesicalis) of cattle in South 
Australia. By L. B. Butt, C. G. DickKINson, 
and A. T. Dann. Melbourne 1933. pp. 24. 
Pamphlet No. 36. Fibre boards, 
their uses and possibilities of their manufac- 
ture in Australia. By R. F. TURNBULL. 
Melbourne 1932. pp. 51. ill. 

BartH, ToM F. W. The chemical composi- 
tion of noselite and haiiyne. (From the Amer. 
Mineralogist, 1932, 17.) 

Bracc, Sir WiLtttam Henry. Michael 
Faraday. Broadcast National lecture. Lon- 
don 1931. pp. 37. ill. 

BritTIsH SCIENCE GUILD. Research and 
Development Lecture, 1933. Metals in the 
service of human life and industry. By Sir 

















HAROLD CARPENTER. London 1933. pp. 39. 


ill. 

Brooks, MATILDA MOLDENHAUER. Studies 

on the permeability of living cells. XIV. 
The penetration of certain oxidation—reduction 
indicators into different species of Valonia. 
(From Protoplasma, 1932, 17.) 
The penetration of 1-naphthol-2-sul- 
phonate indophenol, o-chlorophenol indo- 
phenol and o-cresol into Valonia ventricosa 
J. AcHaRD. (From Protoplasma, 1932, 17.) 

Brooks, SUMNER CUSHING. The rate of 
penetration of rubidium into living cells of 
Valonia and its relation to apparent ionic 
radii, (From the J. Cellular Comparative 
Physiol., 1932, 2.) 

Chemical versus morphological species 
differences. (From Science, 1932, 77.) 

Brooks, SUMNER CUSHING, and Brooks, 
MATILDA MOLDENHAUER. The rate of pene- 
tration of dyes into Valonia, with special 
reference to solubility theories of permeability. 
(From the /. Cellular Comparative Physiol., 
1932, 2.) 

CHAKRABORTY, JOGENDRA Natu, and SEN, 
AsHuTOSH. Mechanical analysis of lateritic 
soils. (From the Indian J. Agric. Sci., 1932, 
2.) 

CLopatt, J. ARTUR. Die Energiewerte der 
Bindungen bei organischen Stoffen. (From 
the Comm. Phys.-Math., Soc. Sci. Fenn., 1933, 
6.) 

COLEMAN, WALTER HENRY. The chemical 
and allied industries of the West of Scotland. 
(From the Handbook for the 41st Annual 
Meeting of the Society of Chemical Industry.) 
Glasgow 1922. 

COLLANDER, RUNAR. 
studien an Chara ceratophylla. 
Zusammensetzung des Zellsaftes. 
Fennica, 6, 1930.) 

COLLANDER, Runar, and BAaRLuND, Huco. 
Permeabilitatsstudien an Chara ceratophylla. 
II. Die Permeabilitat fiir Nichtelektrolyte. 
(Acta Bot. Fennica, 11, 1933.) 

DussEN, ARIE AART VAN DER. Stofontplof- 
fingen. Rotterdam 1933. pp. x + 206. 

Fyre, ARTHUR W., Jr. Insulating oil. A 
list of references (1900—1925) in the New 
York Public Library. New York 1927. pp.71. 

GAMBLE, WILLIAM Burt. Color photo- 
graphy. A list of references in the New York 
Public Library. New York 1924. pp. 123. 
Chemistry and manufacture of writing 
and printing inks. A list of references in the 
New York Public Library. New York 1926. 
pp. 105. 

Asbestos. A list of references to 
material in the New York Public Library. 
New York 1929. pp. 72. 








Permeabilitats- 
I, Die normale 
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GHATAK, NARENDRANATH. Dyes derived 
from phenanthraquinone. The phenanthra- 
phenanthrazines. (From the Allahabad Univ. 
Studies, 1931, 7.) 

GiBsON, REGINALD OswAaLp. The viscosity 
of gases at high pressures. Amsterdam 1933. 
pp. xii + 89. ill. 

GrooTHoFF, A., and HENRY, THOMAS 
ANDERSON. The preparation, analysis and 
standardisation of totaquina. (From the Riv, 
Malariologia, 1933, 12.) 

HENDERSON, GEORGE GERALD. 
industries [in West of Scotland]. 
1901. pp. 33. 

HoTHERSALL, A.W. The adhesion of electro- 
deposited nickel to brass. (From the /. 
Electroplaters’ and Depositors’ Tech. Soc., 1932.) 

IMPERIAL BUREAU OF SOIL SCIENCE. Tech- 
nical communication No. 26. The dispersion 
of soils in mechanical analysis. London 1933. 
pp. 31. 

INDIAN Lac RESEARCH INSTITUTE. The 
establishment of Aleurites Fordii (Tung oil) in 
the Ranchi District of Chota Nagpur. By 
Dorotuy Norris and H. T. Bates. Calcutta 
1933. pp. 13. ill. 

INSTITUTE OF CHEMISTRY OF GREAT BRITAIN 
AND IRELAND. The detection and determin- 
ation of small amounts of inorganic substances 
by colorimetric methods. By NorRMAN STRAF- 
FORD. London 1933. pp. 36. 

MAYNARD, GEORGE S. Storage batteries. 


Chemical 
Glasgow 


A list of references 1900—1915. New York 
1915. pp. 37, 
MEDICAL RESEARCH COUNCIL. Special 


Report Series, No. 175. Vitamin content of 
Australian, New Zealand and English butters. 
By Marcaret E. F. Crawrorp, EpitH O. V. 
PERRY, and SYLVESTER SOLOMON ZILVA. 
London 1932. pp. 50. 

Special Report Series, No. 177. Ap- 
paratus for the rapid study of ultra-violet 





absorption spectra. By Joun St. LEGER 
Puitpot and E. H. J. Scuuster. London 
1932. pp. 45. ill. 

MEIJER, THOMAS MARINUS. Over ver- 


bindingen uit den wortelstengel van den plat- 
doorn (Arctopus echinatus). Harderwijk 1933. 
pp. x + 79. 

Menon, AMBAT KeEsAva, and MENon, O. S. 
Simple methods of refining oils. (Dept. Ind. 
Madras, Bull. 36.) Madras 1932. pp. 14. 

MITCHELL, CLAUDE ALEXANDER DUNBAR. 
Aluminium vessels and food contamination. 
(From the J. Roy. Army Med. Corps, 1933, 60.) 

New ZEALAND. Depariment of Scientific 
and Industrial Research. Bulletin No. 39. 
The briquetting of New Zealand coals. By 


W. A. Joiner, W. G. HuGcuson, and A. K. R. 
McDow.ELt. 


Wellington 1933. pp. 32. ill. 
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PERLENFEIN, ALFRED. A chromium plat- 
ing bath with the fluoride ion. (Rensselaer 
Poly. Inst. Bull., Eng. Sci. Ser, 39.) Troy 
1933. pp. 36. ill. 

Sau, Peter P. T. Studies on Chinese 
citrus fruits. I. Vitamins A and B in the 
peels of Fu Chii (Chinese tangerine). (From 
the J. Chinese Chem. Soc., 1933, 1.) 

SAH, PETER P. T., and Ma, Tsu SHENG. 
Mixed esters of ortho-formic acid. (From the 
Sci. Rep. Nat. Tsing Hua Univ., 1932 A1.) 

Research on  hydrazines. I. 
Ortho-tolyl-hydrazine as a reagent for identi- 
fication of aldehydes and ketones. (From the 
Sci. Rep. Nat. Tsing Hua Univ., 1932, A1.) 

Sau, Peter P. T., Ma, Tsu-SHENG, and 
Ma, SHao-Yuan. The glycine, alanine and 
tyrosine contents of Chekiang silk. (From 
the J. Chinese Chem. Soc., 1933, 1.) 

Sau, PETER P. T., and YEN, JEN YIN. 
Studies on phenolic acids. II. Condensation 
of beta-resorcylic acid with phthalic anhydride. 
(From the Sci. Rep. Nat. Tsing Hua Univ., 
1932, A1.) 

SAHASRABUDDHE, D. L., and KANITKAR, 
N.V. Nitrogen recuperation in the soils of the 
Bombay Presidency, Part III. (From the 
Indian J. Agric. Sci., 1932, 2.) 

SALAZAR, ARTURO E, A preliminary in- 
vestigation on cadmium iodide and zinc iodide 
cells. (From the An. Univ. Chile, 1933.) 

SCHLAPFER, PauL. Bemerkungen zu den 
neuen Qualitatsvorschriften fiir organische 
Strassenbaustoffe, die fiir Oberflachenbehand- 
lung bestimmt sind. (From the Schweiz. Z. 
Strassenwesen, 1932.) 

Herstellung und Verwendung inland- 
ischer organischer Strassenbaustoffe. (From 
the Schweiz. Z. Sivassenwesen, 1932.) 

Ueber die Bewertung von Gaskohlen. 
(From the Monats-Bull. Schweiz. Ver. Gas- 
Wasserfachmannern, 1932.) ill. 

SCHLAPFER, PAUL, and DROTSCHMANN, H. 
Zur Frage des Betriebes von Automobil- 
motoren mit Sauggas. (Schweiz. Ges. Studium 
Motorbrennstoffe, Ber. No. 2.) Bern 1933. 
pp. 92. ill. 

SCHLAPFER, Paut, and Morcom, A. R. 
Beitrage zur Kenntnis der Verkokungsvor- 
gange. (Eidgen. Materialpriifungsanst. E.T.H. 
Ziivich, Ber. No. 62.) pp. 60. ill. 

SCHLAPFER, PAUL, and RopEL, W. Ueber 
die Bestimmung der Viskositat von Strassen- 
teeren mit dem Hutchinson-Teerpriifer und 
dem Strassenteer-Konsistometer. (From the 
Schweiz. Z. Strassenwesen, 1932.) 

SCIENTIFIC AND INDUSTRIAL RESEARCH, 
Department of. Fuel Research. Physicaland 
chemical survey of the national coal resources. 
No. 26. The carbonisation of coal of relatively 


low coking power. The Northumberland 
Yard seam. London 1933. pp. vi + 35. ill. 

SCIENTIFIC AND INDUSTRIAL RESEARCH. 
Department of. Fuel Research. Technical 
Paper No. 36. Pulverised fuel—the “‘ grid” 
burner. By T. F. Hurtey. London 1933. 
pp. 21. ill. 

SoutH ArFrRica, UNION oF. Depariment of 
Agriculture. (Division of Chemistry, Series 
No. 117.) Oils from South African eucalypts. 
By F. J. DE VILLIERS and C. P. NAupE. 
Pretoria 1932. pp. 20. ill. 

(Division of Chemistry, Series No. 
125.) Jointed cactus and its eradication. By 
C. R. VAN DER MERWE. (From Farming in S. 
Africa, 1932.) 

SPRANTSMAN, ALEKSANDRA. Uber Herstel- 
lung makroskopischer Thalliumkristalle durch 
Elektrolyse. (From the Acta Comm. Univ. 
Tartu., 1933, A24.) 

SRINIVASAN, A. Determination of nitrogen 
in soils. I, (From the Indian J. Agric. Sci., 
1932, 2.) 

TROLLE, HENRI. Contribution a l’analyse 
des substances toxiques et des stupéfiants. 
Sur la découverte de la non-spécificité des 
réactions chimiques employées pour déceler la 
présence du chanvre Indien ou hachich et 
dérivés. Le Caire 1932. pp. 21. 

UNITED STATES. Depariment of Agricul- 
ture. Circular No. 216. Production of 
organic acids from carbohydrates by ferment- 
ation. A digest of the literature. By O. E. 
May and H. T. HERRIcK. Washington 1932. 
pp. 30. 

—- Technical Bulletin No. 248. 
Wood-liquid relations. By LEE FRED HAWLEY. 
Washington 1931. pp. 34. ill. 

Technical Bulletin No. 310. The 
visual spectrophotometry of dyes. By W. C. 
Homes, J. T. SCANLAN and A. R. PETERSON. 
Washington 1932. pp. 41. ill. 

Technical Bulletin No. 318. 
Effect of solid and gaseous carbon dioxide 
upon transit diseases of certain fruits and 
vegetables. By CHARLES Brooks [and others]. 
Washington 1932. pp. 59. ill. 

Technical Bulletin No. 346. The 
effect of concentration on the toxicity of 
chemicals to living organisms. By ERNEST 
BaTEMAN. Washington 1933. pp. 53. ill. 

Depariment of Commerce. Bureau of 
Mines. Technical Paper No. 505. Influence 
of fractionation on distribution of sulphur in 
gasoline. By Ratpn H. Espacu and H. P. 
Rue. Washington 1931. pp. 24. ill. 
Technical Paper No. 513. 
Studies on determination of sulphur in gasoline. 
By Rarpu H. Espacw and O. C, BLApeE, 
Washington 1931. pp. 22. ill. 
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FORTHCOMING MEETINGS OUTSIDE LONDON. 


BIRMINGHAM. 


Monday, January 22nd, 1934, at 5.30 p.m., in the Chemistry Lecture Theatre of the 
University. Lecture entitled ‘“‘ Some Recent Work in the Alkaloid Group,” by Professor 
R. Robinson, D.Sc., F.R.S. 







BRISTOL. 


Friday, January 26th, 1934, at 5.30 p.m. Discussion to be held in the Chemistry 
Lecture Theatre of the University on ‘‘ Reactions in Gases and Solids.’’ Papers will be 
contributed by Professor W. E. Garner, D.Sc., A.I.C., and Mr. C. N. Hinshelwood, M.A., 
F.R.S. 









GLASGOW. 


Friday, December 8th, 1933, at 6.45 p.m. The Ramsay Chemical Dinner in the Central 
Hotel, Glasgow. The Chair will be occupied by Sir Arthur Huddlestone, C.M.G., O.B.E., 
M.A., the new Director of the Royal Technical College. 











NORTH WALES. 


Friday, December Ist, 1933, at 6 p.m. Lecture by Professor R. Robinson, D.Sc., 
F.R.S., at the University College of North Wales, Bangor, entitled ‘‘ Group Protection 
Devices.”” The Lecture will be followed by a Dinner. 









SHEFFIELD. 


Thursday, January 25th, 1934, at 7.30 p.m. Symposium and discussion on “ The 
Ignition of Gases,”’ arranged by Professor R. V. Wheeler, D.Sc., F.I.C. 









FORTHCOMING MEETINGS IN LONDON. 












Thursday, December 7th, 1933, at 8 p.m. 





Ordinary Scientific Meeting. The following papers will be read : 


“The thermal decomposition of solids.” By W. E. GARNER, A. S. Gomm, and H. R. 
HAILEs. 

“The acceleration of the decomposition of solids by the emission from radium.” By 
W. E. GARNER and C. H. Moon. , 

“ The dielectric polarisation of hydrogen chloride in solution. Part II. Benzene, ethyl 
bromide, and ethylene dichloride.” By F. FAIRBROTHER. 

“ The effect of pressure on the binary system monomethylaniline-dimethylaniline.” By i 
J. C. SWALLow and R. O. G1Bson. 


















Thursday, December 21st, 1933, at 8 p.m. 





Ordinary Scientific Meeting. 







Thursday, January 18th, 1934, at 8 p.m. 








Ordinary Scientific Meeting. 
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PROCEEDINGS 


OF THE 


CHEMICAL SOCIETY. 


A meeting under the auspices of the Society was held on November 9th, 1933, in the 
Chemistry Lecture Theatre of the University of Manchester, Dr. R. H. PICKARD, F.R.S., 
Vice-President, in the Chair. 

Professor J. E. Lennard-Jones, F.R.S., gave a lecture entitled ‘‘ Molecules Pictorial.” 
By the use of analogies drawn from vibrating strings, plates, and other objects, the lecturer 
introduced in a non-mathematical form the idea of the wave nature of matter. The 
manner in which atoms joined together to form molecules was then explained and the 
electron distribution in several typical cases demonstrated by means of an ingenious 
floodlit rotating model. A short discussion followed, in which Dr. R. H. Pickard, Dr. F. 
Fairbrother, Mr. F. M. Neale, Dr. G. N. Burkhardt, Professor I. M. Heilbron, and Professor 
A. Lapworth took part. About 120 were present. 





Ordinary Scientific Meeting held on Friday, November 24th, 1933, at 4.30 p.m., in the 
Lecture Theatre of the Tatem Laboratories, The University College of South Wales and 
Monmouthshire, Cardiff, Professor G. T. Morcan, O.B.E., D.Sc., F.R.S., President, in the 
Chair. ° 

The Principal of the College, Principal J. F. Rees, M.A., in welcoming the Society to 
Cardiff, said that this was the first Ordinary Scientific Meeting of the Society to be held 
in Wales. He referred also to the new Physical and Chemical Laboratories and spoke with 
appreciation of the services of the late Professor Claude M. Thompson. 

The PRESIDENT expressed the thanks of the Society to the Principal, and welcomed the 
visitors present. 

Messrs. N. H. Hartshorne, F. M. Lea, and J. F. J. Dippy were formally admitted Fellows 
of the Society. 

Forms of recommendation for Fellowship were read for the first time in favour of : 
Reginald George Robert Bacon, B.Sc., A.R.C.S., 74, Hermitage Road, Finsbury Park, N. 4. 

a ee Ph.D., B.A., British Leather Manufacturers’ Research Association, 20, St. Thomas’ 
Abraham Cluer, 5, Nightingale Road, Clapton, E. 5. 

Douglas Cecil Hibbit, B.Sc., A.R.C.S., 86, Weston Road, Strood. 

William Ralph Maxwell, B.Sc., The Gables, Torrington Grove, Friern Park, N. 12. 

Cecil Henry Miller, B.Sc., A.R.C.S., 54, Acland Road, Bournemouth. 

Gilbert Freeman Smith, Ph.D., Hillcroft, King Lane, Alwoodley, Leeds. 

Hardwicke Slingsby Tasker, New College, Oxford. 

Forms of Recommendation for Fellowship in favour of 19 candidates were read for the 
second time. 

The formal business having been completed, a discussion on ‘‘ Chemical Applications of 
Optical and Morphological Crystallography ” was opened by Dr. N. H. Hartshorne, who 
described the use of optical crystallographic methods in chemical practice, and by Professor 
G. M. Bennett, who explained by reference to a number of examples the value of gonio- 
metric data in chemical research. Professor Bennett also read a communication from Dr. 
Mary W. Porter on the Fedorov—Barker method of crystallochemical analysis, in the course 
of which she appealed for the co-operation of chemists in the preparation of the ‘‘ Barker 
Index.”’ There was some discussion on this matter. 

After an informal dinner, the meeting was resumed at 8 p.m., when Messrs. N. M. 
Cullinane, A. Stuart, and R. G. Wood described an investigation of some organic com- 
pounds, existing in forms of different colours in which optical and goniometrical methods 
proved to be of value. Mr. F. M. Lea then described the use of optical crystallographic 
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methods in phase-rule equilibrium studies and demonstrated the value of these methods 
by reference to systems of oxides of high melting point and to aqueous systems. 

Mr. E. G. Cox gave an account of the use of optical properties of crystals, especially 
refractivity, for the purpose of gaining information on the structure of the molecules of 
which they are formed. The method was illustrated by reference to a number of examples. 

An account of the identification of some aromatic nitrocompounds by optical crystallo- 
graphic methods, by E. S. Davies and N. H. Hartshorne, was given by Mr. E. S. Davies. 

Most of the papers were followed by a discussion. The meeting was very well attended, 
and it was generally agreed that the topics dealt with had been of considerable interest 
and practical value. 





An Extra Meeting of the Chemical Society was held in the University of Sheffield on 
Thursday, November 30th, at 7.30 p.m. Mr. T.B. Smith, B.Sc., A.R.C.S., of the University 
of Sheffield gave a lecture on “‘ Modern Developments in Analytical Chemistry.” The 
Chair was taken by Mr. John Evans, F.I.C., Sheffield City Analyst. 





A joint meeting of the Chemical Society with the Chemical Society of the University 
College of North Wales, Bangor, was held in the Lecture Theatre of the Chemical Depart- 
ment of the College on Friday, December Ist, at 6 p.m., when Professor R. Robinson, D.Sc., 
F.R.S., delivered a lecture entitled ‘‘ Group Protection Devices,”’ the Chair being taken 
by Professor J. L. Simonsen, D.Sc., F.R.S. 

Methods of protecting active hydroxy- and amino-groups during condensation and ring 
formation were surveyed and illustrated by examples gathered from a wide field of 
synthetic work in alkaloid, sugar, and anthocyanin chemistry. 

Following a discussion, a vote of thanks to the Lecturer was proposed by Mr. E. M. 
Francis and seconded by Mr. E. R. Jones. The meeting was well attended and was 
followed by a Dinner. 





Ordinary Scientific Meeting, Thursday, December 7th, 1933, at 8 p.m., Professor G. T. 
MorGAN, O.B.E., D.Sc., F.R.S., President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, through death, of the 
following Fellows : 


Elected. Died. 


Richard Arthur Bush Feb. 21st, 1884. Oct. 7th, 1933. 
Nial Patrick McCleland Dec. 15th, 1921. Dec. Ist, 1933. 
Pattinson Banks Melmore May 20th, 1875. Nov. 20th, 1933. 


Mr. A. P. Sachs was formally admitted a Fellow of the Society. 


Forms of Recommendation for Fellowship were read for the first time in favour of : 


Rama Krishna Bahl, M.Sc., c/o Lloyd’s Bank, Ltd., 67, Kingsway, W.C. 2. 

Ernest George Boyce, B.Sc., A.I.C., ‘‘ Ranmore,’’ 34, Regent Road, Surbiton, Surrey. 
Dorothy Ellen Cook, B.Sc., 36, Hanover Road, N.W. 10. 

Norman Charles Crane, 107, Salisbury Road, Barnet, Herts. 

Kenneth King-Len Dzo, B.Sc., 15, Alma Square, St. John’s Wood, N.W. 8. 

Donald Percy Earp, B.Sc., 225, Western Road, Sheffield 10. 

Frederick John Flowerdew, B.Sc., 87, Liverpool Road, Birkdale, Southport, Lancs. 
Geoffrey Arthur Dering Haslewood, M.Sc., 15, Fitzroy Square, W. 1. 

John Francis Hopkins, 15, Downs Court Road, Purley, Surrey. 

Shing Kong Hsii, B.Sc., 17, Arlington Road, Campden Town, N.W. 1. 

Hilda Ellen Johnston, B.Sc., 126, Clifford Gardens, N.W. 10. 

Leslie John Jolley, A.R.C.S., 2, Holland Road, Westcliff-on-Sea, Essex. 

John Idris Jones, B.Sc., ‘‘ Brynderyn,’” Elm Tree Avenue, Aberystwyth. 

Diana Lockhart, B.Sc., 36, Hanover Road, N.W. 10. 

Kurt Moers, Dr. Phil., I. G. Farbenindustrie Aktiengesellschaft, Frankfurt /Main-Hoechst, Germany. 
Friedrich Adolph Paneth, Prof., Ph.D., 9, Cecil Court, Hollywood Road, S.W. 10. 
Frank Howard Pearman, 49, Grosvenor Gardens, Woodford Green, Essex. 

Harold Valentine Walker Robinson, M.Sc., Plas Edwards, Towyn, Merioneth. 

John Donald Rose, B.A., Logastone, Greasborough, Rotherham, Yorks. 

Abel Bao-Len Wang, B.Sc., China House, 91, Gower Street, W.C. 1. 

Frederick Charles Webb, A.R.C.S., 47, Belmont Road, West Green, N. 15. 
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Forms of Recommendation for Fellowship in favour of 8 candidates were read for the 


second time. 


Mr. K. K. Etchells and Mr. S. H. Woolhouse were elected Scrutators, and a ballot for 
the election of Fellows was held. The following were subsequently declared elected : 


Ewart Ingham Akeroyd, B.A. 

Henry George Alexander Anderson, B.Sc., A.I.C. 
Kenneth Frankland Armstrong, B.A., B.Sc. 
Fritz Arndt, Dr. Phil. 

Arthur Edward Bailey. 

Wilson Charles Geoffrey Baldwin, B.A. 
Richard Maling Barrer, M.Sc. 

Jack Wheeler Barrett, B.Sc., A.R.C.S. 
Vincent Christopher Barry, M.Sc. 

John Carr Bennison, M.R.C.V.S. 
Alexander Boden. 

William Bernard Brown, B.Sc., A.R.C.S. 
Gilbert Fatkin Caley. 

Derek John Campbell-Gamble, B.A., A.I.C. 
Georgina Elizabeth Canning, M.Sc. 

John Eugene Carruthers, B.A. 

Norman Henry Chamberlain, B.Sc., Ph.D. 
Francisco Cignoli. 

Archibald Barclay Crawford, B.Sc., Ph.D. 
Ailsa Victorian Crawley, B.Sc., A.I.C. 
Joseph Harold Crook, B.Sc. 

Henry Arthur Dane. 

William Gardiner Dangerfield, B.Sc., Ph.D. 
Audrey Winifred David, B.Sc. 

Mansel Morris Davies, B.Sc. 

William Charles Dovey, B.Sc., Ph.D. 
Raphael John Doyle, M.Sc., D.Sc.Tech. 
Stanley Haines Edwards. 

David Johnson Evans. 

Edward William Fairbrass. 

Arthur Flamank. 

Emrys Manley Francis, B.Sc. 

Philip James Garner, B.A. 

James Blair Gillies. 

Leonard James Goldsworthy, M.A., B.Sc. 
Thomas Henry Goodwin, B.Sc. 
Mohammad Abdul Hafeez, B.A., B.T. 
William Edward James Hansford. 

Harold Carl Happold. 

Stanley Hugh Harper, A.R.C.S. 

John Michael Hennessy. 

James Bankes Morice Herbert, M.Sc. 
William Hetherington. 


The following papers were read : 


“The thermal decomposition of solids.” 
HAILES. 


Henry Reginald Hirst, M.Sc., F.I.C., M.I.Chem.E. 
Isaac Vance Hopper, B.Sc., Ph.D. 

Edward William Jackson, A.M.I.E.E. 
Edwin Ernest Jelley, B.Sc., A.I.C. 

Dafydd Islwyn Jenkins, B.Sc., Ph.D. 
Wilhelm Klemm, Dr. Phil. 

Jagadish Kumar Lahiri, B.Sc. 

Justus Kenneth Landquist. 

Alan Harvey Leckie, B.Sc. 

William D. Leech, A.B., M.A. 

Thomas Love, B.Sc. 

Constance Mary McDowell, B.Sc., Ph.D. 
Arthur Thomas Masterman, M.A., D.Sc., F.R.S. 
William Smythe Moore, B.Sc. 

Baladeb Mukerji, B.Sc., M.B. 

Theodore Lawrence Parkinson, B.Sc. 

Ella Kathleen Parsons. 

Ram Rao Parvatikar, M.A. 

Edmund George Vincent Percival, B.Sc., Ph.D. 
Eric Hume Phillips. 

Archibald Pilgrim, B.Sc. 

Michael Pélanyi, Ph.D., M.D. 

Bryan Pontifex. 

William Charles Henry Potter-Mackenrot. 
George Rowntree Ramage, M.Sc., Ph.D. 
Frederick Denys Richardson, B.Sc. 

Edna Margaret Francis Roe, B.Sc. 

Alfred Rubenstein, B.Sc. 

Dennis Frank Runnicles, B.Sc. 

Francis Charles Julian Ruzicka, B.Sc., A.R.C.S. 
Olive Dora Saltmarsh, B.A. 

James William Skeen, B.Sc. 

Hugh Clifford Stephens, B.A., B.Sc. 

John Templeton. 

Mary Christina Thompson, B.Sc. 

Robert Fraser Thomson, M.A., D.Sc. 
Samuel Travis Tong. 

Arnold Weissberger, Dr. Phil. 

Alan Edward Wilkinson. 

Ronald Branston Williams, B.A., B.Sc. 
Beatrice Muriel Wilson, B.Sc., Ph.D. 
Francis Thomas Winfield, B.Sc. 

Edmund Denys Yates, B.Sc., Ph.D., A.I.C. 


By W. E. Garner, A. S. Gomm, and H. R. 


“‘The acceleration of the decomposition of solids by the emission from radium.”” By W.E. 


GARNER and C. H. Moon. 


“ The dielectric polarisation of hydrogen chloride in solution. 
By F. FAIRBROTHER. 


bromide, and ethylene dichloride.” 


Part II. Benzene, ethyl 


“* The effect of pressure on the binary system monomethylaniline—dimethylaniline.” By 


J. C. SWALLow and R. O. GIBson. 





Ordinary Scientific Meeting, Thursday, December 2lst, 1933, at 8 p.m., Professor 
G. T. Morecan, O.B.E., D.Sc., F.R.S., President, in the Chair. 

The PRESIDENT referred to the loss sustained by the Society, through death of the 
following Fellows :— 


Col. Sir Frederic Lewis Nathan, K.B.E. ... 


Robert Elliot Steel 


sat May 5th, 1921. 


Died. 
Dec. 10th, 1933. 
Oct. 6th, 1933. 


Elected. 
May 7th, 1885. 
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Messrs. D. F. Runnicles, J. K. Landquist, F. Ruzicka, S. H. Harper, A. C. C. Newman, 
A. H. Leckie, G. F. Caley, Cecil Bean, E. Isaacs, and A. J. Leigh were formally admitted 
Fellows of the Society. 


Forms of Recommendation were read for the first time in favour of :— 


Paul Raywood Beaven, B.A., 9, Elm Vale, Fairfield, Liverpool. 

Kenneth Guy Blaikie, B.A., Ph.D., A.R.C.S., 138, Cedar Avenue, Shawinigan Falls, Que., 
Canada. 

William Robert Boon, B.Sc., 76, Croham Valley Road, Selsdon, Surrey. 

Kenneth Alfred John Chamberlain, B.Sc., Elmleigh, Cookhill, Alcester, Warwickshire. 

Richard Henry Henriksen, 65, Moss Lane, Liverpool 9. 

Victor Basil Jones, Coney Hill, Hayes, Kent. 

Kiichir6 Kakemi, The Pharmaceutical Institute, Imperial University, Tokyo, Japan. 

Alexander McGookin, B.Sc., Ph.D., 26, Princes Avenue, Eastham, Cheshire. 

Dudley Maurice Newitt, D.Sc., Ph.D., A.R.C.S., 4, Coombefield Close, New Malden, Surrey. 

Walter Ritchings, M.Sc., A.I.C., 6, Harley Road, Sheffield 11. 

Samuel Aaron Rosenthal, Ph.C., 24, Brighton Square, Rathgar, Dublin. 

Isao Satoda, 40, 3-chome, Haramachi, Ushigomeku, Tokyo, Japan. 

Emma Stott, B.Sc., Ph.D., 57, Headingley Lane, Leeds, 6. 

Arthur William Charles Taylor, B.Sc., 86, Boundary Road, Hove, Sussex. 

Donald Thomas Alfred Townend, D.Sc., Ph.D., D.1.C., Briar Mount, Kents Hill Road, South 
Benfleet, Essex. 

Harry John Victory, B.Sc., 2, Brynhydryd Avenue, Newport, Mon. 

James Hunter Young, B.Sc., A.I.C., 7, Upper Hornsey Rise, N. 19. 


The following forms of Recommendation have been accepted by the Council under 
Bye-Law I (2) :— 
Ernst Bergmann, Ph.D., Daniel Chaim Sieff Institute, Reohoboth, Palestine. 
Saileth Chandra Bose, P.O. Dhakeswari Mills, Narayganj, Bengal, India. 
Joseph Koetschet, 6, Boulevard Suchet, Paris, France. 
Lionel Stratton Lightening, c/o Rhodesia Chrome Mines, Ltd., Railway Block, Selukwe, S. 


Rhodesia. 
Eduard Zintl, Ph.D., Chemisches Institut der Technischen Hochschule, Darmstadt, Germany. 


Forms of Recommendation in favour of twenty-one Candidates were read for the second 
time. 


The following papers were read :— 


“The homogeneous catalysis of stereoisomeric change in oximes.”’ By T. W. J. TAYLor 
and D. C. V. RoBERTs. 

“The intramolecular strain in substituted dihydroresorcinols. Part II. Substituted 
phenyldihydroresorcinols.” By L. E. HINKEL, E. E. AYLING, and J. F. J. Dippy. 
“The mobility of groups containing a sulphur atom. Part III.’”’ By D. W. Cowre and 

D. T. GrBson. 
“The optical activity of a diphenyl derivative, the dissymmetry of which is caused by 
space effect of only one group.’”’ By Miss M. S. LEssLie and E. E. TURNER. 


The Council has made the following grants from the Research Fund :— 


Effect of surface on the kinetics of sensitised gaseous apn E. I. Akeroyd. 
(Cambridge Univ.) ... 

Complex compounds of olefine hydrocarbons ‘and related substances with the 
platinum metals and their salts. J.S. Anderson. (Imperial Coll.) ... ‘ 

Synthesis and properties of polyene chains. R.G.R. Bacon. (Imperial Coll.) .. 

Periodic acids and periodates. R.K. Bahl. (East London Coll.) .. . 

Synthesis of dill and parsley apiole, and investigation of certain orientation prob- 
lems arising therefrom. W. Baker. (Oxford Univ.) 

Circular dichroism, absorption, and rotatory dispersion of acetylated sugars and 
other optically active compounds. W.C.G. Baldwin. (Cambridge Univ.)... 

High and low temperature processes in the interaction between hydrogen and char- 
coal. R.M. Barrer. (Cambridge Univ.) ane wos see ost one 

Syntheses of dicyclic ketones. J. W. Barrett. (Imperial Coll.) .. _ ve 

Reactivity of aromatic hydroxyl groups. H. Ll. Bassett. (Univ. Coll., i, 

Concentration and properties of heavy isotope of hydrogen. R. P. Bell and J. H 
Wolfenden. (Oxford Univ.) 

Isolation and the determination of the chemical constitution of New Zealand 
alkaloids. L. H. Briggs. (Univ. Coll., Auckland) 
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Adsorption of the fatty acids from very dilute solutions by silicic acid gel. G. 


Broughton. (East London Coll.) ... oon wes 
Synthesis and properties of polyene chains. W. B. Brown. ‘(Imperial Coll.) 
Anionotropic and prototropic a in cyclic theme H. Burton. (Leeds 

Univ.) ... _ ond obs we 
Electrolytic and other properties ‘of heavy hydrogen. J. A. V. Butler. aap 

burgh Univ.) ‘ 

Primary photochemical processes. .. E. Carruthers. " (Cambridge Univ.) 

Isomeric change of aromatic compounds (continued). A. W. ronuren (Sheffield 
Univ.) ... 

Complex salts. D. R. Chesterman. (Woolwich Polytechnic) - 

Development of terpene chemistry, and in particular the synthesis of cyclic struc- 
tures containing quaternary carbon atoms which are common members of the 
two ring systems (continued). G. R. Clemo. (Armstrong Coll.) 

Nuclear isomerism of some cobalt compounds. A. Cluer. (East London Coll. “ae 

aoe of fused ring systems (continued). A. H. Cook. (Imperial Coll.) - 

2 : 2’-Spiro-cyclo-derivatives of diphenyl and related compounds. (Miss) D. E. 
Cook. (Bedford Coll.) ive 

Influence of substituents on chemical and physical properties of organic compounds 
(continued). D.M. Cowan. (Woolwich Polytechnic) ... 

Magnetic susceptibility of binary alloys of thallium before and after heat treatment. 
(Miss) A. W. David. (Bedford Coll.) 

Conductivities in non-aqueous solvents. M. M. Davies. (Univ. Coll., ‘Aberyst- 
wyth) ... - - sie — 

Formation and decomposition of ‘quaternary phosphonium | salts. W. C. Davies. 
(Univ. Coll., Cardiff) .. one “ 

Studies in jaborandi alkaloids. A. N. Dey. (Imperial Coll. ) 

Synthesis of polycyclic hydrocarbons. K. K. Dzo. (Imperial Coll. ) 

Studies in non-aqueous colloid chemistry. K. K. Etchells. (Sir John Cass Tech. 
Inst.) .. 

Synthesis and hydrogenation of hydrocarbons related to cholesterol. D. J. c. 
Gamble (Imperial Coll.) wes _— ove 

Additive properties of acetylenic compounds. "S. C. Ghosal. | (Imperial Coll.) . 

Mobility of groups containing a sulphur atom. D.T. Gibson. (Glasgow Univ.) 

Mechanism and dynamics of eregumnieies degradations. - L. Gleave. ee 
Coll., London) 

cycloPentadiene derivatives. F. R. Goss. (Leeds Univ.) 

Magnetic study of nitric acid, nitrous acid, and inorganic and organic nitrates and 
nitrites and other nitric acid and nitrous acid derivatives. F. W. Gray. 
(Aberdeen Univ.) ‘ 

Chemical dynamics of the reactions between sodium ‘pseudo- -cumerolate and alkyl 
iodides in ethyl alcohol. P. J. Hardwick. (Chelsea Polytechnic) , 

eer of oxygen containing polycyclic compounds. S. H. —" (Imperial 

RB) xs “a wes 

Linear velocity of polymorphic transformation of mercuric iodide. N. H. Hart- 
shorne. (Univ. Coll., Swansea)... one 

Heterocyclic compounds of nitrogen. H. H. Hatt. ‘(East London Coll.) 

Stereochemistry of some mixed §-tetrammines. F. 5. H. Head. = London 


Formation of ‘alicyclic compounds. D. C. Hibbit. (Imperial Coll. ) oes 

Condition for the retention of enantiomeric identity of tautomeric systems. S. K. 
Hsii. (Univ. Coll., London) 

Catalytic reduction of conjugated unsaturated ‘substances. (Miss) H H. E. Johnston. 
(Univ. Coll., London) ‘ 

Chlorination of aromatic ethers. B. Jones. (Sheffield Univ. ) ‘ 

Studies in the cinnamic acid series. J. I. Jones. (Univ. Coll., Aberystwyth) 

Organo-metallic compounds. J. K. Landquist. (East London Col} 

Constitution of aconitine and picrotoxin. A. Lawson. (Univ. Coll., Southampton) 

Naturally occurring eater compounds. R. J. W. Le ‘Fevre. Diath 
Coll., London) one ven ate 

Organic compounds of mercury. ‘ D. Loudon. (Glasgow Univ.) 

Hydroxyanthraquinones. P.G. Marshall. (Edinburgh Univ.) ... owe oie 

Catalytic hydrogenation of polyene systems. S. R. W. Martin. Imperial (Coll.) 

Dissociation Constants of polybasic acids. W. R. Maxwell. (East London Coll.) 

Syntheses of substances of possible physiological interest. E. M. Meade. — 
Coll., Middlesbrough) wis in 

Polymerisation of simple molecules. H. W. Melville. " (Cambridge Univ.) _ 

Syntheses of hydrocarbons related to cholesterol. C. H. Miller. (Imperial Coll. y 
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tH, 
a 


Stereochemical study of semi-pinacolinic deamination. A. K. Mills. (Aberdeen 
Univ.) ... ‘ ovis oes oes & one 
Analogues and homologues of phenoxtellurine. “'W. S. Moore. (East London Coll.) 
Three-carbon tautomerism in aldehydes. K.S. Nargund. (Gujarat Coll., India) 
Phthalazines and derived keto-bodies. F.H. Pearman. (East London Coll.) 
Formation of rings attached to the — of the benzene nucleus. S.G. P. 


ry 


Plant. (Oxford Univ.) oes ose ose ose 
Terpene and sesquiterpene chemistry. ‘ER "Ramage. (Univ. Coll., Bangor) 
Reduction of conjugated unsaturated substances by metals dissolving in an aqueous 

or alcoholic medium. M. A. T. Rogers. (Univ. Coll., London) one ein 
Nature of the thiazine dyestuffs. A. Rubenstein. (East London Coll.) ... 

Syntheses of polycyclic substances. F.C. J. Ruzicka. (Imperial Coll.) ... 

(a) Isomerisation of some acetylenic compounds. (b) Condensation with tertiary 
bromo-esters. H.N. Rydon. (Imperial Coll.) . 

Primary photochemical reactions. The quantum efficiency ‘of the photochemical 
decomposition of acetone and other ketones. (Miss) O. D. Saltmarsh. ne 
bridge Univ.) .. - cu ‘ one 

Dissociation constants of cyano-acids. “K. Sams. (Imperial Coll.) 

Cyclic derivatives of phorone. C. W. Shoppee. (Leeds Univ.) ... ewe 

Oxidation-reduction potentials in a solvents. J. W. Skeen. (East 
London Coll.) sii son 

Synthesis of long-chain aliphatic acids. ‘7s. C. Smith. " (Oxford Univ. ) ost 

Effect of temperature on the relative ionisation constants of polybasic acids. F. G. 
Soper. (Univ. Coll., Bangor) 

Relations between physical properties and chemical constitution of selected mole- 
cular species. H.C. Stephens. (Woolwich Polytechnic) 

Formation and properties of diaryl er possessing a 2: 2’ ~bridge. _ (iss) 

M. C. Thompson. (Bedford Coll.)... o 
Stereochemistry of the platinum ammines. H. ‘ Tress. (East London Coll. } sts 
Magnetic susceptibility of thallous and thallic inorganic and — compounds. 

Miss) V. C. G. Trew. (Bedford Coll.) 

(a) Thermal decomposition of substituted dibasic acids (continued). (b) Tsolation 
of strainless forms of cyclohexane and substituted cyclohexane derivatives 
(continued). A. I. Vogel. (Woolwich Polytechnic) . wo 

Derivatives of substituted phthalic acids. A. B. Wang. (Imperial Coll.) net 5 

Synthesis and behaviour of polyene compounds. F.C. Webb. (Imperial Coll.)... 8 
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List of Papers, or Abstracts thereof, received between November 16th, 1933, and 
December 21st, 1933. (This List does not include the titles of papers which have been 
read at an Ordinary Scientific Meeting, or which have appeared in the Journal.) 


‘“‘Tsomeric 6 : 6’-di-(2 : 4-bistrichloromethyl-1 : 3-benzdioxinyl)sulphones.” By F. D. 
Cuattaway and A. E. BELL. 

“ The effect of electrical leakage on the electromotive behaviour of the glass electrode. 
An improved direct-reading hydrogen-ion potentiometer.” By C. Morton. 

“ The condensation of chloral and bromal with diamides.” By F. D. Cuatraway and 
E. J. F. JAMEs. 

‘‘ The energetics of catalysis. Part II. The poisoning coefficients and energies of activ- 
ation of hydrogenation processes.” By E. B. MAXTED and V. STONE. 

‘‘ The solubility of cupric oxide in salt solutions.”” By J. M. Ripcion and H. L. Ritey. 

“ A note on the anil of 2- hydroxy-4-methylbenzaldehyde.” By T. Love. 

“ Tridium hydroxopentammines.” By B. E. Drxon. 

‘‘ The constituents of Indian turpentine from Pinus longifolia, Roxb. Part III (continued).”’ 
By A. E. BRADFIELD, E. M. Francis, and J. L. SIMONSEN. 

“The action of alkalis upon substituted 1 : 3-benzdioxins.” By F. D. CHatraway and 
H. IRviNG. 

“On the Cannizzaro reaction.” By A. WEISSBERGER and R. HAAsE. 

“The modes of addition to conjugated unsaturated systems. Part VI. Addition of 
halogens and hydrogen halides to conjugated unsaturated carboxylic acids and 
esters.” By C. K. Incotp, G. J. PRITCHARD, and (in part) H. G. SMITH. 
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“ The modes of addition to conjugated unsaturated systems. Part VII. The addition of 
hydrogen cyanide and methyl malonate to methyl cinnamylidenemalonate.” By 
(Miss) D. A. Durr and C. K. INGOLD. 

“‘ The reduction of permanganate in neutral solution : titration with hydrogen peroxide in 
presence of silicofluoride.” By W. PuGu. 

“ o-Nitrophenylglyoxal-arylhydrazones.” By G. D. PARKES and E. H. WILLIAMs. 

“‘ Chemical constitution and the electrolytic dissociation of monocarboxylic acids. Part I. 
Some substituted phenylacetic acids.” By J. F. J. Dippy and F. R. WILLIAMs. 

“ Some nitro-derivatives of m-propylbenzene.” By O. L. BRApy and R. N. CUNNINGHAM. 

“‘ Ascorbic acid and synthetic analogues.” By D. K. Barrp, W. N. Hawortu, R. W. 
HERBERT, E. L. Hirst, F. Smitu, and M. STAceEy. 

“ Sodium in liquid ammonia as a dehydrohalogenation agent and its use in the synthesis of 
acetylenes.”” By T. H. VAUGHN. 

“The volatile hydrides. Part I. Periodicity as a means of correcting and supplementing 
determined physical properties. Part II. The parachor, the molecular volume at 
absolute zero, and the electronic structure and properties of compounds.” By T. G. 
PEARSON and P. L. RoBINson. 

“Structural and stereochemical relationships among the disulphines and diammines of 
platinum and palladium.” By H. D. K. Drew and G. H. Wyatt. 

“‘ Syntheses of polycyclic compounds related to the sterols. Part II.” By S. H. HARPER, 
G. A. R. Kon, and F. C. J. Ruzicka. 

“The structure of the thio-ether compounds of platinous and palladous chlorides.” By 
E. G. Cox, H. SAENGER, and W. WARDLAW. 

“The mechanism of activated diffusion through silica glass.”” By R. M. BARRER. 

“An instance of the action of air in determining the course of bromination.”” By J. 
HANNON and J. KENNER. 

“The dissociation constants of organic acids. Part VIII. Phenylacetic acid.” By 
G. H. Jerrery and A. I. VoGEL. 

“‘ The parachors of some substituted methanes.” By D. Lt. HAmmick and H. F. Witmut. 

“ N-Oximino-ethers. Part IiI. Condensation of phenylchloroacetonitrile with nitroso- 
compounds. Stereoisomeric N-phenyl ethers of phenyloximinoacetonitrile.” By 
F. Barrow and F. J. THORNEYCROFT. 

“ The photochemical union of hydrogen and chlorine. PartIII. The effect of wave-length 
on quantum efficiency. Experiments with dispersed light.” By J. B. BATEMAN and 
A. J. ALLMAND. 

“ Alkaline halogenation. Part I. The chlorination of sodium benzoate.” By J. C. 
SMITH. 

“ The nitration of some «-naphthalides.” By H. H. Hopcson and J. WALKER. 

“ The nitration of 8-phenylethylpyridines and related compounds. Part II. The orient- 
ing influence of the vinyl radical.” By E. A. WaGsTAarFF. 

“4: 6- and 2: 4-Diacetoresorcinol.” By W. BAKER. 

“ Derivatives of 8-bromo- and 8-chloro-l-naphthoic acids and their orientation by 
dehalogenation and decarboxylation.” By H. G. RuLE, W. PurRsELL, and R. R. H. 
Brown. 

“ Constitution of dinitro-acenaphthene quinone and of dinitronaphthalic acid. Prepar- 
ation of a new dinitronaphthalene.” By H. G. Rue and R. R. H. Brown. 

‘ Physico-chemical studies of complex acids. Part XI. Vapour-pressure measure- 
ments.” By R. A. Roprinson and D. A. SINCLAIR. 

‘“Anionotropic and prototropic changes in cyclic systems. Part II. Hydroxy-3: 4- 
diphenyl-5-benzylidenecyclopentenones.”” By H. Burton and G. W. SHOPPEE. 

“ Anionotropic and prototropic changes in cyclic systems. Part III. The isomeric 
chloro-3 : 4-diphenylcyclopentenones.”” By H. Burton and C. W. SHOPPEE. 

‘“ Anionotropic and prototropic changes in cyclic systems. Part IV. Hydroxy-5-iso- 
propylidene-3 : 4-diphenylcyclopentenones.’’ By H. Burton and C. W. SHOPPEE. 

‘Researches in the carvone series. Part I. Some ketones and amines.” By J. READ 


and R. G. JOHNSTON. 








86 


“Researches in the carvone series. Part II. Some unsaturated alcohols.” By R. G. 
JOHNSTON and J. READ. 

“ Degradation of quaternary ammonium salts. Part VIII. Necessary structural con- 
ditions for migration in radicals.” By J. L. DUNN and T. S. STEVENS. 

“ Antiplasmodial action and chemical constitution. Part I. Cinchona alkaloidal deriv- 
atives and allied substances.” By A. ConEen, H. Kinc, P. TATE, and (Miss) M. 
VINCENT. 

“ Active charcoal. Part II. The constitution of the surface and the activated adsorption 
of water.” By C. OCKRENT. 

“ Hydroxymethylene-d-camphor, a potential instrument for the optical resolution of 
externally compensated alcohols.” By J. WALKER and J. READ. 

“ The chlorination of the aceto-o-xylides.” By L. E. H1nxet, E. E. AyLine, and T. M. 
WALTERS. 

“ Note on the aci-form of trinitromethane.”” By L. W. ANDREw and D. Ll. HAMmIck. 

“Some derivatives of m-phenylenediamine.” By F. BELL and R. COHEN. 

“ The alkaloids of Alstonia barks. Part I. A. constricta, F. Muell.” By T. M. SHARP. 

“The catalytic hydrogenation of diosphenol.”” By J. WALKER and J. READ. 

“ Solubility of vapours in gases.” By W. MACFARLANE and R. WRIGHT. 





ANNUAL REPORTS. 


Fellows are reminded that applications for the Annual Reports for 1933, Volume XXX, 
at 5s. 6d. per copy, must be received by January 15th, 1934. 





IXTH INTERNATIONAL CONGRESS OF PURE AND APPLIED CHEMISTRY. 


The IXth International Congress of Pure and Applied Chemistry which was unavoidably 
postponed in 1932 will be held in Madrid from April 5th to 11th, 1934, under the patronage 
of His Excellency the President of the Spanish Republic and of the Spanish Government. 


The object of the Congress is to promote the progress of Pure and Applied Chemistry, as 
well as to strengthen relations between Chemists the world over. 

The Congress is supported by a Committee of Honour consisting of His Excellency 
the President of the Spanish Republic, the Prime Minister, Foreign Secretary, Ministers 
for Education, Public Works, Economy, Agriculture, Industry and Trade, and many other 
important Government Officials, and by a Committee of Patronage consisting of repre- 
sentatives of all the important Academies, Universities, Colleges and Scientific Societies 
throughout Spain. 

Professor Dr. Obdulio Fernandez is the President of the Bureau of the Congress, and 
Professor Dr. Enrique Moles the Honorary Secretary. 

Membership is divided into three categories, viz :— 


(a) Honorary Members : Comprising all members of the Committee of Honour and 
of Patronage, the official Delegates of the Spanish Government and of the Govern- 
ments of other countries. 

(b) Supporting Members: Consisting of persons who pay the minimum amount 
of 300 pesetas ({7 10s., approximately). 

(c) Active Members: Consisting of those who pay the general fee of 75 pesetas 
(£1 17s. 6d., approximately). 

In applying for membership each applicant is required to signify his agreement with 
all the Rules and Regulations of the Congress. Members will be entitled to receive all 
publications im extenso, to take part in the sessions of the Congress, to receive copies of 
the daily bulletin, which will be published, as well as a separate issue of all the summaries 
of the communications and documents referring to the Congress, including the final report 
on the proceedings. Members will also be entitled to attend the receptions and festivities 
organised in connection with the Congress, except in such cases as may be expressly indi- 
cated on the programme which will accompany the identification cards. 
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Tickets at 25 pesetas each will be issued for ladies wishing to accompany members. 
Ladies will have the same rights as members except that they will not be privileged to take 
active part in the sessions, or to receive the publications. 

The Congress will be divided into the following Groups and Sections :— 


Group 1. Physical and Theoretical Chemistry. 


Sections : 
A. Pure Physical and Theoretical Chemistry (Electrochemistry, Photochemistry). 
B. Applied Physical and Theoretical Chemistry (Colloid-Chemistry, Rubber, 
Tanning and Leather Materials, Electrometallurgy). 


Group 2. Inorganic Chemistry. 


Sections : 
A. Pure Inorganic Chemistry. 
B. Applied Inorganic Chemistry (Glass, Ceramics, Cement, Mineralogy, Metal- 


lurgy). 


Group 3. Organic Chemistry. 
Sections : 


A. Pure Organic Chemistry. 
B. Applied Organic Chemistry (Colouring Materials, Explosives, Sugars, Starches, 
Cellulose, Paper, Fats, Oils, Soaps, Colours, Paints, Varnishes). 


Group 4. Biological Chemistry. 
Sections : 
A. Pure Biological Chemistry. 
B. Applied Biological Chemistry (Medical and Pharmaceutical Chemistry, Industries 
of Fermentation). 


Group 5. Analytical Chemistry. 
Sections : 


A. Pure Analytical Chemistry. 
B. Applied Analytical Chemistry. 


Group 6. Agricultural Chemistry. 
Group 7. History and Teaching of Chemistry : Economics and Chemical Legislation. 


The Executive Committee is authorised to increase the number of Sections as the need 
of the Congress may demand. 

Members attending the Congress should enrol at the Offices of the Organising Committee 
as soon as they arrive in Madrid, giving their temporary addresses, and indicating the 
Groups and Sections in which they are desirous of participating. 

The number of general meetings in connection with the Congress, the meeting-place, 
and the agenda for each meeting will be determined by the Executive Committee, and 
announced in the daily bulletin of the Congress at least twenty-four hours before each 
meeting. 

In accordance with the desires expressed and decisions taken at the Conference at 
Liége, the articles in connection with the Congress may be in the language with which the 
author is familiar. Nevertheless, the Organising Committee suggests the use of such 
languages as will avoid typographical difficulties when they are rendered in the printer’s 
type of the Latin countries. 

The summary of every paper must be in English, French, German, Italian, or Spanish. 

The Congress will comprise : 

(a) General Lectures. 
(b) Lectures in the various groups, followed by discussions. 
(c) Original Communications. 





88 


The general lectures will deal with Mineral Chemistry (pure and applied), Organic Chemistry 
(pure and Applied), and Biochemistry. 
The time-table will be approximately : 


9 to ll a.m. Sectional Meetings for original communications. 
4to5p.m. General Lectures. 
5.30 to 7.30 p.m. Group Lectures. 

All scientific communications intended for the Congress should be forwarded by 
February 5th, 1934. 

Membership is open to Societies, Institutions, etc., connected with Pure and Applied 
Chemistry or with any one of its branches, and to individuals interested therein, either in 
the capacity of Supporting Members or as Ordinary Members. Application for membership 
should be sent to Professor Dr. E. Moles, General Secretary, IXth International Congress 
of Chemistry, San Bernardo 49, P.O. Box 8043, Madrid (8), before February 15th, 1934, 
from whom further particulars can be obtained. A remittance for the amount due, made 
payable to the Treasurer of the IXth International Congress of Chemistry, must accompany 


each application. 


Pamphlets containing the rules of the Congress and also rules for submitting scientific 
communications can be obtained from Mr. S. E. Carr, The Chemical Society, Burlington 


House, Piccadilly, London, W. 1. 


Further particulars regarding hotel accommodation 


and charges and travelling facilities will be announced later. 
The 11th Conference of the Union Internationale de Chimie will be held at Madrid at 


the same time as the Congress. 





ADDITIONS TO THE LIBRARY. 


I. Donations. 


CouPER, ARCHIBALD Scotr. On a new 


chemical theory and researches on salicylic 


acid, 1858. (Alembic Club Reprints, No. 21.) 
Edinburgh 1933. pp.45. 2s.6d.net. (Recd. 
1/12/33.) From the Alembic Club. 
INSTITUTION OF GaAs ENGINEERS. Trans- 
actions. Vol. 78, 1928—29, etc. London 
(1933) +. (Reference.) From the Institution. 
KiInGc, ALEXANDER, and ANDERSON, JOHN 
Stuart. Chemical calculations: their theory 
and practice. London 1933. pp. x + 182. 
ill. 4s. 6d. net. (Recd. 1/12/33.) From 
the Publishers : Messrs. Thomas Murby & Co. 
ParsONS, THOMAS RICHARD. Fundamentals 
of biochemistry in relation to human physio- 
logy. 4thedition. London 1933. pp. xii + 
435. ill. 10s.6d.net. (Recd. 27/11/33.) From 
the Publishers: Messrs. W. Heffer & Sons. 
SCIENTIFIC AND INDUSTRIAL RESEARCH, 
Department of. Fuel Research. Technical 
Paper No. 37. The action of solvents on coal. 
By WitiiaM EpcGar Bakes. London 1933. 
pp. viii + 216. ill. (Reference.) 4s. 6d. net. 
From the Director. 


II. By Purchase. 


AMERICAN INSTITUTE OF Puysics. The 
Journal of Chemical Physics. Vol. I, etc. 
Lancaster, Pa. 1933 +. (Reference.) $10 
per annum, 

JANECKE, Ernst. Ueber heterogene Gleich- 
gewichte chemischer Stoffe in Wissenschaft, 


Natur und Technik. (Sammlung, N.F. Heft 
21.) Stuttgart [1933]. pp. 32. ill. 


III. Pamphlets 


ANSBACHER, STEFAN. Une étude de chimio- 
thérapie de la tuberculose. Genéve 1933. 
pp. 88. ill. 

ARAKATSU, BuNSAKU. On the anomalous 
absorption of y-rays. (From the Mem. Fac. 
Sci. Agr. Taihoku Imp. Univ., 1932, 5.) 

ARAKATSU, BuNSAKU, and Kimura, K. The 
activation of air by the electrodeless ring dis- 
charge. (From the Mem. Fac. Sci. Agr. 
Taihoku Imp. Univ., 1932, 5.) 

ARAKATSU, BuNSAKU, and UEMurRA, K. The 
electrodeless ring discharge through potassium 
vapour. (From the Mem, Fac. Sci. Agr. 
Taihoku Imp. Univ., 1932, 5.) 

ARMSTRONG, HENRY EpwarpD. Pharmacy 
of the future: a fantasy in greens. (From 
the Pharm. J., 1933, 131. [with additions)). 
ill. 

ATKINSON, RALPH HALL, and RAPER, ALAN 
RicHarpson. The _ electrodeposition of 
palladium. (From the J. Electrodepositors’ 
Tech. Soc., 1933.) ill. 

AUSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research. Bulletin 
No. 73. A soil survey of the Nyah, Tresco, 
Tresco West, Kangaroo Lake (Vic.), and 
Goodnight (N.S.W.) Settlements. By J. K. 
TAYLOR [and others]. Melbourne 1933. pp. 
47. ill. 





AUSTRALIA, COMMONWEALTH OF. Council 
for Scientific and Industrial Research, Bulletin 
No. 74. Observations on soil moisture and 
water tables in an irrigated soil at Griffith, 
N.S.W. By Eric S. West. Melbourne 1933. 
pp. 40. ill. 

Bulletin No. 76. A soil survey of 
the Hundreds of Laffer and Willalooka, South 
Australia. Report of the Division of Soils. 
Edited by J. K. Taytor. Melbourne 1933. 
pp. 41. ill. 

Pamphlet No. 37. The sheep 
blowfly problem in Australia. Report No. 1. 
By the Joint Blowfly Committee. Editors: 
R. J. Tmtyarp and H. R. SEppoN. Mel- 
bourne 1933. pp. 136. ill. 

Pamphlet No. 44. Thechemistry 
of Australian timbers. Part 3. The chemical 
composition of four pale-coloured woods of the 
genus Eucalyptus :—E. gigantea, E. obliqua, 
E. regnans, E. sieberiana. By W. E. CoHEN, 
A. C. CHARLEs, and A. B. JAMIESON. Mel- 
bourne 1933. pp. 22. ill. 

BERCKEL, Frits WILLEM VAN. Onder- 
zoekingen over de circulatie in het koelsysteem 
van de vuurhaardwanden van een stoomketel. 
Deventer 1933. pp. 85. ill. 

BIILMANN, EINAR, and Kit, ANDREAS. 
Untersuchungen iiber Kristallkernbildung bei 
Piperonal und Allozimtsaure. (From the K. 
Danske Vidensk. Selskab, 1932, 12.) 

BritIsH ScIENCE GuiILp. Industrial re- 
search and the nation’s balance sheet. Being 
the 8th annual Norman Lockyer lecture. By SIR 
FRANK EDWARD SMITH. London 1932. pp. 31. 

BRITISH STANDARDS INSTITUTION. No. 496. 
British standard specification for the sampling 
and analysis of coke. London 1933. pp. 34. iil. 
No. 501. Report on metric units of 

London 1933. pp. 8. 

No. 503. British standard 
ation for creosote for fuel in furnaces. 
1933. pp. 17. ill. 

No. 506. British standard 
ation for methyl alcohol (methanol). 
1933. pp. 17. ill. 

No. 507. British standard specific- 
ation for ethyl alcohol. London 1933. pp. 6. 

No. 508. British standard specific- 
ation for normal butyl alcohol (butanol). 
London 1933. pp. 12. ill. 

No. 509. British standard specific- 
ation for acetone. London 1933. pp. 12. ill. 

Brooks, MATILDA MOLDENHAUER. Effect 
of methylene blue on CN and CO poisoning. 
(From the Proc. Soc. Exper. Biol. Med., 1932, 
29.) 


volume. 
specific- 
London 


specific- 
London 


The effect of methylene blue on HCN 
and CO poisoning. (From the Amer. J. 
Physiol., 1932, 102.) 
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Brooks, MATILDA MOLDENHAUER. Methy]l- 
ene blue as an antidote to CO poisoning. (From 
the Proc. Soc. Exper. Biol. Med., 1933, 30.) 

Methylene blue as an antidote to CO 
poisoning. [Continuation.] (From the Amer. 
J. Physiol., 1933, 104.) 

Brooks, SUMNER CusHING. [Ion intake in 
Valonia as affected by HCl and CO,. (From 
the Proc. Soc. Exper. Biol. Med., 1932, 29.) 

, Selective accumulation of ions in 
cavities incompletely surrounded by proto- 
plasm. (From the Biol. Buill., 1933, 64.) 

Bucu, Kurt. Om borsyran i havet och 
dess inverkan pa kolsyrejamviktssystemet. 
(From the Finska Kem. Medd., 1933, 42.) 

CoueNn, L. The problem of the toxicity of 
solid arsenious oxide. (From the Rep. Aus- 
tvalian Assoc. Adv. Sci., 1933, 21.) 

DALEN, EGBERT VAN. Oriénteerende onder- 
zoekingen over tandcementen. Assen 1933. 
pp. 165. ill. 

Das, ANANDA KISHORE, SEN, GOPAL 
CHANDRA, and Pat, CHANDRA Kumar. The 
composition of the rain water of Sylhet. (From 
the Indian J. Agric. Sci., 1933, 3.) 

Dayton, RussELL WENpDT. An investig- 
ation of methods of decarburizing iron—nickel- 
chromium alloys. (Rensselaer Poly. Inst. Bull, 
Eng. Sci. Ser. 41.) Troy 1933. pp. 28. ill. 

DENNE, R. A. Laboratory aspects of fire 
control. (From the Proc. Autumn Conf. Nat. 
Fire Brigades’ Assoc. 1931.) 

DEwar, SIR JAMEs. A record of the scienti- 
fic work of. London 1933. pp. 68. 

Dussxy, J. V., and Dostar, V. Ein 
Beitrag zum Studium der Cis-Trans-Isomerie 
der Salze vom Typus MeX,.2A. (Publ. Fac. 
Sci. Univ. Masaryk, No. 160). Brno 1932. 
pp. 20. [In Czech. German summary.] 

Dussky, J. V., and Trritex, J. A con- 
tribution to the study of acetato-compounds 
of the alkaline-earth metals. (Publ. Fac. Sci. 
Univ. Masaryk, No. 161.) Brno 1932. pp. 
30. [In Czech. English summary.] 

Ew1jkK, LEOPOLD JOHAN GERARD VAN. Het 
verband tusschen het onderwerp, het negatief 
en het positief en methoden tot het verkrijgen 
van secundaire beelden in de photografie. 
Amsterdam 1932. pp. 197. ill. 

GRaAvEL, Lucien. Contribution a l'étude 
de l’acide §-phényl-f$+[anthron-(9)-yl-(10)] 
propionique (1). Synthése de la 3-[anthron- 
(9)-yl-(10)]-hydrindone (1). (From the 
Natural. Canad., 1931, 57.) 

Hort, Takeo. Uber das Bandenspektrum 
des Kaliumhydrids. (From the Mem. Ryojun 
Coll. Eng., 1933, 6.) 

Uber das wellige Emissionskontinuum 
des Kaliumhydrids. (From the Mem. Ryojun 
Coll. Eng., 1933, 6.) ill. 





Horio, Masao. Beitrage zur Auxochrom- 
wirkung. (From the Mem. Coll. Eng. Kyoto, 
1933, 7.) ill. 

INDIAN Lac RESEARCH INSTITUTE. Bulletin 
No. 14. The “ heat curing of shellac.” Part I. 
The “‘ life under heat.” By S. RANGANATHAN 
and R. W. Atpis. Calcutta 1933. pp.9. ill. 

Research Note No. 8. A note on wax- 
free shellac. By M. Rancaswami. Ranchi 
1933. pp. 2. 

INSTITUTE OF CHEMISTRY OF GREAT 
BRITAIN AND IRELAND. Three lectures em- 
bodying ‘A survey of modern inorganic 
chemistry.” By GILBERT THomMAs MorGan. 
London 1933. pp. 106. ill. 

Jormnt TRADE Marks CoMMITTEE. Memor- 
andum on British trade mark law. London 
1933. pp. ii + 17. 

KosAKA, Hrrosl. Die Beziehungen 
zwischen den verschiedenen physiologischen 
Erscheinungen der Pflanzen und den in 
verschiedenen Vegetationsorganen in Ersch- 
einung tretenden Farbstoffen. IV. Ueber 
die Beziehungen zwischen dem Dasein des 
Anthocyanfarbstoffes und dem Grad der 
Assimilationstatigkeit bei einigen Kultur- 
pflanzen. (From the J. Dept. Agric., Kyushu 
Imp. Univ., 1933, 3.) 


LABAN, NorMAN Roscoe. The _ nickel 


plating of zinc base die-castings at high current 


density. (Fromthe J. Elecirodepositors’ Tech. 
Soc., 1933.) 

Ler, Hstnc Han, and San, Peter P. T. 
Research on styphnic acid: II. Bromopicrin, 
the bromination product of sodium styphnate. 
(From the Sci. Rep. Nat. Tsinghua Univ., 1933, 
2.) 

Ma, Tsu SHENG, Hoo, VEN, and SAH, PETER 
P.T. Studies on phenolic acids: IV. Benzyl 
salicylate and its derivatives. (From the Sci. 
Rep. Nat. Tsinghua Univ., 1933, 2.) 

McCase, W. L. Heating asphalt with di- 
phenyl vapour. (Univ. Michigan Eng. Re- 
search Bull., No. 23.) Ann Arbor 1932. pp. 
viii + 76. ill. 

MATUURA, SINNOSUKE. Velocity of perme- 
ation of electrolytes through a membrane. 
(From the Sci. Rep. Hirosima Higher Tech. 
School, 1933, 2.) 

MINES DEPARTMENT. Safety in Mines 
Research Board. Paper No. 79. The inflam- 
mation of coal dusts : the effect of the nature 
of added incombustible dust. By T. N. 
Mason and RICHARD VERNON WHEELER. 
London 1933. pp. 13. ill. 

—— Paper No. 80. The ignition of 
firedamp by the filaments of broken electric 
light bulbs. By G. Attsop and T. S. E. 
Tuomas. London 1933. pp. 13. ill. 


MUKHERJEE, JNANENDRA Natu [and 
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others]. On the nature of the reactions re- 
sponsible for soil acidity. Part II. Titration 
curves of silicic acid sol, humic acid sol and 
aluminium hydroxide sol. (From the Indian 
J. Agric. Sci., 1932, 2.) 

Nitsson, GERHARD. Das Doppelmolekil. 
(Stockholm 1931.) pp. 6. 

Das Haupttheorem der 
Stockholm 1933. pp. 16. 

Oxupba, YuzuRu, and OGAWA, MASAYOSHI. 
On the method of quantitative estimation of 
glutathione in tissues. (From the J. Biochem. 
Japan, 1933, 18.) 

PILAAR, WILLEM MArRINUS MARIE. De 
hygiénische beteekenis van automobielgassen. 
Amsterdam 1932. pp. xii + 146. ill. 

Rist, JosepH, and Bolts, ELPHEGE. Con- 
tributions 4 l’étude de la matiére aromatique 
des produits del’érable Asucre. I. Recherches 
analytiques. (From the Natural. Canad., 
1933, 60.) 

Ryan, H. W. Broop. A study on the 
reaction between a gas and a solid. (The 
absorption of CO, by CaO and the absorption 
of CO, by Ca(OH),.) (Fac. Sci. Spec. Buil. 
No. 2.) London 1933. pp. 15. 

Sau, Peter P. T. Reaction of some 
imino-ether hydrochlorides with alcohols. 
(From the J. Chinese Chem. Soc., 1933, 1.) 

Studies on starch-iodide color reaction 
and its application to quantitative analysis. 
(From the Sci.Rep.Nat.Tsinghua Univ., 1933, 2.) 

Sau, Peter P. T., and Hsia, Cun Tov. 
Styphnamicacid. (From the J. Chinese Chem. 
Soc., 1933, 1.) 

Sau, Peter P. T., and Hstunc, SHANG 
Yuan. Studies on Chinese fruits. II. 
Analysis of the edible portion of Fu Chi 
(Chinese tangerine). (From the jJ. Chinese 
Chem. Soc., 1933, 1.) 

Sau, Peter P. T., Let, Hstnc Han, and 
Wanc, TIEN Hua. Nitration of benzo-tri- 
chloride. (From the Sci. Rep. Nat. Tsinghua 
Univ., 1933, 2.) 

Sau, Peter P. T., and Ma, Tsu SHENG. 
1-Nitro-anthraquinone-2-carboxylic acid as a 
reagent for the identification of alcohols. 
(From the J. Chinese Chem. Soc., 1933, 1.) 

SAHASRABUDDHE, D. L., and Kate, N. P. 
A biochemical study of the formation of the 
oil in niger seed (Guizotia Abyssinica), (From 
the Indian J. Agric. Sci., 1933, 3.) 

ScHLAPFER, Paut. Korrosionserschein- 
ungen im Inneren von Warmwasserboilern 
und Rohrleitungen. (From the Elehkirizitats- 
Verwertung, 1932.) 

ScHUETTE, H. A., and HuesBner, E. O. 
Daily variations in the freezing point of milk. 
(From the Trans. Wisconsin Acad. Sci., 1933, 
28.) 


Chemie. 





SCIENTIFIC AND INDUSTRIAL RESEARCH, 
Department of. Building Research. Special 
Report No. 20. Economic and manufacturing 
aspects of the building brick industries. By 
A. ZaIMAN and W. A. MacIntyre. London 
1933. pp. vili+ 111. ill. 

Technical Paper No. 14. In- 
fluence of temperature upon the strength 
development of concrete. By N. DAvey. 
London 1933. pp. viii + 76. ill. 

Food Investigation. Special Report 
No. 8. The measurement of humidity in 
closed spaces. (Revised edition, 1933.) Lon- 
don 1933. pp. viii + 70. ill. 

Forest Products Research. 
No. 1. Dry rot in wood. 2nd edition. 
don 1933. pp. viii + 34. ill. 

Special Report No. 3. Practical 
kiln-drying. By WILLIAM CORNWALL 
STEVENS. London 1933. pp. iv + 26. ill. 

Fuel Research. Physical and chemical 
survey of the national coal resources, No. 27. 
The Northumberland and Durham coalfield. 
Durham area. The Hutton seam. London 
1933. pp. vi + 126. ill. 

Physical and chemical survey of 
the national coal resources, No. 29. An in- 
vestigation of the accuracy of routine analytical 
determinations on coal and coke. By HENRY 
VINCENT AIRD BRISCOE, JOHN HENRY JONES, 
and Crecit Brittain Marson. London 1933. 
pp. vi + 38. 

Technical Paper No. 38. Design 
of a coal gas induction burner for a horizontal 
retort setting. By R. Coox. London 1933. 
pp. vi+ 16. ill. 

Technical Paper No. 39. The 
viscosity of pitch. By ALEXANDER BERNARD 
MANNING. London 1933. pp. iv + 20. ill. 

SIHVONEN, V. Die Graphitverbrennung an 
Osram-Faden in stromendem Gas. (From the 
Ann, Acad, Sci. Fenn., 1933, A38.) 

Uber die Oxydierung des Graphits 
durch elektrische Entladungen. (From the 
Ann. Acad. Sci. Fenn., 1933, A388.) 

Uber die Oxydierung des Graphits 
mittels Réntgenbestrahlung. (From the Ann. 
Acad. Sci. Fenn., 1933, A38.) 

SoutH AFRICA, UNION OF. 


Bulletin 
Lon- 


Department of 
Agriculture (Division of Chemistry Series, No. 


128.) 
By LestreE DeEnis-NATHAN. 
pp. 24. 

SPENCER, LEONARD JAMES. Two new gem 
stones. (From the Gemmologist, 1933, 3.) 

TULLENERS, ANTON JOHAN. Het gebruik 
van aethyleen en homologen in de chemische 
techniek. Delft 1933. pp. 109. ill. 


The cryoscopy of South African milk. 
Pretoria 1933. 
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UnITED States. Department of Agriculture. 
Circular No. 290. Grades of peat and muck 
for soilimprovement. By A. P. DACHNOowsSKI- 
STOKES. Washington 1933. pp. 30. 

Technical Bulletin No. 364. The 
composition and distribution of phosphate 
rock with special reference to the United 
States. By K. D. Jacos fand others]. 
Washington 1933. pp. 89. 

Technical Bulletin No. 377. 
Character and behaviour of organic soil 
colloids. By M. S. ANDERSON and HoRACcE 
G. Byers. Washington 1933. pp. 32. 

Technical Bulletin No. 383. 
Microbiological studies of salt in relation to 
the reddening of salted hides. By L. S. 
Stuart, R. W. Frey, and Lawrence H. 
James. Washington 1933. pp. 23. ill. 

Department of Commerce. Bureau of 
Standards. Miscellaneous Publication No. 
140. A study of the deterioration of book 
papers in libraries. By ARTHUR E. KIMBER- 
LEY and ADELAIDE E. EMLEy. Washington 
1933. pp. 7. 

VERBERG, GOVERT. Derivaten van 3: 5-di- 
nitro-aniline. Leiden 1933. pp. xvi + 107. 

VLUGTER, JOHANNES CORNELIS. Over de 
chemische samenstelling van hoogmoleculaire 
minerale olién. Delft 1932. pp. 79. ill. 

Wattman, C. S. Effect of hydrogen-ion 
concentration on the growth of strawberries in 
sand and soil. (Kentucky Agric. Exper. 
Station, Bull. No. 321.) Lexington 1931. ill. 

WALTON, ROBERT P. Causes and pre- 
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FORTHCOMING MEETINGS OUTSIDE LONDON. 


BIRMINGHAM. 


Monday, January 22nd, 1934, at 5.30 p.m., in the Chemistry Lecture Theatre of the 
University. Lecture entitled ‘“‘ Some Recent Work in the Alkaloid Group,” by Professor 
R. Robinson, D.Sc., F.R.S. 

BRISTOL. 

Friday, January 26th, 1934, at 5.30 p.m. Discussion to be held in the Chemistry 
Lecture Theatre of the University on ‘‘ Reactions in Gases and Solids.’’ Papers will be 
contributed by Professor W. E. Garner, D.Sc., A.I.C., and Mr. C. N. Hinshelwood, M.A., 
F.R.S. 

GLASGOW. 

Friday, February 9th, 1934, at 7.30 p.m., at the Royal Technical College. Lecture 

entitled “‘ Diamonds,” by Sir Robert Robertson, K.B.E., LL.D., F.R.S. 


NEWCASTLE. 


Friday, February 2nd, 1934, at 6.30 p.m., in the Chemistry Lecture Theatre, Armstrong 
College. Bedson Lecture entitled ‘‘ The Chemical and Physical State of the Upper 
Atmosphere,” by Dr. G. C. Simpson, C.B., F.R.S., Director of the Metereological Office. 


NORTH WALES. 

Friday, February 2nd, 1934, at 6 p.m., at the University College of North Wales, Bangor. 
Discussion on ‘‘ The Early Training of the Chemist,”’ to be opened by Professor T. C. James, 
M.A., D.Sc. 

SHEFFIELD. 


Thursday, January 25th, 1934, at 7.30 p.m., at the University. Symposium and 
Discussion on “ The Ignition of Gases,”’ arranged by Professor R. V. Wheeler, D.Sc., F.I.C. 





FORTHCOMING MEETINGS IN LONDON, 


Thursday, January 18th, 1934, at 8 p.m. 
Ordinary Scientific Meeting. 





Thursday, February st, 1934, at 8 p.m. 
Ordinary Scientific Meeting. 





Thursday, February 15th, 1934, at 8 p.m. 


Discussion on “‘ Some Aspects of the Electronic Theory of Valency,” to be opened by 
Professor J. E. Lennard-Jones, D.Sc., Ph.D., F.R.S. 





Thursday, February 22nd, 1934, at 8 p.m. 
Fourth Pedler Lecture entitled “‘ Chlorophyll,” by Professor Dr. Hans Fischer in the 





Lecture Theatre of the Royal Institution, Albemarle Street, W.1 (by the courtesy of the 
Managers). 





